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Medium Access Control (MAC)
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Access Channel
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MAC Protocols (1)

e XFTJO—FFvRAMF¥RIL
— ARD/—FHhoDEHRRFRBE: TIEDORE
— BHOUVITFIVERBFIZZETSH BEORE
o Y7 Medium Access Protocol
— 120D /—RHEIETHH. mEERTIEE
— M/—FHhNRIET HE. FHEERR/MTIEE
- EENE
- BIEZREITLIENG/ —FHAEFEELIEL
- BFREIREH. RAvrREIEAZFERLAL
— Bl
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MAC Protocols (2)

3D D
® Channel Partitioning
— FYRILFINSHIE—RJ(BRA LROYE, J5E ., 3—FFH)IZHE|
— M FIAED=HICE—RE&/—FIZEIYH TS
® Random Access
— FYRILBRBI SN THRITNIEERAREEZTLED
— fEIEEMLDMEIE
® Taking turns
- &/—FHBEHLDIEEFEZED
— BLDT—REES/— B EYERWVEEZEFD
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TDMA (1)

® Time Division Multiple Access
— FYRILIZIEZEIZT VR
BARAT AT H 324 LAY E]
FAT— AV FBEERORAOVAERS
 Length = {52~ D@ {5 HFHE
BEHDOAOYTIIL—LEERK
BImKRIIFEDAOAYLEEHT S

fEHiENRAYRE
TARIVIRREIZLTHS

frame (N=8) s
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TDMA (2)

® XOVrDIEREMEMN
- HENZEEL
o HIH>TEEEMNIIYHTTHEL
- BIMBEIYETIREH
o BIRRICHEHALGHELSDLE
o [t [E]HA
— BFEZEEEZECLTROYNEESE
— BIHKRERAYTFY /—FRITOEMRBIEANE
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TDMA H5 ATMA (FEX)

® TDMAITEAT VA FHMELTILLFIASNTLNS
— ZEEMTERMRIZEMTHS
— MREFRIITES
— TDMA [FZLDEFZTHRASIN TS

« Based on STM (Synchronous transfer mode)
« RIBFBERVNI—VIFHRELFAINTLS
® TDMAZ LANTOEETHERI D ITHE
— BimROFHEEEAZREETSEL
— IWRMER I AFEHEZTSZRIC TR T HIENEHELZN

e ATMOHIR
— LANTOBEIZELTLS
— TDMADKSIZZEILZRAWNTNNIA—I U RIZERZHTTLNS

- FFRIEBEE—F
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FDMA

® Frequency Division Multiple Access
— FYRILARG RS L% frequency band(Z5El
- BRT—I3avI(LEEfrequency bandZ#D
— frequency bandD{EH N TUNVEWEFRIE 7 AR JLIKEE
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OFDM

® Orthogonal Frequency Division Multiplexing
o RHDEFETIUZILEEIZOFDMEFIAL TS
— M EFTORILTLERGE(BAR, EV)
— ADSL & &FET A
— #E42LAN (IEEE 802.11a/g/n)
— WIMAX (IEEE 802.16d/e)
— 4G
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TORIVERR D RE

o TURIEKHR: EHRRIESTDIDND/INTA—3%ERE
- A, 0, f,

s(t)=A-cos(Qx-f -t+6
. sEEOTIANEE 27 f. t+6)

— ASK : Amplitude Shift Keying
— PSK': Phase Shift Keying
— FSK': Frequency Shift Keying

® OFDM [ZASKEPSKZ {3 A
— Quadrature Amplitude Modulation (QAM)
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Symbol Waveform
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AARDM EETO2ILIRE (1)

® Integrated Services Digital Broadcasting for Terrestrial
Television Broadcasting (ISDB-T)
® 2006FICENEARTYH—ERZH
— 201MEE: 7HaTBuERT
® 5.6MHzDHEF13MDOFDMtEY A2 b~ E(~430 kHz Frig)
— HDTV or SDTV: 12 £5 Ak
— Mobile TV : 1 €5 Ak
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BARDM LIRT O2ILHE (2)

ISDB-T ISDB-Tsg
Audio Standard television Audio
High-definition program program (fixed reception) Audi program
Standard television udio Dat
Audi bil . program ata,
udio program (mobile reception) e
' ' } }
mr 1 mr r 1 M mr—
Data
segments
(_1>0F DM segment DQPSK segment ..
Transmission
spectrum
<—5.6 MHz— > <—5.6 MHz > <> <>
4.30kHz 1.29 MHz
Partial reception I

Terrestrial digital television receiver

NHK public paper: http://www.nhk.or.jp/strl/publica/bt/en/le0020.pdf
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Random Access Protocols

® /—RFMEENTYNEE DO
— EFVYRILTEELIZEZDIEIEER
— B/ —FENETNADELINY Y TIILAL
— GO oDEAKEMRE:.SOXFToTT
® 2DLIEMBEIE = “E3E”
® Random access MAC 7O I~:|)l/0)‘—‘|¢#1iﬂ
— BERBEMDAE
— BXEEEDAE
e JOrI /LMD
— ALOHA
— Slotted ALOHA

— CS MA central station
- CSMA/CD
« CSMA/CA
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Pure ALOHA (1)

® FEH

— INTAKRZED ALOHA system ThAH
— 2D M EHREIHR
« ImE-> 7RAX (uplink)
« RAR-> K (downlink)
— 2DDEBREROEFEAXEHFE
® Il
— BImRI(EIRILIZENE
— WRIXFEET—INHNIELTCITEE
— ZEBIIACKEHIE
- ACKBE{KIZEZET BT LIFAily

« ACKA'RTT (Round Trip Time)FfEARIZI@>TIiEITNIL, /Ny MEZED
ATREED H D

— I\VOADTNIE
[0,K] TELER r ZH&E
e rPRICHEEZTS
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Pure ALOHA (2)

o &z

- SUH LEEOSEE. Bt
- SUHLBEEEDLSISEY S THNEEED L TEE

>
L=

vy
L=

O
L=

A has no ACK, determines

A has no ACK, determines collision, waits 0r and resends

collision, waits 3¢ and resends
] \ ]
] v ] ]
B has no ACK, determines \

collision, waits ¢ and resends B has no ACK, determines
collision, waits 5¢ and resends
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Pure ALOHA (3) — 585

® BimERMNBILMICATATIZTOER
— BHRFLETIELAARDE=OH. EEITEL
— BFEIXRATLOERILIZENS
o EIENLZHEILMELILEEIZFIHKT
— ImAREDIEM
- BIEEDEM
® /\VOA I
- K
— HERICEE TS Z5H/\5A—4
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Slotted ALOHA (1)

® Slotted ALOHA
— pure ALOHADOH R
- BERBZYMLAOYNNISE
— WARNODBEETFALAAYMIEHLES
— “systematic order”
— BERT7IVERADEERZRAAVEDFHREIC
- BEEBE VTS
— 148edE (throughput 18.4%—36.8%)

Information Network 1 /2012

21



Slotted ALOHA (2)

® Basic idea:
- 27L—LZFRILYAXIC
— BRZEEHYAXADROYMNZHE
- F/—FEBEROVFDOREIBEFZIZDH T —LEREZTHIRTES
- &/—FIZEHALTLVS
— 22D/ —FHAEICRAOYFCEREZBIR LB 2@ 2R A 40
— ROAAYVIHABFETIL—LZTELED

B’s frame is vulnerable to any
frame starting within this period

7777777777777777777777777777

delay until next slot

()

G

V)
=

delay until next slot

U

/

L=

|
* Collides
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Pure ALOHA vs Slotted ALOHA

o Fhht, HEEIXTUSN LIEEEEFES

® Slotted ALOHAIZEZEIEREZ TI(T5
— JL—LEEEBHESI-F:

* Pure ALOHATIE I CISEEEN. AID/—FNEDEFITEELTULVD

L—LZHIETHIMELNLL
« Slotted ALOHATIL., b DFH#ETL —LFWIET HhELN L
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CSMA (1)

® Carrier Sense Multiple Access
o EETARNATATIZHLBAFERATAEIABRB(FrITE
2 R)
— FEHhNTWVETNIEELITEE
— EEEEDEO . GRIEET EMBLNALGL
— RTTR2EE ORI DIREKRAEET HEBRMNIESD
« EEEAREERISEERENEKT DEFHE
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CSMA (2)

o Ty 7(MEER)ZHRELI-ZE
— 1-persistent
« channel free: 1=1=6IZ1%1E
« channel busy: 1% (S
— non-persistent
« channel free: EbIZ%(E
« channel busy: 4 LBREI&IZEE
— (slotted) p-persistent CSMA
« channel free: FERpTE(E
e channel busy: RDAOYRTTZILT) X LEHEYRT
o EEFELRF

- U LBREBFHRER. BUATAT7IZERD
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CSMA (3)

® CSMA[F2DDHHEZEHFD

— Collision Detection (/CD)
o T—HRIL—LHAERELI-CLEHERTES
 Ethernet 802.370ra/LD73)—TEH

— Collision Avoidance (/CA)
« FRlGEIL—LZEFRALTTF Y RILZTH
o T—HAIL—LIFERELEGL
- ELZLAN 802.11 AR D7) —THEMR
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MAC Throughput Performance

er packet time)

Y

Q
o

hroughput
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S

oy S S ==
N ® © o

0.6
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&
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0.01-persistent CSMA

. Nonpersistent CSMA
— 0.1-persistent CSMA
| 0.5-persistent
~— CSMA

B Slotted
— ALOHA
— 1-persistent
» Pure ~+ CSMA

»~ALOHA

I I I I I I - S | |
0 1 2 3 4 5 6 7 8 9

G (attempts per packet time)
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Taking Turn MAC Protocols

e MACTBRFIILDF¥HRILHE:
— BEATOFYRILAEEOEFEZH®E
— {BE& T TILIEXNE:
o FYRILTIEREE
« 1DDT7IT47/—FIZxL1N OFIEEEH
® Random access MAC protocols
— K& TIEZhERM:
« 1DDQ/—FNBRRKRBICFYRILEFATES
- A
« EEEBOA—/\NYF
® “Taking turns” 7@ ka/L
— 2DWMAiE Polling & Token
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Token Passing

® 802.4 (Token Bus), 802.5 (Token Ring)T#I| F
® FDDIt Token Passing®—2 (EIFH-EEH)
® ik
- —TEFIAT/—FREZ, =D E)
— = EMBLTWAS/—RILEETTHEE
- MOV RETFRAT
® HFH
- WMOT—RIOAREEN. SETTHOTHHEIMETLAEL
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Historical transition

Pure ALOHA

Token Ring

Slotted ALOHA
- CSMA/CD
CSMA (Ethernet)
> FDDI
> ATM

TDMA
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Ethernet (IEEE 802.3 Family)

i twork 1 /2012



Ethernet

® CSMA/CD% F|FHL-LANH it
e |IEEE802.3TiZ# 1L
— 10Mbps, base-band transmission
— 15000ctet MTU
— LAND/N\RBAALTELTEE RSN TS
- EET—TILERSD D —N
 10Baseb5, 10Base2
e UTPS—TJ)LEFIFLT=10BaseTH i H oD AR AN
— RA3—RIEE
— NTPAYL D E
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Fast Ethernet

® 100Mbps Ethernet

— WRIKIZUTP/CATS

— 10 Mbps Ethernet IRENCDEZEVIYEZ

— MAMRBEND100BaseT
« MARBIEDT-ODILLNGFE

- Bty /B3I —3Yy
« AVUTULAVAATIEIEHRE

— 10BaseT/100BaseT, Unidirectional / Bidirectional
- HEERM
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Gigabit Ethernet (IEEE802.32)

® 1Gbps
® WA MT—RF v ILEIM
— Half-channel is 1Gbps
— Full duplex
o AEHAIINXTFA/\—
— 1000Base-SX (}2iK), 1000Base-LX (FiK)
o SHMDBEDHEEA IEEE802.3z ZXE(ZEH-TLVS
— MHEERAMEEZRICESLTNS
— RAYFEREENICHAZT LTS
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Gigabit Ethernet (IEEE802.3ab)

® New Gigabit Ethernet standard
— 1000Base-T
- UTP
— 1Gbps Ethernet
— Maximum 100m

Information Network 1 /2012
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Ethernet Family Strengths

® Fast Ethernet®D & &EHLE &
— 10BaseTh o DFFELGYIYE X
- Tl &
— Fast EthernetTT10BaseT networkZ{{ F

o FAlGER YT —OEENLELL
— Plug-and-play
— ATMEIEREGESER S

Information Network 1 /2012
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Ethernet Technology® L&

Ethernet Fast Ethernet

Gigabit Ethernet

Data Rate 10Mbps 100Mbps
CAT 5 UTP 100m 100m
STP/Coax 500m 100m
Multi-mode Fiber 2Km 412m (hd*)
2Km (fd*)

Single-mode Fiber 25Km 20Km

1Gbps
100m
(CAT5+/6)
N/A

950m

> 5Km

*IEEE half duplex/full duplex
note: IEEE 802.3z

Information Network 1 /2012
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Ethernet's address

6 ATk (48 bit)

RIID3A I TIMEIR A EHA(EEENE R

RD3FAITIMIRVAIZEYETON TS

IEEE MAC address
“00:a0:cc:7c:47:16”7

Assigned by IEEE

Assigned by vendor

00 a0

CC

f/cC

47

16
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10Gbps Ethernet

® |[EEE802.3ae
— 2002410A8IZIEEE ht2#1t
o WAN/RIELAN/EIZ 7 B
— WAN PHY
- SONET frame%{# FH
— SONET/SDHO#EEERMEEE
« ~300m, wavelength: 850nm
* 10km, wavelength: 1310nm
* 40km, wavelength: 1550nm
— LAN PHY
« Ethernet FrameZ{£
+ ~300m, wavelength: 850nm
* 10km, wavelength: 1310nm
* 40km, wavelength: 1550nm
* 10km, wavelength: 1310nm
— 2002F (TG IC1R
+ 10GBASE-LR serial (1310nm)
« 10GBASE-EX4(1550nm WWDM)
- J&E{SEEEfe: 10Km — 50Km

Information Network 1 /2012
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40Gbps/100Gbps Ethernet

® |[EEE802.3ba
— 20094 7HIZIEEENES

Y EEI’J 1OGbpqu:0)|—1L;?~‘JI~'7 J%HiR—
225 (full-duplex)BIE DA ZEHR—
IMEDZREMLGIL— Aﬂ"fxé‘ﬁﬁ

— BER (Bit Error Rate) IZ&>TI0RRETDIEMES
— OTN(Optical Transport Network)Z4H71R—

— 40GbpsUl L&Y R—F T 2MEBREDLHEREIR G
* SMF >10km
« OM3 MMF >100m
» Copper cable assembly >7m
« Backplane >1m

— 100Gbpsl L&#HR—tT HMEEB D EHRTIRE:

*  SMF >40km or >10km
« OM3 MMF >100m
» Copper cable assembly >7m

Hi—

Information Network 1 /2012
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40Gbps Ethernet Single-mode Fibre PMD

e IEEE802.3bg

— 201M1EF3R IR #1E

— PMD: Physical Medium Dependent
o WER:

— MAC/PLSH—E XA AT7x—RIZ&H>TBERM10"2LL L &FHHR—k

— MACT—4AL—F%#40GbpsZEHR—bk

— 40GBASE-R PCS & PMAZ &M

— |EEE 802.3bazE #L1-IEEE 802.3asD¥iE. wEA AT —REFH

— SMFIZEWLTER/N2kmM S D40GbpsEHR—h3 2B DT HkE IR i

— HRED40GbpsIZAT7 UMM UATI—RICEITARFHE G EIRE (OTUS/
STM-256/0C-768/40G POS)
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Future of Ethernet

® Terabit Ethernet

— P802.3bj &S

— 100METDAX25GTILFE—FT7—/\—=1 D

— 2kmU LD VT IIVE—RTFAN—=) UL iE%E S
o rykI—U7nE|

— “Switch agnostic” NIC Partitioning (NPAR)

— 1 D0OYEBR—MI4DDRBR—

 Virtual ports: NIC, FCoE, or iSCI

® OpenFlow

— research control planeZ{E

— RERVET—OD%E(H

- BERYENIT—UDEA
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Requirements for the Data Link

Information Network 1 /2012
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Today’s data link requirements

® \Wide bandwidth

® Large scale

® Virtualization

® Coverage expansion

Information Network 1 /2012
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Development of data link technologies

® \Wide bandwidth ® Switched media

® Large scale ® Bridges

® Virtualization e VLAN

® Coverage expansion ® Broadband wireless,

residential access, etc.

Information Network 1 /2012
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Wide bandwidth:shared media —
switched media

® High-bandwidth& commodity LAN
® Processor Interconnect Technologyd & &

medium

access

“~——

L8

I Non-blocking crossbar switch

H | B =
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switched media~N# 1T

® switched media & shared media® ;R[] (FE K7 RE
® TENXEX

Shared media Voice Video Video

Wireless LAN (MPEG2) _,(MotionJPEG)
Voice  Video Video Video Video

Switched media (MPEG2) (MotiondPEG) (D1) (HD D1)

Ethernet | | | | |

N
rd

1996 1998 2000 2002 2004 2006
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Large scale: Bridges

o MM HIFIELAND R ES LD H %
— 8, v\ Ta

Wiring in floor: coax
(~100m)
o | = =
N
u| | m 5
S

= Wiring between buildings: optical fiber
(~5km)
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Bridge basics: Transparent bridge

o RRAMET YT ZEHBAELY
® Transparent bridge
— MAC ZL—AIFZEELAL
— Promiscuous: £ THD/ N\ ybEX ¥ TFv
— EBEITVIOI+T—T420 T T7—TIINEHKET

Transparent

A C bridge E G

B D1‘.‘2F H

Fwdto1 |A,B,C,D
Fwdto2 |E,F G, H
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Learning bridge

@ RHDOMACTRLAMNEENDIL—LETZELT-FF
— fthDHR—k~E5:E (flooding)
— BRETKRRANERE -7+ T—T42 7 T—T LA
® BXEIMDMACTRLADIEIEDIL—LEZEL-IF
— WEAR—RIEIE
® JO—FFvRMEE
— FCHEERDETIT+ITHRANNZIE

Construct a table with learning

Information Network 1 /2012
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Loops in learning bridges

o LIFID7 NIV X LIZE ANGIRIZTIL—LZTEETHEEIGSH?
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Spanning tree bridges

® Spanning tree

R: root port
D: designated port
A: alternative port
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More various technologies

® VLAN

— rykD—o Rt

— S HB.VLAN[ZELFIHSN TLNS

— 1 DDATATIZEBHD YT —VEBE
e \WDM
® MPLS

® Broadband wireless, residential access, WiIiMAX, ...

o HEKMBHO-bBHITHNTHLD
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