H|©1E S

3 oy 33 I=EF
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Atel

HICIEIS 3

oZE=0| 35

O=E=: BSC

OZ=E=: HDLC, LAP

Mokwon University
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HOES 3 2=EE2

. SlOER3 ODRESL

- M AL OE MO, 2F Mo

e 1] —

> HIF OZESN T OZEE 1ECE
BT O=ES
. HIE AEE(bit stream) L2l 4 ERIE SRIMO =
(asynchronous transmission mode) *{=|
s T BEES

- TN HIE AERIS BEOIE9IM T 32

ol

RE BES

[0
[l

Data link

protocols

Asynchronous Synchronous
protocols protocols

Mokwon University 3 SREHUERAI/UO0IHEAEZES



AT 20| &4t
Stop bit Start bit

. EAMOZ MA B4, DHO T2 AlS

= 0,

= XMODEM, YMODEM, ZMODEM, BLAST,
Kermit 5°| &

Mokwon University 4 ZEHUYEKI/UIOIEHHE A EZEZ



HST Z2ES. ..

= XMODEM

, MY O 2 PCL! O Mg OEES

- B1O|F(half-duplex), Stop—and-wait ARQ

> O BEH
=« SOH(start of head): 1 HIC|E 9j|t{ A&} EHE
= Header: 2BIC|E, &M BT + 2AEIT QT3 AL
« Data Field: 128 HIO|E H|O|E
« CRC: HI°IH EE 27/ JAl

> TN
. RL10IA NAK L0 Mg AN

= Stop—and-wait ARQ

IO 0

|A L|
I~ ”|

Header Data: 128 bytes

Mokwon University 5 ZEHUERIA/HOIHE A ZZES
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HST Z2ES. ..

= YMODEM
. XMODEMZ! &ALl
» HIOIE E'?l 1024H[9|E, CRC-16, TAIC 917 oL M4
« ZMODEM
. XMODEMI! YMODEM?| E42
= BLAST(blocked asynchronous transmission)
> MO|F(full-duplex), Sliding window TE N|°1
= Kermit
- Z=F| MOo|= HIF | OE2ES
. E'Zt ojg3o|p o=z,

Mokwon University 6 ZEHUYEKI/UIOIEHHE A EZEZ



1| Z=ES

s T MEeS Mo OE2ESE
s T M2

- HIE TEOLZEH HIO|IE(

- BT gl BI°H 25 g M-

Iid
[lo
il

............... Tl

. T2do] A

of| e[

- ENTE BEES: BICIE BERIE FVEE ERERE IUF
- HIEFS OEES: B4E BEEE IF
Mokwon University 7 HEIEHYELI/HOIHEIZ2E=



. Mo Y= Moo Ko I

O b =l

QENIZ &&, ASCII-t EBCDICYT &2 E7t ZoE 82

AR(OILE Z2 T 0| ERIE 7Y
. MIO] YO QMR T=RO], O SNOIE QI WHE I

Lol
[ |
« BSC(binary synchronous communication)
> EHEXL! ENFS IE2EE
- 1964 IBM
- arilaa 7%, FITa +7%8
> Stop—-and-wait ARQ TEN|912t 2 {/A[O] K[
» BIO|F Mal! KR

Mokwon University 8 SREHUERAI/UO0IHEAEZES



BSC(binary synchronous communication)
= MO 2R
. BSCOll AL8l= BEE Mo 251 BT
. MO2X[= OILt O|Af2] ENIZ B
= %) ACKO= ASCII E7~t ZEL! DLE2I O 1 2Rt B
« BSC I3¥|& +
. H|o|E] O
= HICIEE N X2 BENOEZE I
. Mo T
« 2877 238 &279, YHN
«» NS TE M9

_?_1% RiR4d O Ad

n O 0 . O

Mokwon University 9 ZEHUERIA/HOIHE A ZZES



ofjo|E] a2y
> OYIZZ 271 °10e] FIERKSYN)E A S

> STX: start of text

F

« CI& HIO|ET} H|O|E
> ETX: end of text
« CI& HIO|IEE= N|O{ER]

> BCC: block check count

SYN 2A}:

-N=& Z5Q
o| k&

-Efo| S {8t
HE OiH

« OF HE, CPIERT LRC, 27t CRC
> SOH: start of header
= SOH2I STX Afole] HE= Y yH

e

One or more bytes defining address and/or
other information (nonstandardized)

r

0001011000010110

V4

'//

yd

S S ' | |
Y Header .. Data..

' ‘ N | | |

Z=<wn
= Qo

B |

C

Mokwon University 10 ZRHUERIA/OOIHE IAREZEZE




» CITES O3
» ITB: intermediate text block

’ Block ) Block R
/ 77 77 7 7 7 7 7 7
s{s|s| | [ |s| | | B8] [s|] | | | [E]|BI
Y| Y| O| Header T .. Data T C T . Data.. T C
' \ NINIH] | ] Ix) s oelx) | x| |¢

Mokwon University 11 TRHUERI/UOIHEIAEZES



= FIT

ITd

I

> ETB: end of transmission block

V4 V4 Vi V4 V4 i V4 Vi
s{sfs| | I [s I 1Bl [s] | [ Te]BI
Y O | Header T ..Data.. T C T .. Data .. T C
N|N|H X | B| |clx] | | | [B]|] |C

Vi
. I ACK1 vl e
C YI|Y -
I C NIN ETB for all frames
| except the last one
Vd V4 Z Vi Z v /\ V4
S IE | 1 [r[Bl [s] | [ [E|BI
0| Header T Data . . T C T .. Data.. T C
H | 1x | | i8] Jelx| | | | |Bf |€
Z 7
B | S|s
C JACKO|lY |Y
| C N |N
ETX for the
last frame
i yd i i 7 V4 Vi
s| T T s 1T 1181 |s E[B]
0| Header [T T C T |. Data . T C
H | | x | | |B] |c|x | x| |c
Z
B | S|s
C JACKI|Y |Y
| C N |N

Mokwon University
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Aj|o] =gy

- 3 &7 oM, TENIC, 2 F M1

~

[One or more characters
J

| |
S S B
Oth trol
« Y Y chzl;;::)tzrrso C
N N C

- MI28F TR Mo I3y &R
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= HICE &3 =N

=/~ Of! OIE! HICH &g Al &4 =AM MOl =7t

e
= QM= HIOIEE ELCILY RE T8 =N

« HIOIE A2 7] (byte stuffing)
- HIOIE &%/ M3 ¢1°1°1 DLE 27t F7t
- ™MZ DLE: Mo E7| 2A|
> OIS} DLE: §8%3 =
> 183, E59 L2 DLE= °1FMI?
. DLE 27t 9|l DLEE S[-t £ Z7t

>

S S | D|S D|E| B
« Y| Y |L|T Transparent text L|T C
N|N]JE|X El X C

Mokwon University 14 2EHUEFI/HOIHEIAZZ2ES



HEZA IRES

. SIL[o] Mg DU OIRE! HIEQNS Ot
. EE| B YHE me T &4

» HIESS EEE=E =

» SDLC(Synchronous Data Link Control)
= 1975, IBM &
- HDLC(High-level Data Link Control)
« SDLCE T|E'O0 2 TEI%9] ISO%IM BEET!
» LAP(Link Access Protocol) HI&
= ITU-T9IAM HDLCEZE B E &Bi°| 3 T
(LAPB, LAPD LAPMLAPXS) THE:
» LLC(Logical Link Control)
= LAN, IEEE8O2.2
« HDLC 1|8t
> FR, PPP &= HDLCE |Bto £ 1

7N\
T

[l

==

—

[
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HDLC(High-level Data Link Control)

» HESTS I=EE=

» SGHISS, FIF S T3 WM BIOIF L ToIFFL! K
>

» HDLC 7|=(station) “SEH
- F=(primary station): F3°2] BE MO&] AL, B

- ZF=(secondary station): §&8
> &= (combined station): ¥4 &

Mokwon University 16 ZEHUYEKI/UIOIEHHE A EZEZ



= HDLC +7%

S d S d
Primary Py oty Unbalanced

!E E 73| 33 Ho|

s

< Response 4—— Response I
Unbalanced(2% %)
Pri Second .
il ‘ - Symmetrical
= o
-=5 Al=°1 2714
— g A|I2( =210 &
= N AEa s
Secondary 3)2% __I.l./g
&’ | Response '—p
Two logical Two logical
stations stations
One physical station Sym metrical One physical station
Balanced
Combined Combined _}_EEOI E‘% QIII\_E
H
E o3

-HDLCE BUY B
SYHT A

Mokwon University 17 TRHUERI/UOIHEIAEZES
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. SO O

- TOEHLIESIE F YR 2o |
> 511 R[3E M=
« HDLC F&! E=
> NRM(Normal Response Mode)
- EWY Y, FE-FS 2O &E
- ARM(Asynchronous Response Mode)
. ETY T, FZO| YM0| et mp,

= MEO| AIBEIL ARR| = T, = YIE! 8R°l F=°| %
O /\IKI"O'I- /AN 010
= = T M=

- ABM(Asynchronous Balanced Mode)

1 TIANd
u %wo T O

. TUS OHEO| CIE X0 918 810 14 THAI

» Polling 2B1YIET} 8101 X1

Mokwon University 18 ZREHUEAI/UOIHEAEZES



User data coming
from upper layer.

NEEWN
ASA ol T3

Information

I-frame

S-frame

p

Management information
used for managing the
network. It may or may

not be present.

DHE ]I.'-_'-IIOI

Information

U-frame

Mokwon University 19 ZEHUYEKI/UIOIEHHE A EZEZ



HDLC Z3 14
=32 2
- HIE IE OO 8HIEE

. O3|0] AR 222 o1

Information

- DY Y| £y =N
. MIOTYE EE HIO|E{2] HELze) BT BIE TErO| LISt
e

= HIE A2 T|(bit stuffing) M=| M2 OH=

Mokwon University 20 ZREHUEAI/UOIHEAEZES



HDLC Edel 14...

« Bit stuffing

- FUTE 238 5T o9 1& TR & THNEIM

:[go“ |=|7('|-| O AmoI

= =Ee
, £0E= s 5] 1= 4’.!‘”_7'_ CIZC| O B= &
E HIEZ 21AI01 71 O MI™
Data sent

0001111111001111101000

Frame sent +

Flag [Address 000111110110011111001000

Stuffed and
unstuffed

bits

Frame received

v ¥
Flag |Address 000111110110011111001000

0001111111001111101000

Data received

Mokwon University 21 ZRHUERIA/OOIHE IAREZEZE



SMEE HIE NM™

After 1 zero and
5 continuous ones

0

7th bit?

Unstuff zero.

e |
i, |

Continue counting
ones until the next zero

Mokwon University 22 TRHUERI/UOIHEIAEZES



LI (address field)

=2 FAELMN|Z2Z|SENA]

[— - o B |

Flag Control Information

The address is one byte (8 bits)

or a multiple of bytes.

One-byte address

0 0

Multibyte address

Mokwon University

FCS | Flag

BHUIERAD/UOOIHEIEZE=
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HDLC 5| {4 ..

= Mo 2= (control field)

« Flag | Address Information FCS | Flag
|-Frame
-EI°IH N
I-Frame P/F g boll/final b -ARQ 7(-"017SIE
oll/Tinal b1t : i
NGS) N(R) piggybacking
N(S) Sequence number of frame
sent
S-Frame E- I7F S'Fr—mu"eqﬂ_l ~
N(R) Sequence number of next AR 5
Code N(R) frame expected Q
ULE P Code Code for supervisory or U-Frame
-rrame 78 unnumbered frame _23 7(-"01 ‘|| %
Code Code
ool 2 18 Piggybacking : S&M°, 2 &M<t 1

2| OE Mol SES SEE HI°H E&

Mokwon University 24 ZRHUERIA/OOIHE IAREZEZE



HDLC Edel 14...

» o EE (information field)
> I-frame: A8 H|O|E]
> U-frame: HIESI3 2| L

« FCS(Frame Check Sequence)
» O 4= 2 EfDOE NPt LR BIEE B2E H{|)pt

. 2 HIO|E CRC-CCITT &£ 4H[°|E CRC-32

Mokwon University 25 ZEHUYEKI/UIOIEHHE A EZEZ



= I-Frame
- HI°|¥ M4 1l piggybacking2 2 &io! SE!

. N(S): ELim|= Do) iy
- NR): $EI& 7S TEHots O BT

. O EH=

Flag | Address | Control Information FCS | Flag

o b
N(S) N(R)
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= S-Frame

> |I-Frame®ll M1 EHE &1 plggybacking"rE No|
ZOIR| o4 U =IO 1-GEl TENIO12 QFNMIOIE 21%1 A 1§

| —

(Mo ) — |
> S-Frame FF2 TS M9 &2E2] 2 HIE code

h Flag

S-Frame
Code N(R)
Code Command
00 RR  Receive ready
01 REJ Reject
10 RNR Receive not ready
Selective-reject

Mokwon University 27 ZRHUERIA/OOIHE IAREZEZE



= U-Frame
F3 MO N e
7(-||=| 1::||: /\I/\Eil .-_I'E| 7(-||=|

>

>

Flag | Address

Code Code
Code Command Response

00 001 SNRM
11 O0I1 SNRME
11 000 SARM DM
11 010 SARME
11 100 SABM
11 110 SABME
00 000 Ul Ul
00 110 UA
00 010 DISC RD
10 000 SIM RIM
00 100 UP
11 001 RSET
11 101 XID XID

Mokwon University
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HDLC &

 FE2 AMIEM

. HIo|E 3 =g
. OI20] ATl JIErS Q|8 ART|YY
. MZ MERO|| P O] TA|
. =TIm oo My

. HIo|5 M4
. TEN|o12} of2{m|0]

. Ejlo|E{%3 2333 oy
- WOl SQIMIF ALSTICL 270l oJoH S| A
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. O BE(

- 6T EE= NME
= MR 2E(NR
« &MY O]

(response)

= UA(Unnumbered Acknowledgement)

=21 AARA A% A\
o3 276 272 #¥

= DM(Disconnected Mode)

218t ToR| O]
(command)

BM, ARM)2}
IRBHIE ZL 7HIE Y

b=

oll

> R

2
o2

k
o =2

1

SABM

253 &7y Q7% °] M
Timeout

SABM

AUA/

Mokwon University
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Hj|o|E| M4
> I-Frame?] N(S)21 NR)

- &M BT = SHIE B¢ REZ-8

HIJ
I
3

o
$Ol= F9 TEZ-1282 2ANOZ KO
- NRZ 228" I-Frame?l $EI0F £4'& TIEHOl= -Frame
o] My

- S-Frame: RR(Receive Ready)
. RLOMGEIZ BT YR O] G

A=
= NR)Z EAICIC 8! OT¥Y SE TS
= OHY £LME BOHOE & £ WS HIEfES

- S-Frame: RNR(Receive Not Ready)

« RSN 22 IHZ(NR)-1)C ERt R85

o
= RR Z3IEZ BT MR S FEZ 278
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. oS g TEN|O] of

A

NES)

N(R)

N S

10,0
Y

B

NOY,

I,1( 1¥

121
Y

I[1:3

[,2¥4
3

[,34
Y

A HMHo
ooroc
2 _ono
P 003
ljo HT
= |H

RR}4

1,3,0
NEER RINR,4
NN 2 RR,0
%KI 541L
RNR,4,F
RR,0.P
Busy & H RR.4.F
S| 140

Mokwon University
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HDLC S4...

HICIEIR3 23= oA

> TOOHLt A2 IHIT AMSREC] 2789 1% SHA| THA|
> 2338 9N = (command)

= DISC(Disconnect)
& E(response)

= UA(Unnumbered Acknowledgement)
EI: O=|'|=l 6"7(-" OK-I_I /\EI-

OLZEO|= 2= °lMl 276 TIT

A\

SABM

AUA/

A\

DISC
AUA/
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= HDLCE ©|8-2! Polling? Selecting T4
. P/FHIES] $

Primary Primary
Secondary Secondary
a. Poll b. Positive response to poll
Primary
Secondary I Secondary
:
%ﬁ
d. Select
Secondary
%
e. Positive response to select f. Negative response to select

Mokwon University 34 TRHUERI/UOIHEIAEZES



« HDLCE ©|8?¢! Polling TX!

Mainframe Station A Station B Station C
[
[
L]
Poll
FIF| S-Frame
C
¢|s|0|P=1RR
Data
F I-Frame F|F
A : Data [C| ! H
g O0|F=0| 0 Sle
Data
d I-F F|E
; A rame Data |C ;_
Acknowledge
ll: F S-Frame lf
a C A a
¢|S[2|P=0RNR g

Mokwon University 35 TRHUERI/UOIHEIAEZES



= HDLCE ©|8Z' Selecting T4t

B Station C

Mainframe Station A Station
||
[
(]
Select
lf F| S-Frame B 11:
a C a
¢|S|0|P=1RNR| |g
Ready
11: S-Frame |F 11:
a B C a
Data
FF I-F F
!'|C | Data = B I
g|S 0|P=0|0 g
Acknowledge
11: S-Frame |F lf
a B C a
g RRIF=1|1|S|g

Mokwon University
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» HDLCZ

Station A

O| 8Pt peer-to—-peer T2!' 9l

SABM

O3 » —"1]
[Zl@les

U-Frame

Data

100[P =1/ 11

o9 o —"Tl

-

UA

U5 B —T

U-Frame
00 [F=1]110

Data

Zl@les

05—

Data

05 82—

Zl@les

Data

I-Frame

Data B

=)

08 & —T]

o3 » —"1]

[ZJ@les!

Data

I-Frame

B
> o O |

o9 & —"

=g

e & —*r

I-Frame

or @

Data

Z21@les
g & —tr]

Data

U5 —T]

I-Frame

T

Data

U e —T

Data

-
-

0g & —"T]

I-Frame

Data

09 & —"T]

Acknowledgment

F S-Frame

05 2 —T]

C B

e = —T]

Station B

HSNAEZDE
KUI'E UilE"
P/FHIE Q0] g2
ARQSH

Mokwon University
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s peer-to-peer FLM LFMC1 Cl

Station B

Station A

Error

'Y
[ ]
[ ]
Data
3 I-Frame F|F
; A Data |C ;
g 0| |2 S|e
Data
F I-F F(F
g 1 | | 2 Sle
Data
11: I-Frame T F 1:
al
22 2| S
Reject
3 (F: S-Frame B i
NI ;H
f [-Frame F 113
a |A Data |C|,
el |1] 12 S |e
Data
lf A I-Frame T (l; 113
al
' \E 2 2 Sle
Acknowledgment
ll: F| S-Frame ?h
a C B a
els| 3] RR| " [¢

Mokwon University

38

24 I
o TT

BHUIERAD/UOOIHEIEZE=



LAP(Link Access Procedure)

» 58 SN "= HDLC2 TIT Foll EEX2! 7|

5o o

= LAPB(Link Access Procedure, balanced)
. DTES! DTE ¢ %"'°1| 198 =X Ko |)FE N|F
« Poll?l Select Tt SAEt
. =% AN ’“~8- H|FT| 2% A
. X.25 HIo[E% 3 HF
= LAPD(Link Access Procedure, for D channel)
> ISDN D channel protocol
- EHe32] p'TEYAl(out-of-band signaling)
> HIFT =% 2=(ABM) Al

= LAPM(Link Access Procedure, for modems)
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Point-to-Point Protocol(PPP)
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= SLIP(serial line interface protocol)
» Simple packet framing protocol for IP on serial line
- IP 5 FAC| HO0iE U{§ 'y

. IP °|2]°] EIZ OEES K| o1y

o

31

S=E XN 876 Ny
X 2T T option K& oy
= PPP protocol suite
» Link control protocol(LCP)
-~ Authentication control protocol(ACP)
» Network control protocol(NCP)
» Compression control protocol(CCP)
» Encryption control protocol(ECP)
PPP= p-to-p link &0l layer-3 i3!S & Eo6tJ| 9t
Framing ProtocolO| Ct.

OF
> =
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= PPP HIF

- Physical layer

S510| THOIOIR| 842

A variation of HDLC

Data link

=« ANSI standards
> Dqll-q Iink Iayer ANSI standards

Physical

« HDLC-like framing

= multiplexing of different network-layer protocols
over the same link

cggg ||5ink Conctjrgl Prr]otocol 5 I
(o] assword Authentication Protoco
HITTTH 11000000 c223 Challenge Handshake Authentication Protocol

N\
Flag |Address | Control

Data and padding

1 byte I byte 1byte 1or2 bytes Variable 2 or 4 bytes 1 byte
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= PPP protocol suite
> Link control protocol(LCP)

> Authentication control protocols
= Password authentication protocol(PAP)
= Challenge handshake authentication protocol(CHAP)
» Network control protocol(NCP)
= IP control protocol(IPCP)
» Compression control protocol(CCP)
» Encryption control protocol(ECP)
= DES encryption(DESE)
= Microsoft point-to—point encryption(MPPE)
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= PPP Link Phase

Dead
(ldle)

Establish

Terminate

A\/

X Authenticate

Y

Network

<€

Exchange user data and control

Mokwon University
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= Link Establishment Phase
> LCP:Link Control Protocol

i EIE A4 RA 07(|U|-|7(1|

= O,

. EYEIIIO| MEMALY YR QIS B TIE
Option Default

Maximum receive unit 1500
Authentication protocol None

Protocol field compression Off

Address and control field compression Off

> LCP Packet
I byte 1 byte 2 bytes 7 Variable
LCP

Code ID Length

Information for some LCP packets

packet

Payload
(and padding)

Address | Control | Protocol

CO021 44 I
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= Link Establishment Phase...

> LCP Packets

= Configuration packet
Configure-request
Configure—ack
Configure-nak
Configure-reject

= Link termination packet
CEIEC 3 VE F=
Terminate-request
Terminate-ack

= Link monitoring and debugging
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= User Authentication Phase

» Optional phase
= LCP &7 EMl 278l "=t SKIP
« &NZ O g2 2 &
> Authentication protocols
= PAP:Password Authentication Protocol
= CHAP:Challenge Handshake Authentication Protocol
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s User Authentication Phase...
. PAP

H010| 3|24, MR HAQIESE =M

P
30
=

B L =

User System
Point-to-point physical link

Authenticate-request packet LTSN

User name and password |*

Authenticate-ack or authenticate-nak packet

* Accept or reject
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= User Authentication...

- CHAP

= Encrypted authentication mechanism
]II-I/\O_I:E RIK—I _IJA-II\I-OE |=|L|-|7(| OI'O

= One-way hashing algorithm

User System
Point-to-point physical link

Challenge packet

Response packet

Response and name H—

Success or failure packet
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= Network-Layer Protocol Phase
- network-layer protocol (IP, IPX, or AppleTalk)E ¢I°!

HELQIZ T 23ZBA™Y, T=
> IPCP:Internet Protocol Control Protocol
- AJTHE? ALBTIO] MEHARY Z3ny

P EL &y
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Authenticating Establishing

Networking

Terminating

Configure-request
Configure-ack

Authenticate-request

Authenticate-ack

Configure-request

Configure-ack

User data

User data

Terminate-request

Terminate-ack

Terminate-request

Terminate-ack

o

Establishing
state

Authenticating
state

Networking
state

Networking
state

Networking
state

Terminating
state

Mokwon University
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= PPP Data Transfer

FTP Data

TCP Hdr FTP Data

|P_Hdr |P Data
Comp Hdr Compression Data
PID=003D PPP Data
| 7E|Addr=FF| Ctrl=03 HDLC Data [7€]

Mokwon University
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O OF
115

Hlo|E{R 3 OT2ESL
. YN IR, TE RO, OF NI T T TS TP
L

-

w50 ODE=] 50 IEEE OEo= Lis

. HIS| DEEES MA0ID T2 S| ALg

- XMODEM, YMODEM, ZMODEM, BLAST %I PCZ'2!
o1 Mg O|| ALY

| OEEEL2 F | M2 Moo= OE=ES

. =RpEAl o=ES. rrE1|°'° SR|S0| 0140 = OjjAl

- HIEFS O=ES&: 4 HIE K= BIE 1E°| 2°E &
'='7‘[ Al OS2EZ=0| CHEXo1 BSC

. HEFA OZEZ0 CHENL! HDLCS! LAPHI
« PPPE ZITHE 2108* T/60IM ALS-OtE EEiE %3

Mo HEe o
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