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OIE{L AEN7A| (1/30)
» OIE{Lll wb& TH& (1/10)
« ARPANET (1/2)

o« A o|
« KA 2Zo| T2 AQA UEQIZ, #4x QE{LIe| MAIY
o _xl- |:||.|7=|

. E|| =dr M (DOD, Department Of Defense)2| ARPA (Advanced

se A
Research PFOJeCt Agency f01|k| AT LIS Z B75t7| 2o

HAEEE 4285t 2 Alo]| Al 7HA

. 19§7L-=| ACM (Association for Computing Machiner y)0l| A ARPA7}
ZFEE GIZotE 48 =930 ARPANET 0} OIC|01Z KloHet

. EX|
- O
- IMP. (Interface Message Processor)EPE_ S A#HEo =4E
HFEEE AZst, IMPES ME HZEH
« NCP (Network Control Protocol)2t= AZES|0{7} SAE 7t
Stlg M3E

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 4



OIE{Ll MENA| (2/30)
e QIE{S B 1k (2/10)
« ARPANET (2/2)

ES

+ 19694, UCLA, UCSB, &

SE
idotdf 4 2 HESTE T4I8

« 1975 ARPANETOH CHEF 24210| DCA ﬂDefense Communication
Agency)Z =0{7tH £ E 4l £CHo| =

- 1983, ZAFE MILNETZ 21ZH2 ARPANETS ZE 22[E
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CIEAS! A EH7[(3/30)
1+ (3/10)

- QIR |

. TCP/IP (1/2)

i

Of

718 4

—

o

- QIR S L E {3 ¢0i|M TIo|EHE &+ 4l5t7] ¢

int Cerf2t Bob KahnO| =& 0{ A end-to-end ZE2EZ S N[Ot

+ NCPL| MZR HTo =z, TCP ZE3l, HoIES0| 7|5, ClojEH a3 &2
HH=0| ZEE

- 0|F, EZFS| MM LEHUERX A (Internetwork)
E0{E ME MEH

« Cerf, Vinton, and Robert Kahn. "A protocol for packet network

intercommunication." In proc of: /EEE Transactions on communications 22.5,
pp.637-648, 1974

T

£ 01 QIE (Internet)

« E K|
-1 O

« IMPO{| {E 2
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OIE{L!l MEHA| (4/30)

» Q1B & 1Y (4/10)
« TCP/IP (2/2)

. |:|I-7<-|

« 1977'd, TCPE 27e| Z2E Z QI TCP (Transmission Control
ProtocoI)QP IP (Internetworking Protocol) 2 Lt+7|2 A&
. TCPE MTBE, RIZE, OF ZET 22 45 47 Jlsol Hel

- IP= OIO|EHO R 2tRES XMEsteE &

81, PAﬁ-_rLARPA}I |2F0]| 2 TCP/IPE L EA|Z|7]
sl U

DAR
IX AAH A7 %=

1981 A

2| 3H =

- 1983 7|&E ARPANET Z2EZ2 HX|5t12 TCP/IP7}
ARPANETOI IAMTEEZO| E

« CIEHHIE A3l AR 2 BtEA| TCP/IPE A& SHOoF

oo
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CIEAS! M EH7[(5/30)

« QIR &AM 1t (5/10)
« CSNET (Computer Science Network) (1/2)

. B0|

. 198111, ZATE] THet 01T HRLIEIS 4Zst7| s HRIE
L:IIE—?—-IH

e E Kl
- O
. THA| E} HIE-?-JEE of H|&H H|m ™ XMEE HELIZE, 0229
237t Ho| i ME ST =E

« ARPANETZ} telnete 2 942 E
- 80'dCH Sk, MArst a7 *l= O|= CHE 22| CHsto| CSNETO|

2 St
/1 A
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OIE{Ll AMENH| (6/30)
« QIR '/ b (6/10)
« CSNET (2/2)
HF X

Sf i, T CHer W 3707t

J

. 198113, Hat9lof &R, ZRIAE Ch
oIl
StRF=]

¢ 1982L|‘_=|, 247H 7|'E|'2E — o =

o2 SEE|H O|AZIEO| A Hi =AH ER

+ 1984'H, 847 7| =1
o474 =
- = (H

. O|% 832, 55 Jiuich ZPA, S, UR0| JAE

o =2 QI3 CSNET MHE|IA7I S5 LR

¢ 199117 NSFNET°| =
CSNETO| AMH|2 EE
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OIE{Ll MENA| (7/30)

o CIE{S! &F ™ 1t (7/10)

« NSFNET (NSF Network) (1/2)

. X4 0]
o —
. 1_|S|3866L:|_=|, O=5o A+ 2l ws 7|gh2 48t 14 YE (Backbone)
HE3XA

o
« Z|Z 9| 4 U ISP (Internet Service Provider)7t %3
ME 7|20 CHEtoto| HEQKTE AISSIEE 58 H
19914, AAA A|EHo| slixlE
TCP/IP 2|0 =, CLNP (Connectionless Network Protocol)2 X| &
« CNLP At E2 TCP/IPOI| H|aH Z R4S
1“544 Mbps& &l K=& 7HRlE T1 2telo2, 0|5 Mol A4S
NSE
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OIE{Ll AEN7| (8/30)
« QIE{! & 1k (8/10)
* NSFNET (2/2)

o HIX
= L
« 1986'd, 57 F+IHAFE MEIE2 56 Kbps&E o] HHEOZ 44T
- 19884, YiE L|EL|F T} T1 H&S 4 Mbps)2 2
°"JE1| |EE|0q, FHLiCH =& ﬁ, dlok3, EEteE S CHE =719

OI7 U g HEAI S HEAE

« 19904, ARPANETO| B 4! SAIE|T NSFNETS 2 CHx|E

« 1991, T3 2+2! (45 Mbps)HE S Z I 20|E &I},
ANSNETS 2 HHE
« IBM, Merit, MCI01IA-| ANS (Advanced Network and Service)2t= HIZE|
7lgte 7A504 ANSNETE =g

. 1995, NSFNETS 2ol o|E i ¢ 8 HEQII 2 HAE
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OIE{L AENH| (9/30)
- QIE{L! 8 F T4 (9/10)

- 2ACHO| CIEH (1/2)

o
- 1A xlot 2HE| BAY, B SAYER THE
. OO SE ABRIES ISPE 088
- 2E 9L0|E E (WWW, World Wide Web)2| SE S Z 2IE{Hof
AlO{Xd0| 22 £7|.A|5'I
oOoHTLLSoo= S
Ethernet
evolution
Standard Fast Gigabit Ten-Gigabit
Ethernet Ethernet Ethernet Ethernet
10 Mbps 100 Mbps 1 Gbps 10 Gbps
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CIEAS! HEH7A| (10/30)

* OI_I E-l L/:I\I I:_I-XI_-I J_ll- xO-I (1 0/1 O) "Z|Z20{= IXP (Internet Exchange Point) £ £ &

- 2ACHO| PIEH (2/2)
. ISP
A

S0

« QIR H&sts ~EHE M3ste FA
=
. HH

HH

HI
M

ISP
« NAP" (Network Access Point)2t= 22 .= =01 |5 ME HAZEE
« 10 GbpsO|& 2| L[0O|H MEES M3 &
* e.g., SprintLink, PSINet, UUNet, Technology, AGIS, internet MCI
« X|HF ISP
o« StLt Ol o] HHE |SPOf 1Z2E &2 ISP
- W2 |ISPECI X2 0| MEES M3SF
* e.g., KT (Korea Telecom), SK
- 2EH ISP
« SE AIEXEAH HY HEH[AE HMSEH
o X|F ISPO| AZBK[7HLE, 2T HE ISPO| 1EE = US

:
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OlE{ull MEN7| (11/30)

« EZ (1/15)

.
lo
A

o FO o1 1m
> 0%

= OF0l| M L2t g1 ZEE F XIS
OlLt Z7|&

120

. AL . MH
> il

0z
Fob

2842 235yl Qs T

=
N
Ll
lo

E & (De facto Standard)
& 7Z0| EGH MASESEM &=
. e.g., TCP/IP 2 &

[
H
BN

u =

- HE E & (De jure Standard)
20l=l 7|2to] |3 A= E&E

— O — L™

e.g., OSl (Open Systems Interconnection) 7 Layer 2 &!
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OIE{Ll MEHA| (12/30)
« EZ (2/15)
s EENHERIHE] (1/7)

« ZTNMEZESI7|F (1ISO, International Standards Organization)
- I

o 30| EENHRHEIOM MHE HER FHEIC=H 7|[F
- 0|29 AL, ANSIZt O|=22 CHE S0 1ISOo| 7HUEl0] /e
- HE
- 83 S EE M, ditd &Y, 7t E XotE flet REE NS e =2 M
4E0 M2 IXMH net ZEEE SEE S
- HERZ SAIE 22 oS|I 22 S s
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CIEAS! HEN7A| (13/30)

= (3/15)

L =N 3 (2/7)

« ZA|FHT|S AR -MT[SAMEZEHA (ITU-T, International
Telecommunications Union-Telecommunication Standards
Sector)

- IR

 UN (United Nations)0lAM S AT 7|& Aodgto| 57|72 CCITT
(Consultative Committee for International Telegraph}/ and Telephony)Zt=
P HS|E BHER}AT 19931H0f O|FO| ITU-TE HEE

. g5
. Uit ©7|S 4, T8, B0 S4 AL EE MED 4TS £
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OIE{Lll MEN7AH| (14/30)
« £F (4/15)

- EEMERH=! (3/7)
- 0|7 2 E &% 3| (ANSI, American National Standards
Institute)
e 12
- H|Q¥Z| 2l QE, HMEs s, A, H5F & 22|7|8 AH[RF B SOl
£3F£|o1 =
e ==
= O

sl-
|

- Ol He| E&2 ‘_—'.‘7P7<’H7|-_rLEA‘I
- 0= BXe| 57l wote

Hu
xF
=Y
M
10
2
Jm
mok ruT
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CIEAS! HEH7AH| (15/30)

+ EZ (5/15)

- EEXNELH=! (4/7)
« M7|™XtS 2 2| (IEEE, Institute of Electrical and Electronics
Engineers)
- Jhe

. MAOIM 71 F2ot 2 MEas sl EEEo| MR 2E 3 siLis
ZRE{o SAo| ZH EF T X 7 |
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OIE{Lll MEN7AH| (16/30)
z (6/15)

s EEREQHS (5/7)
« 4XFAFRAEd S| (EIA, Electronic Industries Association)

o 7H.|C.?.
« ANSIQ 27 HAHAFI o] BHEFS FEISHY | Yol MEIE HIE 2|7

« SF=
= O
. EEO|NHI ZF0/A 1, WA 2H SOl 5 £
. ClO|E| S4lo| 2E|%Ql A7 QW 0|49} TAH A5 0| F2S FHsHE
St=E2 ASHSEH
=O0O =2 T ofnd
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CIEAL! AENA| (17/30)
« BEZ& (7/15)

- ZEXHERHE] (6/7)
- EC 2to|= & ZAA A (W3C, World Wide Web

Consortium)
e 12
- EE 20| Eo| HUIH HEE ST st & EES MYUsSte =M LAY
- Bl A Z|o] ol HBIEIRISMH, T MAHl =88 7Ho| 5[0 Fofst US

=
=2 O
. EEE Yol 7I7(2 BEteE BEE
. 2 MT S MY SIBt Hol= oIS MBS, SMEHE K|
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OIE{Lll MEN7| (18/30)

.+ EZ (8/15)

« EEXERRE| (7/7
. 7S 2 HFQ @48F (OMA, Open Mobile Alliance)

v
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CIEAS! HEH7AH| (20/30)

- £Z (10/15)
. T (2/2)

=

. iEﬂ %74| iE'-"
« I BH 7|=o FEHSE 7= JHE

S

H ME| =]
i

[ — i ==

ol

%
o

1
|0

« ATM(Asynchronous Transfer Mode) 3 &

=
. ATM 71&0| A8 AEtE F757| Dot M2ls

« UPnP (Univ rsal Plug and Play) i

3- & (zero-configuration) U E 4 Z EXIE BEY| /I HESRS
T2 X|&etm BTlet7| flo MEEH
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OIE{Lll MEN7| (21/30)

- TZ (11/15)
- A 7l
Y EI‘E
= O
- ZIC| W&, "EH|I™, f4/710l2 S48 THEt0{ 382
olelg B35l g 2R, 241 Jla8 EXE
==
*STT
 FCC (Federal Communications Commission) (O|=)

« KCC (Korea Communications Commission) (2f=)
« MIC (Ministry of Internal Affairs and Communications) (& &)
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OIE{Lll MEN7H| (22/30)

« £& (12/15)
« QIE{H I & (Internet Standard) (1/4)
p=el

. QIE{LI0] M E|E JlZO0|Lt WHES EEOR KM 2

1. QIE{L! EB|Z E (Internet Draft) EA{7} X A&

2. 6/ HBEo| f&7|7t S0 2t B (Maturity Levels)& 7

3. ZH J|HERRE B2 27 EAH (Requirement Levels)d| 2}
RFC (Request For Comment) £ g ZH&
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CIEAS! HEN7AH| (23/30)

.+ EZ (13/15)

« QIR & (2/4)
. 2t EHA (1/2)
- M & (Proposed Standard)
« QR IS0 B2 380 SE8 =98
- CE{ZE EZF (Draft Standard)

« Mot ZEEOM 2Ho| SXAHOI 30 45 2E0| 0|F0{Fl A E|
« OIE{S! E & (Internet Standard)

12 OFHE 77

g\

- CEZE EEO0|M F340] 2tEd5HA| o
0| = 0%l A Ef ettt
Y Y A
Experimental } ----------------- >| Proposed standard | Informational

Six months and two tries
\

| Draft standard |

Four months and two tries
i Y

| Internet standard |
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OIE{Lll MEN7H| (24/30)

« EZ (14/15)

» QRS & (3/4)
- 2t EHA| (2/2)
. 7|5 EHA| (Historic)
. 2|F 2o olall TSI ALY, QIE EZo| £17| Slsh B s BHE
SatotX| 2

- Al EtA| (Experimental)

. QlE|L SR0ls WE Fx| ohm, ARHOI AET} BEIE AU
- .
- HE XS (Informational)
C nemetdrat
« QIE{Hn} ptEdEl AN REE|Y _emetde 2
eIl So0loiee o|n|F
O 1 = AAEO =2 — = Y v v
° OI_IE-ILjI\I El-alj 7|_T|I:|-O| Ol.lr_l | Experimental } ----------------- >| !:’I’Oposed standard | Informational
s 1 g Six months and two tries

MZ=AL~ o M & et '

| Draft standard |

S | Four months and two tries
Y

| Internet standard |
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OIE{Lll MENA| (25/30)
« ZZ& (15/15)

o« QIR E & (4/4)
« Q7 BHA
- 2 (Required)
. BE QIE AlASI0IA A 2to| MgA0| THEH 7 RFCT} H

- ™11 (Recommended)
. A|ABO| MEAO| QT LK GOH 92AM0| YomH MO

b= (Electlve)

« @FEXR|E I0 HIEX|E AASLE, AMAHHM RUL FR0= AHS
7|._o|'
* |'% |%|_ (lelted Use) Required
AMEHE AgolMe A2 E 4 U
. E|3=Ix_| |_| RFC7|' Ol O'" _J—II\_%DI- Recommended
e [ i (NOt Recommended) Requirement levels Elective
o oItIl-X-IOl 2:0.” x-lol-o|.x| E_I-g
= = = A;FO Limited use
- 7|% RFC7} O| 250 ¢
Not recommended
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CIEAS! HEN7AH| (26/30)

2| 7|7 (1/5)
* |[SOC (Internet Society)

F

. QIE{Ll &

°7H.-C.?.

- A HIBE| BxZE Qe

ISOC

IAB

IESG

—_—————— o

IRSG
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OIE{Lll MENAH| (27/30)
- OIE{LN ZHE| 7|7 (2/5)
* |AB (Internet Architecture Board)

°7H.-C.?.

. ISOCE 9I#t 71% A2 M2

o 045t
==

. TCP/IP Z2EZ &9 X|&%{Ql

« QR SSH| e A7 A Z[=%
- RFCO] CHEr HE 22| E Sekst

=

o
 |[ETF (Internet Engineering Ta
Task Force)& &35l 0|28 &F
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CIEAS! HEH7AH| (28/30)

« QIE{L 22| 7|7 (3/5)
o [ETF
¢« 72
« IESG Ylnternet Engineering Steering Group)0i 2|3l & 2|=l=
IEY
. 045}
1=
- 2EY O EXHEE WSt =X|HHol CHet sHEAE MIst=
oS ot
T A= E .8
- PIEH E&0 ZF2 AHEE 42 st Z4EH
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CIEAS! HEN7AH| (29/30)

« QIE{L 22| 7|F (4/5)

* IRTF
+ R
« IRSG (Internet Research Steering Group)0il 2|5l &2t T
. ofg
- QIEH Z2EZN 88, 7 Z, 7l HHE HI| 97 FHE
FHMoZ CIR T US
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IR HER7A| (30/30)
« QIR 22| 7|7 (5/5)
* |ANA (Internet Assigned Numbers Authority)

o O35t
1=

« 1998 10& 77 K| I

Zr2|of CHer S 2

- 1998'A O|%, H|P 2| 2zt O|= 242121 ICANN (Internet
Corporation for Assigned Names and Numbers)0{| A IANAE 24

5t

=

S Q] W (Domain Name)1f &4

A
=2
=

* NIC (Network Information Center)

e 015}t
N
- TCP/IP Z2EZ0] &8t ME £=Z|0 EHljof CHEF MU
] X=)
= (|
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OSI 2T} TCP/IP Z2E Z (1/24)

CIZRES

. 9|
. olo|E| S4lg 9I8 FAlo| T
M QA

« 7+ & (Syntax)
- OIO|E{e] XL} Ao 2 O|O|E7} EFHElE =ME o|OlE
- e.g., X BHIEE= SAXL F
ArS &

- O|0]| (Semantics)

c e.g., 2F AMclE <o Mol HEE
- EtO|Q (Timing)
- X 4IO|HE ™
L}EFHE

c e, S57/8H8 o ClOIE 44 AHS URlE

Ok

Sl odnotLt w2 &£ 2 AMash 740712

TCP/IP ZEE =
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OS| Z& TCP/IP Z2EZ (3/24)

. OSI 2 & (1/10)

S

- =2 (Physical) A&

- O|O|E{&! 3 (Data link) &
HE 2|3 (Network) &
& (Transport) A
M| (Session) A&

(
(
(

Presentation) A&
Application) 7|5

Layer 7
Layer 6
Layer 5
Layer 4
Layer 3
Layer 2

Layer 1

Application

Presentation

Session

Transport

Network

Data link

Physical

TCP/IP ZEE =
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OS| EEE*'EP TCP/IP Z2EZ (4/24)

«OSI 22

- A& CH A
« ME WA
. &40 % 2 ololE] 97t 2R 2R o9l ABSE olSE
. 24 & HBAMEE 49 HEoR 2ol
» 1= 3} (Encapsulation)
- H9o|

\% @
[ [ b4 | Ha |
I I N
2] |2 |
| T [ rnh T meims |
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OS| 221} TCP/IP Z2EZ (5/24

. 0S|I 2 & (3/10)

cHIE T HIE E4(2/2)
» CIE{H|O|A (Interface)

Al
115 0] HtZ 2| A& 0i|H ~SsHoF st HELE AMHH|AE Hold

Device A Intermediate Intermediate Device B
node node

Layer-to-layer communication (7t layer)

7 Application Application 7
7-6 interface oy ot 7-6 interface

6 Presentation Presentation 6
6-5 interface . L 6-5 interface

5 Session Session 5
5-4 interface 4 . 5-4 interface

4 Transport Transport 4
4-3 interface 4-3 interface

3 Network Network 3
3-2 interface 3-2 interface

2 | | | 2
2-1 interface 2-1 interface

1 Physical i i Physical 1

Physical communication
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OS| Z &1 TCP/IP Z2EZ (6/24)
« OS| £ & (4/10)
- AEEH 715 (1/7)

- 2C| AS
- ClE{m|O|A 2 OfX|2| =2

- TS OiAC 78 & Xt TS O

W& Zt QIE{mH|O|AC| EMES FAIE
- HIEQ| E#
- HIE 233} (Encoding) RS H&#
« OIO|E{ & E
+ =Y EUX|E HIES & 7Y
- HIE 573
- &, =LKt o| HIEB|O|E (Bitrate)& S7IstE
« 3|M Y
- X|E 7to| HIo|H M& WAlg 7-E
- =M HUSEH
« XSO0 HERHIE BHE7| s ECIMZ ofEH AAL=XIE A
- ME EE
A 7
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OSI 2ZE I TCP/IP Z2EZ (7/24)

. 0S| 22 (5/10)

- ASYE 7|5 (2/7)
+ CIO|EZE 3 AIS
- ZEf 7Y

- HEQT HScZHE &2 HIE AEZIS ZP|Y (Frame)O|2tE= Ci|O|E
CHRIZ L
- 22| FLAXH
- TP &, =ARE Hit7| @3l slHE Fotg
- SE A0
« AR SAIKIO| HIOIE XMElES U E
- 2F A|oq
e &AE|T AAIE mpQle EFX|5tT RIXAE

T

Aol &x|7F ZHe 30l AAEE|o] QIS m, o= ER|7} Mo{HE ZHEX]
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OS| 221} TCP/IP L2 E Z (8/24)
. 0S| 2 & (6/10)

- AISYE 7|s (3/7)
- HHERA HS
e =2 =AKX|M

. A9 ASoRRE] 2 HZlol 4IRS £AIKO| =B FAE TF o
SIHE F7He
o 7=|Ex|x-l

- 727t 2 HEXIE tHE7| sl WERXZ ZF M2 (Internetworks)E & &
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OS| 221 TCP/IP Z2E =

(9/24)

«OSI 2 &

- 7S

(7/10)
7S (417)

ME HAS
. A—II:IIJ\ X|™ (Service-Point) =

- HEE| Aol EXM T2 MAOIAM F
LFEFLH 7| -|—|oH M~ x| =4 (E

. BEI YA

« HAIXIO] =AM HSE M504, S S0 &AL A E A2 AlE 7ts
« 044 X0

- I§Z!Z HIHAYPO R M| HeIX|, AE8Ho 2 x[2|gh WelX| A
« S E X0

« end-to-end0i|A O|O|E| M& 2 &g
« 257 XN|0f

« IZNALCHZEMARZ S|, AMTISES £&is { A HIA|X|7F

TAE ™S A S0 27 ¢io| E3H5te A2 E&E

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 43



OS| 2E 1 TCP/IP Z2E 2 (10/24)
« OSI 22 (8/10)
- HEE 7|5 (5/7)

o MM AHIS
 CHS} A0
. £ ZEAA 7Ho] BHOIEOILF H0|E BER Slste X2 Balstod, S5 4
2t a2 Mol Mt
« S7|5}

- OlO|E{ AE &0 &I (Synchronization Point)2 F7}35t04, Cl|O|E{7} S&™
Al 71 & A
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OS| ZE I TCP/IP Z2EZ (11/24)
. OSI 22! (9/10)

- HE
- ME CHE 223 4y 7hol 43 2848 MY

« OF=

— B
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OS| ZE 1 TCP/IP T2 EZ (12/24)

- OSI 2 (10/10)
- ASYE 7|5 (7/7)

= -
- S8 HSE
- HERZ 74 HOlE
. 22|15 ElOld 90T AHRRI} HZ S A Mas 43EgE £ o7
HEE AxEQ o] 7|8t ClE{mo]A
- mtof CHEt ™S, M2, &2l (FTAM, File Transfer Access and
Management)
. IO M& MT U BE VIS MBS EE Z2ES
« MAt £H AMH|A
. MR STS ML AL MBS WS M
B E 3| AMH|A
- 24 OIO|E{HO|A &}

MSste S8

=

0lo

=2
o

ol

e L

i

Ig BolstH, AFSAtet LIEXT RHelof CHEH BE E
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OS| 2= TCP/IP Z2EZ (13/24)

. TCP/IP 21 & (1/6)

. 7H.-C.?.

- Heio| TCP/IP Z 2
THEEROLE, @EY
HEz FYE

 HIE X

=c| Al

(]
HEL3
ME HE

S8 AE

CIOIEZE A AS

Application

Transport

Internet

Network Interface

Hardware Devices

A. Original layers

“—» Application
D ——— Transport
- Network
- Data Link
-— Physical

B. Layers used in this book

Layer 5

Layer 4

Layer 3

Layer 2

Layer 1

TCP/IP ZEE =
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OS| 2= TCP/IP Z2EZ (14/24)
» TCP/IP 15 (2/6)

. £
. EM ZREZ2 THHA I RE EED J|gHe ZRESS
x|
. £ 1= 7H S410| 0[F0{H

- ZHHIEE VMo 2 XEIE
» PDU (Protocol Data Unit): &t HIE T
%0 ® O @0 o0  Js

Link 1 Link 2
Ag R1 R2
: 011... 101 b Q :
ink 3 Link 4
Link 6
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OS| 2= TCP/IP Z2EZ (15/24)

» TCP/IP 1 (3/6)
- HIO|ER T HE

- SHIZIZEZE FHIXI LD ZE EEN V|IeMU Z2EES
NFa

+ T E 7 S40| O|F01F
- PDU: Z2|¥ (Frame)

° VA E.” o I o.” E_l | = | |' Al x |9I. = X-l x | % ;\_t snl' 3" Legend| O Source @Destination D Data H Header|

o L

O

flame

Frame
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OS| 2= TCP/IP Z2EZ (16/24)

+ TCP/IP 21L& (4/6)
cHEYT HS

« E X
- O

- OIE{Ll T2 E Z (IP, Internet Protocol)& K| &
. end-to-end 412 —’Féc'i?:.*
« 2R E0ME || Z2E F 7| fla ! Y AlIXK[el SHX|E
xAl'ol- e OA% egend| O'Source @Destination D Data H Header]|
- PDU: C|O|E{1 3 (Datagram) .. % T M0 D el

>0
Datagram
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OS| 2= TCP/IP Z2EZ (17/24)
» TCP/IP 15 (5/6)

* x-lg 7=”o
o EXI

. MEMoz £ sjo| T2 E 2 (UDP TCP)
2000'ACH X 0| SCTP ZE2EZ0| B E &
« end-to-end EQS =& &

s PDU: AtEElE ZEEZ0| M2 CHE | e
+ TCP: M[OHE (Segment) R e s s

. UDP: CilO|E{2®®

[ 1 1 1
i — — 2
§
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OS| 2= TCP/IP Z2EZ (18/24)
» TCP/IP 1& (6/6)

- S8 ASE
-1 O
+ ALSXE7E A QIE{UO|LE 22 QIE{Hof ML E & A &

» M4 W, U TS, EEAOIE E S B2 ZZEZ0| 1 E /0]
ole

ol

. ;%:-to-end sSiE alig (@] o= (e
- PDU: HIA|X| (Message) T BEEDEE -
1 OM 00 00O [
-] O D0 00 0
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OS| 2= TCP/IP Z2EZ (19/24)

«OSI 22

I TCP/IP & H|w

c AIE X
* TCP/IPZE2 4HE, OSI 222 7HS 2= TCP/IPL| 88
HES 0SIC 88, 3, MM ABSoE MZe += UZ
o
*TT O|_=| é;'
- OSI 2E2 ASe =2 7|s=2 X|™et o Brslf, TCP/IP
282 AlAglo] 270f met HSo| BEE D CHgE &
(=) _
lel E Application
® x=- E‘ HOI- A—! Presentation Application Seve;fl):ﬂg:gaﬁon
[ ) TCP/IP :—E—% AEI%&II Session
x-lj' HI—AIQ 7|‘x| " | Several transport
HL.-. O /|12 = Transport Transport B protocolsp
¢ OSI E Eél 8 %—ll-% x—-ll x|=-I| EL Network Network ] ;2?&?\: Loéf;?ﬁ;
HF Al 7|.x| protocols
© = = Data link Data link Underlying
LAN and WAN
Physical Physical technology
OSI| Model TCP/IP Protocol Suite

TCP/IP ZEE =
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0 TCP/IP Z2EZ

(20/24)

2> (Physical Address)
_J.*_ (Logical Address)

=2 (Application Specific Address)

Application layer

Application-Specific

addresses

Transport layer

Port
addresses

Network layer

Logical
addresses

Data link layer

MM

Physical
addresses

« =4 K|H (1/5)
s H =
=TT
« =C
+ =LC
o XL
o 22 E
OO |1
Message
Datagram
Segment
Frame
Bits

Physical layer

TCP/IP ZEE =
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OS| D1 TCP/IP Z2EZ (21/24)

- ZAK|H (2/5)

A

. B0|

» NIC (Network Interface Controller)0oi] & E T3 AKX}

-l

Kl

o

48HIEQO| FAR 167+ HAloZ 1
* e.g.,07:01:02:01:2C:4B

* NIC XM= EAH0M IRsHH EEE

- OSI| 22 0| HIO|E{& 3 HE (Layer 2)0M AR H

=|
=

. Jm

2
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OS| ZE 1} TCP/IP T2 EZ (22/24)

« =4 K|H (3/5)
- =2 FA
- & 9|

- HE23 BE2|Xt == DHCP (Dynamic Host Configuration Protocol)
MEo| olsll EEElE F=4

Xl
o

IPv42| AR, 32H|IE FTAE AISE
¢ e.g., 192.168.0.1
. |IPv62| AR, 128H|E FTAE Al2¢
* e.g., 2001:0db8:85a3:0000:0000:8a2e:0370:7334
. HE2|3 &2|AtL} DHCP AMB{oi 2|8l #1473 0| 7t &t
« OS| RE | HEL A AHE (Layer 3)0{AM AFSEH

. A
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OS| 21} TCP/IP Z2E 2 (23/24)

« ZAK|K (4/5)

2

c L E
X

EE‘H

o
|EHT SLM & Z2MAE AES7| el AEElE =4

m
01

- 16H|E =X 2, 004 M 655357t X|2| HL{E 7+HE
- OS| 29| & H S (Layer 4)0{ A A}Q-El
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OS| ZE I} TCP/IP T2 EZ (24/24)

- EM 28 ZZIOILF MHIATF HIERT AoM Z53517] 216

S
- EY EEAHOIM HE ZE2REZ0| TS E
e.g., MAFR™ F A, URL (Uniform Resource Locator) S

- 0S| 2EO| oHEZ|AH 0|M AHS (Layer 7)HM AHEH
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= &k

 QIE{L! MENA|
.OS| 221} TCP/IP Z2EZ

« 7|8t 7|=
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7I8F 7= (1/77)
» 749 LAN (Local Area Network) (1/20)

o A O|
o —
. 22|M Ho|22 ALR 50 HFEIQ} JIE HxES BHUE
K| LHO|M ¢dZ&5t= HIEH =
==
*STIT

 O|H4Y! (Ethernet)

- EZ & (Token Ring)

« EZ B{A (Token Bus)

* FDDI (Fiber Distributed Digital Interface)
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718k 7= (2/77)
.+ M AN (2/20)
e |EEE £ &

« LIS
- EC| AT CIOIEHR T AS2| 7IsES 7 HE
+ CIo|EHZ 3 HIEE 2712 FHE2E s
 LLC (Logical Link Control)2t MAC (Medium Access Control)
. Aﬂ% _EJ% LAN ZZE 20 2|5l oi2] 7| =2[& E&ES
IS (PSE=

LLC
Data link layer Ethernet Token ring Token bus
MAC MAC Mac
LLC: Logical link control .
MAC: Media access control Ethernet
Physical layer physical ;-o'(_enl I'Ilng t;ro‘(_enl ?us
layers physical layer | physical layer
OTransmission medium ) O Transmission medium )
OSIl or TCP/IP Suite IEEE Standard
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7|8 7= (3/77)

.+ M AN (3/20)

. YR B Al (1/3)
« MEZ (Preamble)

+ 0 12 HF=ot= 7HIOIE gt 7+
« AMAEIO| E0{2= ZH¥E wAstn U EO|TE XFF F

- 22| HABAM F=IHE
& = ol A X} (SFD, Start Frame Delimiter)
- 101010112| 2t 2 7+Z

HA =2
« OFX|Z &= HIE 112 =&KXo A = EE7F SMX| F

- IOl AlEtE L3

¢« A

b

ol of
0= =

o

=2 = N I7|L=
» =c| ASoM FIHE

Preamble: 56 bits of alternating 1s and Os.

SFD: Start frame delimiter, flag (10101011)

Destination Source Length ,
Preamble SFD 9 Data and padding CRC
address address or type

|< 7 bytes 1 bytes 6 bytes 6 bytes 2 bytes 4 bytes

Physical layer header

TCP/IP ZEE =

Jeongmin Lee, Protocol Engineering Lab.
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718r 7= (4177)

« S | —’F—_/.\_ (DA, Destination Address)

- IfZE solste X[= o] EE| FATF E0{US
o« BFAX| =4 (SA, Source Address)

« IZ! S4IXte| E 2] FATF S0{RUS
- ZO| E&= | (Length or Type)

* ﬂ!%il‘ ElO'l E _\T_H9|O| IZ2EZS -|9|Ig=|.

Preamble: 56 bits of alternating 1s and Os.
SFD: Start frame delimiter, flag (10101011)

Destination Source Length
address address or type
|< 7 bytes 1 bytes 6 bytes 6 bytes 2 bytes 4 bytes

Preamble SFD Data and padding CRC

Physical layer header
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7|8F 7= (5/77)
« M LAN (5/20)

« Z| Y B4 (3/3)
- &2 A& d|O|H (Data)
« &9 HlE el ZizstEl Clo|E7F S0{US
J_I¢ 46HFO|E 0|1 Z|CH 1500 HIO|E
* CRC (Cyclic Redundancy Checking)
- el oHE AR

Preamble: 56 bits of alternating 1s and Os.
SFD: Start frame delimiter, flag (10101011)

Preamble SFD Destination Source Length Data and padding CRC
address address or type
|< 7 bytes 1 bytes 6 bytes 6 bytes 2 bytes 4 bytes

Physical layer header
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7|8 7= (6/77)
« 3 LAN (6/20)

« TAXK|HE (1/2)
N

- 6HIO|E (48HIE) 3 7IE 7IH
- 2E ()2E FEE
. 16 Tl&= E 7|4 (Hexadecimal Notation)2 2 E 34E

d: Hexadecimal digit
dldzl d3d4: d5d6: d7d8: dgdlol d11d12

6 bytes = 12hexadecimal digits = 48 bits

ﬂ

4A:30:10:21:10: 1A
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Z9r 7= (7/77)
M LAN (7/20)

0
-

« E K|

- O
. 2x{x| ZAO| & W HIO|E |59 HIE 7} 0

N
« HE|FHAE = A

« E K|

- O
. 2xix| ZA0| & WY HIO|E |59 HIE T} 12

AE £
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7|8k 7= (8/77)

« F41 LAN (8/20)
« 04X 3.1

Ct& SMX| T4 RS S LIEFLHO4ES.
a.4A:30:10:21:10: 1A
b.47:20:1B: 2E: 08: EE
c. FF: FF: FF: FF: FF: FF

Ol
a0l A 3 B HIO|E7F 0|22 FLIFHA

bolAM & EHml HIO|E 7| E4 0|22 HE[FHA
cOlM 2E XI2| 40| FO|[EE HECEIHAE F

i
1P
> b
o

e o o [WH
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7|8 7= (9/77)

. 2 LAN (9/20)
ye[=[

& O|H4Y! (Standard Ethernet) (IEEE 802.3)
. Xoo|
- 7|0l EESZ, Z|CH 10 Mbps8| & S E A
)

1<% O|HY (Fast Ethernet) (IEEE 802.3u

. B9l

5t
=

O

EZ O|C{SIE T} 108 #HE 100 Mbpsel S E & K ste ol BE
7|7HH|E O|HY! (Gigabit Ethernet) (IEEE 802.3z)

. B9l
« Z|CH 1 Gbpse| M&E S E MIste ol &

- 107|7HH|E O|HY! (10 Gigabit Ethernet) (IEEE 802.3ae)

) x-IO| Etherr_1et
}_l L__H Gb _o_l xlj—g— _/_nl\_E% evolrtlon
AR eI aa ol £

Standard Fast Gigabit
Ethernet Ethernet Ethernet

Ten-Gigabit
Ethernet

10 Mbps 100 Mbps 1 Gbps

10 Gbps
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7189t 7= (10/77)
+ 2 LAN (10/20)

« & O|HH (1/6)
« CSMA/CD (Carrier Sense Multiple Access Collision
Detection) (1/5)

. Ho)

« LIERIFO|M TIO|EHE MEE [ S== L XIst7| 2I6H, X7t TE Oi| 2
AMENE B 0I5t= X HFAl

o = o T
« EX|
-1 O
. T% ol IEQIITL ALS BOIX| Bolsto SES WRIY
. BEIISHE U4 oL BES Q0NN R
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7|8t 7|& (11/77)
. M LAN (11/20)

« & 0|HY! (2/6)
+ CSMA/CD (2/5)

. 7‘*1_4 X|24 (Propagation Delay)0i 2|8t &
. 4,0l BE OHA7F AFSE[X| IR%ES &0 =1
2. t,0l M C= OHA| 7 At EIX| 2L Y %% of 1 =g

A
| &

3. FASIEEED ¢ Zo

Area where _—
A's signal exists

Area where __—
both signal exist

Area where
B's signal exists

\)
Time Time
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78 7= (12/77)

« 2 LAN (12/20)

+ EE 0|4 (3/6)
« CSMA/CD (3/5)
-« 5= B X| oAl

1. HoIMAE ZHY H

ﬁ
i
fjo
HI
=
N
>
12
9-'-'

2. t,0lM C= A7t B HIEE AX|5HX| X5t Ahdlo| =Y HIEE EH
3. t301M C= ATt '=”L KNHM HIEE &1 =2 8K, &2 X

4. 4,0l AE C7t EH RN MM HIEE &1 S=2 HX|, MES SXIH
| oY 7.‘_*3/“7F T2 ™MOi Z|CH T It A[ZF T, 2| 2817t Z|oqoF &

A stars C stars
attime ¢ at time ¢,

Collision
occurs
Transmission | | /¥ @ o ts

time

Transmission
__________ ts time

Ly
A detects/

collision and
aborts C detects
collision

v and aborts v

Time Time
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7049t 7= (13/77)
+ 2 LAN (13/20)

E & O|HH (4/6)
+ CSMA/CD (4/5)
. 0dA| 3.3

E& O|HUof| M =|CH Mt AlZFO| 25.6 psEtH Z B[] =4 Zo|= Hntel7t?

- E0|
» ZHYHSE A2 Ty =2%xT, =512 ps
« EZF O|HY 10 MbpsOl M Z 2|2l =4 ZO|= 10 Mbps X 51.2 ps = 512 bit™

~ Il x| A Z0|E 64HIO|E
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7|8k 7= (14/77)

. 41 LAN (14/20)

« & o|HHY! (5/6)
+ CSMA/CD (5/5)

1. ’“Kﬂ N 7P A SR A M E[EF 57| fdl, Z4A WIS A|ZHHK]
KI_-I g CE> 7:” = OI- Legend
2 . XH x|_-I g Al 0 %\I _J|\_ % g 7 I' Al %I Tt : Frame average transmission time . Station has a
= K: Number of attempts frame to send
3. Holo| AlZh SOF CHYIE e 02

4. MESS 33 s

Wait Tg | Channel free?
seconds - P
[false];' [true]

Done or
- collision?
Transmit [false] -7
g y
[true]
ollision
Send a [true] - detected?

jan_1ming .
signal [false]

Abort © Success

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 73
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7049t Z1= (15/77)
. S LAN (15/20)

- & o|HY! (6/6)
» THE

* 10 Base-X0{|A 102 Cl|O|E{ & E (10 Mbps), Base= H|O[AHE
AE, X= 1000/ £ 7il0|=2 2] =|CH ZOo|E 2|0/H
FERE olol®

- TE I:I|7chL1| UMM FeE MR

[ ]
neulm !
Tee

laxim 35

[ ) ) . ) (]
Tap E Tap
:
Thick coaxial cable
Maximum 500 meters
A. 10BASES

10BASE-TX Hub 10BASE-F Hub

. H-_u
d Tee
H
H
Thin ooa Cable
M:
B. 10BASE2

Characteristics 10BASES 10BASE2 | 10BASE-T | 10BASE-F

Medium Thick coax Thin coax 2 UTP 2 Fiber
Maximum length 500 m 185 m 100 m 2000 m
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7|8k 7= (16/77)
« 41 LAN (16/20)
« 15 OIH'—*' (2/2)

. tHé%' ME HEfE 2|, H (Stan)d HE SEHE AFSE
 BtO|E (half-duplex) Ezoﬂkl X=2 HEE S5 HEE
. 7‘40Ies (full-duplex) MZ0IM AIXIE S5l HZEH

- EZ& 0|t St E 25, CSMA/ICD #+3i8 FXIH

« X & M (autonegotiation)
A

« MO
. =40| M HAI0| EXHE H IS A0l HEE Fouwro} 2|Ho| S
2cE AENoR MEstE JIs
« E K|
-1 O
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Z18F Zl= (17/77)

M LAN (17/20)

A

0

—_
£ M 2H
- AtH mEM 7{[0|= (100 Base-TX)
- M5 70|= (100 Base-FX)
o | M
o H|XIH 1044 71|0|2 (100 Base-T4)

100BASE-T4 Hub

100BASE-FX Hub

100BASE-TX Hub

Character 100 100 100
-istics BASE-TX | BASE-FX | BASE-T4 [[5] === ;ﬁ "

Media Fiber
Number
. 2 2 4
of wires
T;VTPP r; i TgvTPp r; i our pairs lf IFourpairscl;f
MaXimum 3 pt b' p‘ b' UTP cable UTP cable
100 m 100 m 100 m & &
length
A. 100BASE-TX B. 100BASE-FX C. 100BASE-T4
Jeongmin Lee, Protocol Engineering Lab. 76
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7|8k 7|& (18/77)

« 41 LAN (18/20)
 7|7HH|E O|HH! (1/2)

« MAC BH|E

. 7(-|o|§ oc

. Z=0|

of K=J

912 (CSMA/CD7} AL EIX| 8t &)
- 70|=2 z[c Zol= Alo|Ed /= &= fFof ofal 2

o I:II-()|§ o

. SE0| Yo £ /2 (CS
Z|CH 4ol= =[a
- HIO|Z 7|t

* 9'”O|E

SMA/CD7} AHE2E)
el Zolof o|E¢Er

=
« MSH W (Traditional)

F?.'_
Ofm
>|

o P>

[ J

|kl
g [ )

o L

|H o B

TCP/IP ZEE =

=
o °
_|’T'_|
1ok
||=I >| -l

|>

=Y
1
o
_]lOI 0

(]
.~

10 ||:.|L:IIO| _;_|A _\—J_E.”OI 7Io|§ %xl
& (Carrier Extension)

E|°| 7I0|E 7<7|.A|7I

(Frame Busting)

gote Chal, OtE =odE otLhel Z 2l &=

24 -d
=

LH
|
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7|8t 71= (19/77)

« 744 LAN (19/20)
. 7I7+HIE Ol (2/2)

]
Characterlstlcs 1000BASE-SX | 1000BASE-LX | 1000BASE-CX | 1000BASE-T4

Fiber short- Fiber long-

Media STP Cat5 UTP
wave wave
Number of
) 2 2 2 4
wires
Maximum
550 m 5000 m 25m 100 m
length
1000BASE-SX Hub 1000BASE-LX Hub 1000BASE-CX Hub 1000BASE-T4 Hub
[£o] === [£5] [F5] === [T5]
wave wave
Two fiber Two fiber Two fiber Two fiber Two pairs of Two pairs of Four pairs of = p"rlslf"
pt cable pt c cable pt cable pt cable STP able STP able UTP able UTP cable
A. 1000BASE SX B. 1000BASE LX C. 1000BASE-CX C. 1000BASE T4
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7149t 71= (20/77)
+ S LAN (20/20)

* 10 7|7HH|E O
» T
- 0|5 EH=0 M2 SEE (CSMA/CD7H AHSEIR| 2 S)

Characteristics 10GBASE-S 10GBASE-L 10GBASE-E

Media multi-mode fiber ~ Sn9le-mode single-mode
fiber fiber
Number of wires 2 2 2
Maximum length 300 m 10,000 m 40,000 m
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o|{H! (IEEE 802.11)
£ E A (Bluetooth) (IEEE 802.15)
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7|8t 7|& (22/77)

« 2M AN (2/21)

« =M ol (1/16)

« AE (1/2)
- 7|2 MH|A ZE (BBS, Basic Service Set)
o T™E|HL O|E £ M X213 HMA ZQIE (AP, Access Point) 2 T A3E
- AP7| Q1= BBSE S&|A#% (Stand Alone) U ER3I 2 CHE BBSO]
ClolE{E MEE 4 ois
- O|E OHE= (Adh ) X
- AP7} Q= BBSE 7|8t X

BSS: Basic Service Set
AP: Access Point

J J I I

ot §
(Infrastructure) HIEX|Z 2t & &

Station Station Station Station
<ﬁ <Q ég AP<§7
Station Station Station Station
Ad hoc network (BSS without an AP) Infrastructure (BSS with an AP)
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7|8t 7|& (23/77)
« 2 AN (3/21)

« =M ol (2/16)
« & (2/2)
- B & MH|A EEl (ESS, Extended Service Set)
+ APE 7tX|E = 74 0|4 2| BBSE BHS O
« §M LANQI 24t AAE] (DS, Distributed System)2 SsiAM HAZEE

ESS (Extended Service Set)

[ |
| Wired LAN |
| |
l . |
I N |
I X |
| Server or |
| Gateway |
| |
| / \ |
[ |
S Y e
AP AP AP

L/ &N N N
A NS NG AND

\ \ / \ / / |
| AN AN N P
I N > > e |
l |
| |

e - e — e e - —— —— —— —— —— — —— —— —— —— — —— —— — — — — —
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7189t 7= (24/77)
=AM AN (4/21)

« =M ol (3/16)

c XIZ /S

. OlE Mg 7|8to =2 Al 7HX| S &0|

« 2 0| (No-transition)
T 7H0|7HLt 8 BSS LI AMEF 0|3 0| 7S
- BSS-70| (BSS-transition)
. ?I:H‘%! BSSO{A{ C}& BSSZ 0|S0| 7t s36tLt, 8t ESS LI ABH 0] & O]
- ESS-T0| (ESS-transition)
« StLIO| ESSO|AM CIE ESSE 0| & = /U3
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7|9 7= (25/77)

«+ 2M AN (5/21)

« =M Oo|HH! (4/16)
« CSMA/CA (Carrier Sense Multiple Access with Collision

Avoidance) (1/5)
. CSMA/CD T¢10] 022 O|&

e xMadoz OIOH |:1|O|E1 sS4l 5= A
FR|S

_ 11—

_ = sl

o=
. II 7._P 7-IEI7F DH FARAE SN -2 habogel
== |
A

ﬂlﬂ

A (=2
TAAI:I

&A% 2|2 28: M HEXZolM
E SN iy
25 5 Alof CIO|EIE H& e 2
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7149t 7= (26/77)
« &4 LAN (6/21) R @

‘Iz : Back-off time
DIFS: Distribute Interframe Space

- T Ol (5/16)  |Fas o
» CSMAJ/CA (2/5) T e

=EXF s =
ST =25
WaitTBI
seconds

Carrier sense

CTS received Iﬁ
before time-out?

Wait SIFS
Send
the frame

Set a timer

Transmission

ACK received
B < limit? [true] j .
2\\ [false] e before tlme-out'.l?ﬁ
[true]
Abort Success
Jeongmin Lee, Protocol Engineering Lab.
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718k 7= (27/77)

« 2M AN (7/21)

« =M ol (6/16)
+ CSMA/CA (3/5)

-+ T WE AlZHM

1. A X|=2 MHO| A 7SS g
DIFSEFE 7|CtEl &, RTSEl= A|04
zoede B

2. RTSE £=AI8t =41 X|=3 2 SIFSTHE
7|Ct2l & CTSEl= Mo Zy|ele =M

3. %*tHI Xl=2 SIFSEFE 7ICt2l &, Cl[O|EE
HL
R N o |

4. Al X222 SIFSTHE 7|Cl2l &, HI0|EE
A ghotct= &l 8 (ACK)2 EH

Source

Destination

I

RTS
A
SIFS
\i
[ CTS
SIFS I
Data
y SIFS
v IF
ACK
\j \j
Time Time

TCP/IP ZEE =
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7|8t 7|& (28/77)

. 2 LAN (8/21)

« =M ol (7/16)
+ CSMA/CA (4/5)

- HE

1.
2.

3.

23 &g HIE| (NAV, Network Allocation Vector)

eF X|= 0| RTS Zode 2 ], Ai'd MR ol e AlZhE Z&stoq &

&, =4 X|[=2 M LIEF LHHX| X|=2 NAV EfO|HE 488
AMEo| AHE ’°°|II 2015t 7| T0d| NAV ELO|H7I BRI =XIE 7.=W?=.F
. NAV EFO|HE SaH A0] AH SQIX| 2QIst7IM x| AlZte &

Source Destination

All other stations

DIFS :1:

4>
o

Isms
SIFS I NAV

[ 0 (No carrier sensing)

Time Time Time Time

TCP/IP ZEE =

Jeongmin Lee, Protocol Engineering Lab.
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7|8t 7|& (29/77)
« 2 AN (9/21)

« 2 M 0o|HU (8/106)
« CSMA/CA (5/5)
.« SHE M|0|Z! F7]| (Handshaking Perlod)01|k|9-|

« RTSL} CTS Mo Z|lo| MEEl=
3Lt 27tsE

= =of ZE Q|

— O L=

« WM I (Backoff)' MEFE A& 501 CTS ZE|HE UX| st S=0|
df MUt JHg e
 EHH3} (Fragmentation)
. ol
- Clo|E miZlg ™& &30 #AH &2 ZZ4ER LiFe ™
e IL|IO A
=241 O
- FMEE2 S0l BT o, &4 F Zojlg HHsstod 2 ZollJEC &2
zde = MTSsis Hol EE2XMY
HoT ZES WAL BE =
MHsES =Hst7| flsl At8st=
CHZ| oHAHLIE
TCP/IIP Z2EZE
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7149t 7= (30/77)

. 2 A LAN (10/21)

T O|HHA (9/16)
- LR FA] (1/2)
- X2 X|0o{ (FC, Frame Control)

C ZPY B Y UL Mo HEE Holy

 7|ZF (D, Duration)
Oltl % 2 -I -I=|.h .|| |.2 |= s | e X |%I-
- QUHtMO 2 NAV Z2 st=0 AAS Ll ME 7|7te Eeld
2 bytes 2 bytes 6 bytes 6 bytes 6 bytes 2 bytes 6 bytes 0 to 2312 bytes 4 bytes
FC D Address 1 Address 2 Address 3 SC Address 4 Frame body FCS
L |
I
Protocol To | From | More Pwr | More
version e Buliibfee DS | DS | flag IRty mgt | data EP|| Rord
2 bits 2 bits 4 bits 1bit 1bit 1bit 1bit 1bit 1bit 1bit 1bit
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718k 7= (31/77)
« 2M LAN (11/21)

« M O|HY! (10/16)

. ﬁal%l G4l (2/2)

« =4 (Address)
- 6 HIO|E Zo|o| 47| =A ZE=E 7} &

&= M X041 (Sequence Control)

& Mojofl AAZEl= Zhol e M HEE HolF
- Z| FA| (Frame body)

e FC -‘-’-“:0'||A‘| x-lo|o|- JC-II:IE IS 3:'

* FCS (Frame Check Sequence)
- 4HIO|E 37|2 CRC-322F 4

ME Z&d

1>

>
=
=

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 90



7|8F 7= (32/77)

2 bytes 2 bytes

- Zo|E 7S

e X

. O

6 bytes

=M LAN (12/21)
=M O|HH! (11/16)

6 bytes

MEE R

- 22| T2 (Management Frame)
.« X|Z2E1 APZHO| X7
01 Z &4 (Control Frame)
. Aol M2stm =
O|E{ 2l (Data Frame)
. O|o|E{e} Ao

S4lol ALESE

g =HQISE st Ol AL S

=

Li= ol ArEE

4 bytes

FC

D

Address 1

Address 2

FCS

2 bytes 2 bytes

RTS

6 bytes

4 bytes

FC

D

Address 1

FCS

CTS or ACK

Request to Send

1011 (RTS)

1100 Clear to Send (CTS)
Acknowledgment

1101 (ACK)

TCP/IP Z=2EF
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718k 7= (33/77)

+ 2 LAN (13/21)

« 4 0|HY! (12/16)
o A KA
« FC ZE9| To DS2 From DS 27H2| ZeH2 grofl 2t Wl 7F K|
A7l Mo|=l
- Z2 BSS LHA| /= K|S Zhol SAlstE B2
. DS2RE T te He
- DSO| T2 Bl 8%
. C}2 BSSO| Q= X|=2 Ztol SAlstE B2

Address 1 Address 2 Address 3 | Address 4

0 Destination Source BSS ID
0 1 Destination Sending AP Source N/A
1 0 Receiving AP Source Destination N/A
1 1 Receiving AP Sending AP Destination Source

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 92



78k 7= (34/77)

« 2 AN (14/21)

ey

O|H! (13/16)
- 579%1 X[= & Al (Hidden Station Problem) (1/2)
x4

« FUUHELINM = |7t MZo| dEE AXI5HK| Xoli SAlof CIO|EHE
MEsicdil AlE M Edste =X
. 04IAI

. X|= B7t X|= A0 HIOIHE HE &Y
S0 otL|2tl EHHstod AolA| Clol&
2= HIo|HE

2. X|= CcE N7} AlS
3. X|=2 A0M X|Z B, CE—'T’—E-I

B and C are hidden from

each other with respect to A.

=
=
SAlof =250 S=0| L dF

Range
of B

Range
of C

J J) <

TCP/IP ZEE =
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7|9 Z1= (35/77)
« M LAN (15/21)

« &4 O[HH (14/16)
- 574% X[= X (2/2)
- s et

+ BEA0l3 Zajel (RTS, CTS
otofl 97| =20l CTS HiA|X|

Time Time Time

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 94



7|8 7= (36/77)

=M LAN (16/21)

TCP/IP ZEE =

7M™ o|HY! (15/16)

- £ X|Z X (Exposed Station Problem) (1/2)
. X9|
O
- Bt HXI7HCIOIE M& S ARHE M, CHE FR|7H T
ME2 SEREH XHAZIE 4
. 01IA|

C is exposed to transmission
from A to B.

Jeongmin Lee, Protocol Engineering Lab. 95



718k 7= (37/77)

« 2 M LAN (17/21)

- 74 0|1 (16/16)
- L EF K= =X (2/2)

« SHE H|O|3 =& o|&
1. X|=2 A7} X|=2 B2} CH|H RTSE EH
2. X|=2 B=ECTSE ELHD X|=3 C= CTSE ELHX| &S
3. X|= A= O|O|E{E X|= B2} COo|A £
4. X|= Cce O|o|E{E DA ELHE{T RTSE & &
5. X|= A0 7l @= HIO|E{ & QlaH

X|= Dol CTSE ZX|E £ gig

6. X3 C= X|= A7} O|O|E| &A1&

&
Oy

DolE MR = EE NEIZ H7HE e
<\
|

A
Time Time

Data L — |

/\
y \

A J
Time

Collision
here

A J
Time

C is exposed to
A's transmission
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7|8 Z1= (38/77)
=M LAN (18/21)

- EF 5 A (Bluetooth)
. o
- ME CIE 7|52 7IE EXIE &sH7| flsH A= 74 LAN 7|=
. EX
+ OIEF HERI FZE 7HE
« 7H¥ (Gad et)OIELT'_ 22| ¥ x|50| MZE FolLio] m|F L
(piconet)O[El= HIEXIE HEE
« E&EOHO|M= HO|Lt HA 2 FAHoi A 5.3PE 721 ¥ HE
23 (PAN, Personal Area Network)E Ty
S

« I|ZY (Piconet)
« AFHE{H (Scatternet)
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7149t 7= (39/77)

« £ LAN (19/21)
« EFE A (Bluetooth)
. I|Z Y
. o
- EFFAV|IE ZEEE S N800 ZR|E AZsts HAILIESZ
- £

Lt2| == (Primary)2t Z|CH 77H°| E= (Secondary)2 7+ &
P *OE 8712| 30| HF = &El (Parked State)0ll A2 = UF
20 Z27to| EAIL al.rl-& E= Ql.CH-CI2 o|F oA

© o
4>| o 02 i =

| Piconet

I_Secondary Secondary Secondary
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7|8 7= (40/77)
« =M LAN (20/21)

- EF 5 A (Bluetooth)

. A?HE—IL—'"
. B9
- FIjoMdo maYoRr TMEIQUA| HERT
. S

Secondary

Primary/
Secondary Secondary

| Piconet

e e e e e e e e e e—— —— ——
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79 7= (41/77)

T4

LAN (21/21)

AL

72 bits

=524 (Bluetooth)
E.” (I):I 34 A|

- MZ I E (Access Code)
- s7|HIE, I|ZHE FHE5 7| <

[ (Header)
. 37HO| Eolst

O = L
. MUl =

G| O|E (Data)
. N9l ABoRRE @

54 bits

e &
18HIE HHE 7
1w’ (FEC, Forward Error Correction) 2]

= O|O|ELl Mo EE7I &0 /U

0 to N bits
P— Headersubfields | 48
Address 1828 7 K| S| FLE Holg
N=240 for 1-slot frame _
N=1490 for 3-slot frame Type AI'Ol 74' | E"OlE'I -ﬁ-%‘% Xo-l_g_llszll-
N=2740 for 5-slot frame
l F ML 7HS &2 ol0jste TE
A Ol SEE 2l A8 s 2=
Address | Type |F|A|S HEC S ARHA HS E LIEHLE ZE
3 bits 4 bits 11 1 8 bits HEC o= ZXIE et AMaMd =
This 18-bit part is repeated 3 times
TCP/IP ZT2E =
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|2t 7= (42/77)

- H-CH-H F S &Y (Point-to-Point Wide Area
Network) (1/16)

. = RIE 7to| M8 4 Y38 A5t ClOJEIE Foart

4§x4 ol ool y|&

» DSL (Digital Subscriber Line) 7|&

- 70|58 2

. T-3|M

« SONET (Synchronous Optical Network)

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 101



7|9 7= (43/77)
3

. M-CH-M Zod S 41T (2/16)

—

« 56K 2 H

- Y2 (Uploading)
. WEZ0|M ORI MBS M

o i
- TSHR ZH 7|

mE oo A MEZSHor 57| MEol, 2T ST = 33.6
ps/t er’/
. CI2Z Y (Downloading)

e AHZIZ 2|

HEZo| 3K 2kot, 56 kbps7t 8HH &
™3l SIAbOIM ME B 8HIEE AF25t04 OiZ 8000 A
HIEE Mo{&2Z A2 Z|0{ 56 kbps 2|

— ) S
ME&EsT E JHE
-_O 1 L= =
here limits communication

l |
I PCM [T1 [ Telephone [T1 [ [T1 [ Telephone [T1 [
| > I ] network u L] network ]
L
C 2 ISP server ISP server

>

rol

Uploading,

quantization noise
Modem

=

TCP/IP ZEE =

Downloading,
no quantization noise
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« ADSL (Asymmetric DSL)

« SDSL (Symmetric DSL)

« HDSL (High Bit Rate DSL)

« VDSL (Very High Bit Rate DSL)

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 103



- H-0h-H 8 ST (4/16)

- DSL 7|& (2/4)

« ADSL
° gxl
« ot &E (Downstream) S =7t & LE (Upstream) 2L =2 £ &
NS
« Downstream: 500 kbps0ilA 8 Mbps
« Upstream: 64 kbpsOlA 1 Mbps
« XE REO|CfHEZ EXSSHH LIS
. Ot7§01|k| MEStE AEXES {oH MAEIIeH HF erdol= Mefs5tHK|
Ls 3

Voice Upstream Downstream
NOt [ I B ] [ B B
used
Channel 0 1-5 6-30 31-255

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 104



- H-0-H & ST (5/16)

- DSL 7|Z (3/4)
. ADSL

« ZH]
- ADSL &
- ALEXEQ jc'0|l—P At Alof 4 xIE|01 TSt M(PSTN, Public Sw _tched Telephone
Network)S & aH ISPERE| 22 CIO[E| S CIXIZ A5 2 HEts) 2 S E{of et

« DSLAM (DSL Access Multlplexer)

. ISP B AT A Sol /xI5HH DSL A2 E HZOZ HEstof QlEHoR Bk

Telephone company office Customer residence

To telephone
network

|
| - |
I
| |
|
: |
To the | Data @ |
< |
Internet : |
| |

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 105




|9t 7= (47/77)
e M-CH-M & S 41 (6/16)

- DSL 7|& (4/4)
- 7|E} DSL 7|&
. SDSL

. Ho
« UELCQLCIREE
HDSL
. Ho
e T-1 3|ME CHAISZ| 23l 7=l & CHEIEE DSL 7=

VDSL

. B9l

- B2 HeEloMH =2 dS S22 A

s

Eol sYe cHEE DSL 7=

OH

st= H|CHE DSL 7=

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 106



7|9 7= (48/77)

munity Antenna TV)7} &¥&=90| A E
OlEE S5 SSHol 2

TCP/IP ZEE =
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dt 7|= (49/77)

° E'r—l' -

- 7i0|=

+ HF

C

bE

M &3 sS4 (8/16)

1

(2/4)

(Hybrid Fiber-Coaxial) U E 3 (1/3)

N
o

.+ 70|12 TV AFR A0IM Z P =E (Fiber Node)HK|= B MR E AL E
- R LM IHEIMKIE S5 7022 AL H
o

- LT SMo|TtsE

TCP/IP ZEE =
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7|8 7= (50/77)
« M-CH-M & S4I (9/16)

- 70|82 2 H (3/4)
- HFC HIE 3 (2/3)
. CHO
- 584 i (Video Band)
« 540X 550 MHz2| Fut+& &} X|&
« TV A'd StLE7t 6 MHZE AFX[5H04, 807H O|&f 2| R{EE 7IE = AU
- o}&F O|O|E CHA
« 5500i| X 750 MHz2| & 2| CHAES AL &
- e OOl CHA
« 50{| M 42MHz 77} X[Q| 5t %] CHAS R X[F

o JH:I

Dlo

Data Video Data
upstream band downstream

Frequency, MHz 5 42 54 550 750
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|82t 7= (51/77)

- -CH-& Zod S A1 (10/16)

- 70|& 2 H (4/4)

« CM (Cable Modem)

I AP G S0 =PRb=

« MCTS (Cable Modem Transmission System)

From
head end

To and from
the Internet

- HiF 3{E Lol 71|0|2 E[AL7F EXISHE
Cable

Distribution hub Customer residence

____________________________________

___________________________________

TCP/IP ZEE =
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|8t 7| (52/77)

« M-CH- &3 S412 (11/16)

o -IO|
o —
- CIE 3 M A2 Half dAE E& C|X[E & AH]
« E K|
=
. QIEUIO 2 CIO|EE H& 7| 25 AR E £ S
« 3 SAMLY L E AO|O|M 2 2[Hel AZ 2 X|S35H7| 2o
Ned s
==
*STT
C T-1 B
e T-3 3|

Rate (Mbps)

T-1 1.544
T-3 44.736

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 111



|8t 7= (53/77)
« M-CH-H & ST (12/16)

« T 3|M (2/2)
e T-1 3| M
- O|O|E ™

. 1.544 Mbps_Ql ClOIE M&EES 7t

« EX|
= o

« 24710| S Mol Zt EES 8HIER C|X|HE £ 8 ME2IE

.+ T- 3§IH
- 44.736 MbpsQI GOl M&EES 7HE

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 112



(_I lS?, Synchronous Transport Signals)2t= 17|
2 Mo
S

, Optical Carriers)O|2t= & 4lF 2 P48H5t04

[Z0M =)
\d
Rl
OF
>
fol
%
_|

ClO|EE ™M&Ee

STS-1 OC-1 51.840 STS-24 0C-24 1244.160
STS-3 OC-3 155.520 STS-36 0OC-36 1866.230
STS-9 0C-9 466.560 STS-48 0C-48 2488.320
STS-12 OC-12 622.080 STS-96 0OC-96 4976.640
STS-18 OC-18 933.120 STS-192 0C-192 9953.280

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 113



718r Z1& (85/77)
.x-_EH_I- |'C£|I %Al_' I'(14/16)

* PPP (Point-to-Point Protocol) (1/3)

- T LHIESZ Ex[ ZF CIO|H M&EE AMojstn #HElsteE Z2EZ

|
- E2i3

- PPP Zof|o| BH|E LIEtLMH, 011111108] 442 7HE
o =

- EY FAE ISR EREIHAE FA 111111118 ASE (H-0i-H

SAo|E R, 7HEAMQl T4 X|HO| HReI8)

« X0

- HDLC Z&{| =& 7|¢t2 2 510 110000002 2 T HHF T AHSH
11111111 - : 11000000

- Flag Addlress Corl1trol Protocol Data and padding FCS Flag

1byte 1byte 1byte 1 or 2 bytes Variable 2 or 4 bytes 1byte
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|82t Z|= (56/77)

-OH-H H S4AIY (15/16)

- PPP (2/3)
- R HAl (2/2)

-iEE%

 ClolE] EEo|M ME5t At 5t= C|lo|Ee 82 Halgt
. O|O|E

- AF&XHOIO|E 52 MEd
« FCS

« OQF AEE Y ABEIE=E U

11111111 =eeeey +-11000000
g Flag Addlress Coﬁtrol Protocol Data and padding FCS Flag
1byte 1byte 1byte 1 or 2 bytes Variable 2 or 4 bytes 1byte

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 115



|2t 7= (57/77)

« H-CH-H & S&Y (16/16)
3C:>|

- HEQI X Z2EZ
- PPPO| 8 E MSSIEE #7EE|0q, IPE X &dt CIE HERZ
ZZEZZFE Qe IO|IHE MEE = UESE &

=
 PPPoE (PPP over Ethernet)
« B ALEXIIF SR 2R TMetdE Sl QIE o M&58t7| I8
A 7| =l
=
. QIE{Hlof A=l S AEQ| O|C{Y TAE 37|

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 116



= (58/77)

7|8 7|

IO

A
Al

Jeongmin Lee, Protocol Engineering Lab. 117

2|2 7| (Frame Relay)
 ATM (Asynchronous Transfer Mode)

=
=

o 1L

* X.25
2E

1L

TCP/IP



7149t 7= (59/77)
S Alak (2/11)

« 1970'ALCH O 7HHE*E_: z.';_I ol IEE WANS Z, 72l HFE| =
Sl 8

LANO|| M&53517 =
« E K
-1 O
« ZHIE 27 KOo{E £=3lE
. CI2 o EAIL J|&0ol HIEH, LHFET} = B JHE
c IPEZZEZN SE0| ghAlis
« QL JHO| AP E|X| S
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o
« =2 OO MEE
« T-3 3|M7HX| Mo 7bs8HAH F34%[0] 44.736 Mbps7H K| = K| E

H A

7|8k 7= (60/77)
& A (3/11)

o
— (=

E| Cl|O|E{ (Bursty Data)
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mE R ek AlOF M. M HES oEtE|=
FULET TR SUT (4/11) SR a7/ 58 Hojet e
« ATM (1/8)
e JHR
« ATM ZHO|M A S, ITU-TOl 2|5l RHEHEl & S7| (Cell Replay)
TZ2ES
e E Kl
- O

« A" HEL|3 (Cell Network) &

« OlO|E{7} 2t o S 2L EE 71X ChEst & MY 7hs

- HS7| A7t 2 CHS St (Asynchronous Time-Division
Multiplexing)& O|&35t01 MZ CIE AE0M E0{2= HE

sL S
CtEst &
- M 37|0| ™=
ABRS O|£zél-
= A = [ R =
A = A!\| | CERCREC R N BCBC mC .
T B o
3|| Cal“ c2!” c1!|/
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7\HJ 7|1& (62/77)

. ATM (2/8)
. AKX
- NEE UEQIZR, FC & x|l= HEYT LR Q= AQxIE
Soll 2=
» AQRIE2 & SH A'DE 0|85t0 M= AZEE[0] US

End points

Switch Switch

End points
Switch

End points
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|8 7|= (63/77)
AMak (6/11)

—

A2 (TP, Transmission Path)
- HEQIF oM 22X H2E ol0|stH, s &
MEE

- 7t4 B2 (VP, Virtual Paths)

« Ct=o| 714 3|ME Z 86, &= WE7|zHe

HAQ = HAZo| REte A3E
« 714 3|4 (VC, Virtual Circuit)
. S 7h4 3|40f mat B HAIK|o] &5, Mo
Helel =2 =3

This virtual connection is uniquely
defined using the (VPI, VCI) pair:
(14, 21)

""""""""""""""""""""""""""""""""""""""""""" VPI=14 VCI=32
VCI=45
TCP/IP ZT2E =
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e N &34 Ttod E AjOt (7/11)

- O O 71 O
« ATM (4/8)
« 7t 44 (2/2)
« 7

- 7t 3|M —!'%'IP (VCI, Virtual Circuit Identifier)
%I:I=|3|- VCE x4 O|o|'

e 7} 442 vPIQE VCI B15 0] o5l A E
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- WEE EH ST (8/11)

S TE (1/4)
25

& H S (AAL, Application Adaptation Layer)
. ECtoll olaiAlEt 0|2

. B Lol 9= 2% RET|S0lM 0|]E

. B Lol 9= 2% RETIS0lM 0|]E

Upper layer Upper layer
(such as IP) (such as IP)

AAL AAL
ATM ATM
Physical Physical
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- MEHE ol SAIY (9/11)

= X (2/4)
S8 Mg B0l o9
« &2 AHSoA HIOIHE M&S g n™HE 7o ATM A2 of &
+ AALSE QIE{HIoIM IP IHZ! ME S +AF
« SEAL (Simple and Efficient Adaptation)O|Z2I & £ &l
« 65535 HPOIEHEP S o A= H*or M, 8 HHO|EZ L}+0{ HO{X|= & mEl5t
A8HIO|E CHe| MO HE 2 ATM AlZ 0o MEHs

User data up to 65,535 bytes

| |
I I
A ! '
I I
AAL1 AAL2 AAL3/4 AAL5 A Pad+trailer
l
ATM layer - ‘ ‘ ‘
5 48 bytes 48 bytes e 48 bytes
Physical layer
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e 74

= X (3/4)
+ ATM A& 2| 318
. O}2El EfiT ptE|, I CFE MH|IAE XZ2E

e 48HIO|E M|ITHEE HiOlA 5HIO|E o‘|||__:|§ Z 71504 53HI0|E A2
HE S D QIR Z LIZIE B ERfEE X2|E
- SHO CHEE2 VPIZH VCIZt RE X[ E

From AAL layer 48-byte segment
I
A
' Header
T 5 bytes
M I I
| 53 bytes |
Header
VPI VCI
= | Payload
Label
| 5 bytes 48 bytes
| 53 bytes
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- WEHE Zod 41T (11/11)

& T (4/4)
. 22l ABol Ag

. S i, HIE T8, 22

= ’ st
. SONETI} T-3Z2 22l ®&g 5
- HIE 8¢ Mol 5802 EHY| /8 DiFLIE
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- 44 & X[ (1/9)

« iR
* LAN O[L} WAN2 1 EZ|0{ AISE|X| i1, MZ @440
4 74Lt OIE-|'-*'01| HAAE|0] UZ
 LAN === WANO|| 238t7| 2l 214 B RIE AISE
« S5
- 2|I|E| EE= §{E (Repeater or Hub)
- HE|X| EEE= 2AHIE I'L§|_|'7| (Bridge or two-layer Switch)
- 2} RE EE= 3H|E L #7| (Router or three-layer Switch)
Data link o twoﬁ;%gfswitch Data link
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L EX
- O
. 22| A& O|o|E{2I13 Ao S&HE
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e A O
o —
AN |. IEE =X .” |E .|| |.EX-|O HEI;|'= ‘l|.7C-I SEA\VS E=H
= sl 37 CF=L —
CIOIE{E MMst TEZ MESE 22X
i J—l- Gradual building of Table

o !

: Address | Port Address Port [

: 71:2B:13:45:61:41 1 :

: A. Original B. After A sends a frame to D :

| |

! l

: Address Port Address Port Address Port |
|

: 71:2B:13:45:61:41 1 71:2B:13:45:61:41 1 71:2B:13:45:61:41 1 |

| 64:2B:13:45:61:13 4 64:2B:13:45:61:13 4 64:2B:13:45:61:13 4 !

| 71:2B:13:45:61:42 2 71:2B:13:45:61:42 2 :

: 64:2B:13:45:61:12 3 |

| |

| C. After D sends a frame to B D. After B sends a frame to A E. After C sends a frame to D :

L ]

Bridge
1 l/\, 4
2] I3
71:2B:13:45:61:41 71:2B:13:45:61:42 64:2B:13:45:61:12 64:2B:13:45:61:13
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- 34 X[ (9/9)
e 2} 2E (2 /2) Totte restof et

Ten-Gigabit LAN

micge | [~

<///°//i :

« MSHQEIREHED O HEAH WS A5t ME|stod MEE + AUS
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Thanks!
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