T—RU2 ) DERB

Suguru Yamaguchi
Nara Institute of Science and Technology
Department of Information Science



S

o T—R)UUDRMLTLDHEREIL A
o FRINTWLAHIIM

- THYA2-avETh

— I 55— (error control)

— Z0—#l{E(flow control)

- EAXRWE7oral

Information Network 1 /2012



Introduction
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— Point-to-Point Protocol &
Medium Access Layer (MAC)
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— |IEEE802.2 & IEEE802.x
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® F” & (half-duplex)&® Z & (full-duplex)
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Information Network 1 /2012



Framing
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Frame

® Data link layer protocol data unit (PDU)

- IL—LDEREEE
o [EEDNYIYHnIT

— JL—LERIZEHLET. EYMIRNIZIS—REN/ETIEOI—F {1t 5s
® Frame header

— IZ—HRIETO—FHIED =6 DIEHR

— HlEEER

01111110 address control data checksum 01111110
_ N J
Yo Y
header payload
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IL—LOBMYHL (1)

@ XFA—XATHIL—LEYHL
- PEEBIXFEMTT—I%ERET DS
« CCITT X.21
— YEEIL—LIE8bit
— O—k274+—<YkMIASCII(IA5)
- T—AREREDRVERRICHNGEXFEEA
« STX, ETX
— DLE (Data Link Escape)lc &> TR X FET—2EL THA
o NAFT—RDEETIEFANGEXFN/ -V HIET A REMEHY
 character stuffing
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transmission

2L—L@OERYHL (2)
Original Data
“B” ||DLE|| “A”
Transmission Sequence
ETX||DLE|| “B” ||DLE||DLE|| “A” ||STX||DLE
\\ R
data frame

\

character stuffing
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IL—LOIRYHEL (3)

® EYRIIER—RELF-TL—LDOEYHL
- BEDEYNIZT —2DORIERRITHEA
. FE
- T—3HIZH/NLIRICIEYRIZMT
* bit stuffing
- BEDEYMINIL—LDERYEREICEITREIZHEET 5L51295
- e.g.
- HRIZE YR 01111110
o EEAITIET—AFIBEYRN 1" DR =5"0"F A
o ZEAITIET—A2HIISEYN1"HHTL6RIZTES 0" ZHIBR

01111110 address control data checksum 01111110
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Frame Synchronization (4)

Original Data

O1011111111110011

Transmission Sequence

end bit pattern start bit pattern
O1111110 O0100111110111110011 01111110

»
>

transmission

bit stuffing
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Error Control, Correction & Detection
Schemes

Information Network 1 /2012

12



Error in Physical Layer

A Signal A Noise A Signal + noise

Y
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0]
®

Original Attenuated Amplified

Y Jh v JU "\ Jb Attenuation

Amplifier

Point 3

Composite signal /\ /\ Composite signal
sent \/ \/ \/ \/ received

(““U“”\M AAA LAAA MHMW Distortion

Components, Components,
in phase out of phase

At the sender At the receiver
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Error Control

- BHH#
+ BIEBLTICEERVERER-FTE

« EEITL—LMNELIELNTNSEMNE DD

¢ EEIL—LODIEENELLMNESH

o Il
— [DL—LJELSEBEDE A
R

« FRYETIE#F S (Error Correction Code)

- IRUMRH S (Error Detection Code)
— JObka)L il

« A4 <(Timer)

« Hi%(Retransmission)
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Parity Bit[Z&k43RY R H

e 17AvIDT—RIH5TH1EVFDFE
— ERER(CT—AHBEL TLVELNERIET S
- 1EvrDERYEE
« 2EYRLUEDRYIIHBETELRLMGEENHD
e 7TEVrEIZNITAEVIEFE
— T—ARERZETORIILAO0A parityZ {5 L1=H& . Odd parityéii b
— Even Parityz{t 59 %15 & (. Even Parity&73%

Odd parity Even parity

« Initial value: 1010101 (four 1s) « Initial value: 1010101 (four 1s)
* Parity bit added: 1 « Parity bit added: 0

« Transmitted value: 10101011 « Transmitted value: 10101010
* Result: odd parity (five 1s) * Result: even parity (four 1s)
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Cyclic Redundancy Check(CRC) (1)

o EifL1-E vriRY (burst error)Z & H
® JL—LDEAICRYBRERADCRCFTy/E YREAHN
o EVRIIDZIEARIT
— n-bit sequence
* (a,.4, .-y 8,8y X a:0o0r1
- ZIAARH
« F(x)=a, x"+...+a,x’+a x+a,
o ZIHIUEH
— modulo 2
— HEthRYEREEFD (eXclusive OR )&Zh
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Cyclic Redundancy Check (2)

e CRCOEEFIE
— AWZIEAGKX) LRI r(r<m)
— MEYrDIL—LZEZEETDHEL. TDOZBIEARBEEMX)(RE m-1) &
ERA)

— TL—ALIZrED"0"F T 1FH=tD x"M(x) Z4ERK
— ZIERXM(x) ZG(x) TEI>=RYR(x) Z5tE

— XETHFEE FX)=1ES
* F(x) =x"M(x) + R(x)
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Cyclic Redundancy Check (3)

o RYDIEH
— F(x) [XE(Z G(x)TEIYEIND
— ZNYTINEh--EEIXRYITFE
— rEYRU T DRY 3L T4
— ThUSNDRYIE Gx)IZiKFF
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ZEELEINT-CRC (1)

— KRIGIRE
— CRC-12

o XT124x11+x3+x2+x+1
— CRC-16

o x164x154x2+4+1

— CRC-32

. X32 +X26 +X23 +X22 +X76 +x 72

— CRC-CCITT

77+X7O 8,7, 5,4, 2

+ x +xC+tx "+ xT+x T X +x+]

o LEELMNMILFEEILINI-CRCHLKDIDHSD
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Standardized CRC (2)

o FiE

— CRC-12 [F6E Y XFRBEIZ L THEHE

— CRC-16 & CRC-CCITT I&8EwhXF R LE
o &4 (CRC-16 and CRC-CCITT)

- ETHOE—BLUZEvhEHKRY

- ETOFHEDE VIRY

— 16E YU T D/N—RFEEY

— 99.997%MN17Ewk/A\—R 5L

— 99.998%18E Wk Ll E/N\—RFEY
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RYETIER

o
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® Error Correct

ion Code

— NSV FE(Hamming code)d F|
— T =EMHE DR

- af@MDFRYRE: a+1LlE

« bEIMERYETIE: 2b+1LLE

A
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Flow Control
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Flow Control

® EH T HDLLIL—LELEDLIITEFET HHEHKD
® 2DDEE:
— JHEXIL—L0MEE
— I\ IFA—/N\TO—% B
0 rVrIT—VBILEELI-IL—LELRILEEZRIELLZTNIEGS
AR
® Automatic Repeat Request (ARQ)
— Stop-and-wait
— Go-back-N
— Selective-repeat
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#FIBR LA LN (Unrestricted)15 &

o EEMILEIETS
o ZEAIXZEITLHDERFD SR EETE
sender receiver sender

o

D
N
Q

/
(/)]

3

/Q

/

awi)

o BIEE  ZEAMD/N\VIF7HEN

= time to send

= time to receive
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Stop-and-wait ARQ (1)

Sender

g »
S [€ >

ty

t,: Round Trip Time

t

t3

t,: Frame Transmission Time

t;: Frame Processing Time
t,: ACK Transmission Time

ts: ACK Processing Time

»
>

Receiver
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Stop-and-wait ARQ (2)

e Fi&
— 1L—LZEEEICTACKIL—LZEFD sender receiver
— RERIRA L2t +t, 4t 4+, LA EITERTE
_ RERAATAEA LTI BETL—LEE e
® 1Y Pd\
— Bl o
— NYTITFIEREERERTAENTIIL—LS B
T&LULY 86/70'
— EREAEMEEIEECEN >
pOt
\/ /
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Go-back-N ARQ (1)

o Fik
— Stop-and-Wait ProtocolZ i &

— EHELTIL—LZEET

— BRYMNFKELIIES
« BRUYUNRLELIIL—LFEILLZETLHET. ZELIIL—LEWHE
o EELSRIET HFETACKELREALY
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Go-back-N ARQ (2)

Time out for Frame3

>
-

URERYANAY

ACk
4@(
ACk -l
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Go-back-N ARQ (3)

o i
— BMUNRETLHEELEONT=TDLU—LETENEEIN EEANKE
LY

s BFICHEIMIEREEERTETHESIZFF
— EEATHEEDEOHD/INYIF7HNLE
e ACKEZIHE->THWNIL—LAIZDONWTIEEZDT=0HI1Z/\wI7YLH LT
HLHEHY

« Go-back-ND'N"[FACKZEFI=T I ESZEMTESTIL—LH
(on-the-fly frame%k)

« IN\VIFPIIBEEFAMTDEIZIKTF
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Selective-Repeat ARQ (1)

o X
— Go-back-NZOkraLZHE
— WELGIL—LETEBE
® iz
— {EEMEMNGo-back-N&KY RLY
o ELLZEINTWSIL—LEEENICHELLL
— WIENE
o REFITNNYI7HBLE
o JBEBFHE(IL—LI—H 2 REIE)HDBHE
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Selective-Repeat ARQ (2)

Time out for Frame3

V"

1 112 |13 |14 |5 ||3 ||6

4

Ak
4%
4%
4%

1 ]2 4 |5 |3
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7 O — | ]

® Stop-and-Wait¥>Go-back-NTILZ{EAIIFEHTLIENFEE LY
R
® Selective-RepeatTId 3215 I TIE 2 Hil 1]
- ZEBMTNNYI7HEE
— EEFERDSIFRELLGVEZEMNYT7TRENDRET HAIEMEHY
e 7 0O0—lfE(Flow control)
- ZEQAEAEIDFEEANT, NvI7ENEFTS
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Window Flow Control

® 1>k -oO—HFlfH

W : D4 RkoH A4 X
o ZEADNVITFHAXERL
EERNZT (1RFITEEFELIZTIL—LT, (2QACKZEZ(TER-TLVA
WIL—LENM)ENrET S
Nr < WIEE{EZ1TD
Sliding window flow control
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Windows Flow Control

/Se n d e r Ikeep frame until ACK is received

>

sent frame

A

already received ACK
\ last sent frame

—

if sent

move to right

—

If ACK is received

. sendable frame (maximum size W)

move to right

<

ﬁ?eceiver

received frame

A

already transmitted AC

k last received frame

receivable frame (maximum size W)

10 1112 13 14 153 16 17 ...
— —
if received if ACK is sent

move to right

move to right

/
=
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e H4EE41B(Role allocation) 12 AT LT H AU IZIKTE
o HEIFBHELETS
Transport AR IE R 0D 4R 5T
20—l i
Network ik
Ty —o85 1R
BYKRH-ETIE
Data Link T ——— JL—LEBR
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H—iEENoYILAViEE

® 19604 D —xf —#E#% (point-to-point connection) B D F—421) >
JDF A MMNG, T2 DERMGE ARSI T

o 1970 EFEMSDLAN(Local Area Network) DIZEEL NS T L
ANV EENBITL
— 1SO/OSI 8802, IEEES802Y IL—T D7 —*xTOF~

— HBDIEEES802.2 (1SO8802/2) &£L THE R =41 7= Logical Link
Control (LLC)

— BIEEATATIZHEESNT=IEEE802.x
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Sublayers of the Data Link Layer

ISO/OSI Local Area CCITT Data link
Network Layer Network Definitions (8802) Layer Definition
Logical Link
Control Sublayer sz LY
Data link Layer g_chHL“(I; /)EﬁSB)
Media Access 8802/3 8802/4 8802/5
Control Sublayer|| CSMA/CD || Token Bus || Token Ring
Physical Layer
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Logical Link Control (LLC) (1)

® Unacknowledged Connectionless Service (LLC type1)
- EEENREBLRAIT LTIV —LTERE
— BRYNEELTHLRHANGLEELLL
« EHRIEAGRYFIEHZE R
— ER. I5—DPVIEWNI o mE T O FI{E A
— LAN, real-time traffic (voice/speech)

® Acknowledged Connection-oriented Service (LLC type2)
— T—ARERNIORILAVERE
o EEAEZERMIRIEALIZLELATRE
— {E581E FRY. IEE) =KL
— WIEBI—ARICRH
— KR, T5—DZWJUIZEM
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Logical Link Control (LLC) (2)

® Acknowledged connectionless Service (LLC type3)
- ZEFIFIZIL—LEIZZ{ERER (acknowledge)
- RYFIEHET—R)VBTER
- {EEMEZEM L
® Unacknowledged Connection-oriented Service
— EEEMEGRY. B )ZRIELEN
- BETIZI—ODENIIEITOFIEA
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Media Access Control (MAC) (1)

7 —5U O RIE Ry T — SRR T S
IR R E AR R —
~_—
| LLC (data link)
WEBBIET— 5 BRI -

INAF 1) B E R IR A T 1l T ﬂ

BEHD/—RDATATRIEA~AT IR — T ——

J R ATATEKIIENENER
AHl#zEFD

ATATERRIRERERLTES0)
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Media Access Control (MAC) (2)

LLC (data link)

MACTE &7 — 51> S BIZRI+ T il I
K A~DT 5 AR IR o
VNI TGl el AY)
ERDEEFERICEENEN ﬁ ? i
MAOTOPILASBE = o> -

R[E: F 2 )LEIY H T(multiplexing)
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