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Asynchronous Protocols

= Long, long...time ago

= Not complex and easy to implement

= Slow

= Required start/stop bit and space

= Now mainly used in modem

= > Replaced by high speed synchronous
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!-’ XMODEM frame

Each character contains start and stop bits
(dark portion of the box). Characters are
separated from each other by gaps.
The header consists of two bytes: sequence
number and its one’s complement.

00000 0

il

" Header Data: 128 bytes

=

Half-duplex, stop-and-wait ARQ protocol
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Synchronous Protocols

= Character-oriented protocol
= Based on one byte (8-bit)
= Use ASCII for control character
= Not efficient > seldom used

= Bit-oriented protocol
= Based on individual bits
= One or multiple bits for control
= More efficient
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IBM’s Binary Synchronous
Communication (BSC)

= Character-oriented protocol
= Half-duplex, stop-and-wait ARQ
= 2 frame types
= Data frame
(data transmission)

= Control frame
(connect/disconnect and flow/error control)
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!.’ A simple BSC data frame

Block check count:
A one-byte LRC or

two-byte CRC

& £ rd

- .

|
«Data..
]|

=

Zwn
LA sl
=

SYN = Synchronous idle = 0010110
STX = Start of text = 0000010
ETX = End of text = 0000011
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!-‘ A BSC frame with a header

f Tases Tt i
SIs|S S E
H YIY|O| Header [T . Data.. T B C

N[N[H| | s X| Jc

Header Fields:
« address (sender/receiver)
« #frame identifier (0/1 for stop-and-wait ARQ)
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!-’ A multiblock frame

Rlock Rlock
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ITB = Intermediate text block
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!-‘ Multlframe transmission

I'H [ TN T

......

II! ETB = End of transmission Block
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!-’ Control frame

& e 7 1
§’ ?’ Other control B lL
NIN characters | C

Note: Control Frame is used to send command
* Establish connection
* Maintaining flow & error control
* terminating connection
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!.| Control frames

Connection establishment

S 7 . Bid EIEIE . Poll
YiY l\ Paint-to-point Y13 ‘}\ f‘iltlin_g Primary pulls
N ) | connection request. N resy secondary.
STSTE Lo Select RS Positive response

o) 2 Relecting . Select Lo select or bid
M| o [ome] Pimaryjelees | X[ N|ACKY] Réddyresive

] N Negative response SISIE Negative response

Y- YA to select or bid YiY|o to pull

K| Not ready to receive data, | N | N | T | Not ready to send data.
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!.’ Control frames

Flow and error control
Positive ACK

Positive ACK

S.|.S : : S8
o B of even frames i of odd frames
{ ‘\ ACKO| 'Frye number { .:- ACKI Frame number
0 received. I received.
= i Gy =Te Wait & ACK
EAR ack (ST ToAeR] acK s
N|K Error in the NN tmll‘lg,_,np_l rcud‘)r
[rame received, =
TS ’ i 3 Temporary delay
sTs Reverse interrupt [S]8 remporary gelny
{ ‘\ RVI Ij{lttq'iflb{g?i }q ;{ TTD Temy :Istn‘llrélc{ (“1&(-,]1-!_\1.([
! interruption. I _out does nat
urgent data to send. rel h the line.
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!-| Control frames

Connection termination

% ? P; End of transmission
N 7 | Station finished sending data.
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Data Transparency

= BSC is designed for text message
= Now, non-text message (graphics,...)
= Problem?

= BSC control character problem

= Data transparency: should be able to
send any data
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!-| Byte stuffing

Control characters can be
used as text in this region.

AN

3

2N
Zwin
~wn
»—=m
=
— A—H
&)

Transparent text | L
E

The DLEs start and end
the transparent text.

DLE = data link escape
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2 Bit-oriented protocol

= Represent more information into shorter
frame

= Avoid the transparency problems
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Bit-oriented
Protocols

SDLC I HDLC LAPs LANs

SDLC: Synchronous data link control — IBM
HDLC: High-level data link control — I1SO
LAPs : Link access procedure

2 HDLC

= Support half/full — duplex over point-to-
point and multipoint links

= HDLC system characterization
= Station types
= Configurations
= Communication modes

= Frames
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HDLC station types

= Primary station

= The station that controls the medium by sending
“command”

= Secondary station

= The station that “response” to the primary station
= Combined station

= The station that can both command and response
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2 HDLC configurations

= The relationship of hardware devices on
a link

= 3 configurations of all stations
(primary/secondary/combined)
= Unbalanced
= Symmetrical
= Balanced
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HDLC Configurations:
Unbalanced (master/slave)

Primary Secondary Secondary

o =
= ‘_|R°5P0TIS€I —|Rcsp011sel
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HDLC Configurations:

Symmetrical
One physical One physical
station station
Primary Secondary
i
o] Res :
Secondary ssponso | Primary

:

Response
-

Two Ilngwul Two logical
stations stations
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HDLC Configurations:

!.’ Balanced

Combined Combined

“ommand/
response

Command/
response
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!-‘ HDLC communication modes

Mode : describe “Who controls the link”

NEM ARM ABM
stati Primar Prima
5{‘:.“3“ i - Combined
P secondary secondary
Initiator Primary Either Any

NRM: Normal response mode (master/slave)
ARM: Asynchronous response mode

(secondary can initiate if idle, all transmissions are made to primary station)
ABM: Asynchronous balanced mode (point-to-point equal)
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HDLC frame

= 3 frame types
= Information frame (I-frame)
= Supervisory frame (S-frame)
For ACK, Flow/Error controls
= Unnumbered frame (U-frame)
For Mode setting, Initialize, Disconnect
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!-‘ HDLC Frame
qFlag Address | Control lnfom;atlnn FCS | Flag
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!-’ HDLC Frame

- User ~
ﬂﬂaﬂ Address | Control o FCS | Flag | I-frame
HFI:@ Address | Control | FCS | Flag | S-frame
Flag | Address | Control DRI FCS | Flag | U-frame
information b
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!.l HDLC Frame: Flag field

The flag is 8 bits of
a fixed pattern.

01111110

HFlag Address|Control]  Information FCS|Flag

Bit Stuffing

= How to differentiate data and flag?

= Adding one extra 0 whenever there are five
consecutive 1s in the data
Data sen

Frame senl Stuffed

t
-

Flag] Address|Control] 0001 11110110011 111001000 [FCS F1ag]
Extra 2
hits
sutroll DOOLT 11101100111 11001000 [FCS[Fag)
UnstufTe

Data received
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!-l HDLC: Bit stuffing

!-’ HDLC frame: Address field

= Primary station creates a frame
- destination address

= Secondary station creates a frame
-> source address

= Can be one byte or more
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!-| HDLC Frame: Address field

Information FCS | Flag

Flag | Address|Control

[ The address is one byte
or a multiple of bytes,

One-hyte address

LTI FITTT i [TT0]1[n

Multi-byte address
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!-’ HDLC Frame: Control field

Information ‘FCS|FIag‘

Flag |AddressContro

I-Frame |0

N(S) N(R) P/F  Poll/final bit
N(S) Sequence number of
S-Frame[1Jo] [ pH | | | frame sent

Code N(R) N(R) Scquence number of
next frame expected

U-Feame T[T TP T ] Code Gode forspervisory
Code Code
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!.l HDLC frame: Poll / Final

Primary p Secondary
N =

AN AR
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!.’ HDLC Frame: Information field
HFlag Address|Control| Information |FCS|Flag

User data in an I-Frame.
Missing in an S-Frame.
Management information in a U-frame.
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!-| HDLC Frame: FCS field
HFlug Address

Control Information

Frame check sequence
A two-byte or a four-byte CRC.

FCS: Frame check sequence
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!-’ HDLC: S-Frame

S-Frame

Hﬂag Address{Contro| FCS|Flag
I
o] | |PH | | |

Code N(R)
Code Command
[C1] RR  Receive ready
m RE]J Reject
10 RNR Receive not ready
11 SRIE]J Selective-reject
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!-| HDLC: Use of P/F field

Pri
i Secondary
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!-’ HDLC: Use of P/F field

Primary : Secondary  Piggybacking:

% g data + ack

Positive response to poll

Primary

Secondary
%! : %\

Negative response to poll
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3 HDLC: Use of P/F field

HDLC: Use of P/F field

Primary

Secondary
% — %’v

Positive response Lo select
P'nnary Secondary

Negative response Lo select

S, 0y
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Pzimary Secondary
[P = 1, RNR | ! !
Select
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HDLC: S-Frame
Acknowledgement
S-Frame
qr‘lag Address|Control FCS|Flag
Code N(R)
Code Command
[C1] RR  Receive ready
0 RIEJ Reject
10 RNR ]{cu:wc not ready
11 SRE] Selective-reject
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HDLC: S-Frame
Positive Acknowledgement

= RR
= Receiver sends “Positive Ack” (no data to send)
= N(R) = seq of next frame
= RNR
= Receiver sends “Positive Ack”
= N(R) = seq of next frame

= Receiver tells sender that sender cannot send any
frame until ‘RR’ frame is received
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HDLC: S-Frame
Negative Acknowledgement

= Reject (REJ)

= Go-back-n ARQ

= N(R) = # of damage frame (and follow)
= Selective-Reject (SREJ)

= N(R) = # of damage frame
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!-’ HDLC: U-Frame control field

U-Frame

HFlag AddressControl Nl'lﬁg'!:l FCS|Flag

111
Code Code

For session management and control information
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* HDLC: U-Frame control field HDLC: Polling example

Mainframe Station A Swtion B Stetion €

Code Command Response E Q Q‘ Q‘
00 001 SNRM = e AP
1 011 SNRME J -~
1 000 SARM DM ST
1 010 SARME
1 100 SABM
11 110 SABME
00 000 Ul U1
00 110 UA
00 010 DISC RD
10 000 SIM RIM
00 100 UP
1 001 RSET
1 101 XID XID
10 001 FRMR
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HDLC: Selecting example HDLC: Peer-to-peer example

Mainframe Station A Station B Station C Sution A Stalon B
= ¥

[}

| SABM ——
| === =X FF L-Frame F —_—
1 1
R C i Dats g #
5 s 100|P=1|11 H
UA
hl " l..?:.—.um | s ;-_ i
: o|F=1no| sB
Dhata
4 F I-Frame i
“x C Duta — 1Ba
5SS |u 0l i
Pasta
||' F I-Frame il:
5 C Datn —— BiS
S n 1 ]
SABM: Set asynchronous balanced mode Pt
510f53 UA: Unnumbered ack 52 0f 53

HDLC: Peer-to-peer example

Sustion A Station B

L]

= =Eei
———te—e o Dt e
i FFrame Fib
8 A Data ¢
£ |0 50K
Dara
r Frrane F &
< & A Data ¢
o [ 5
D
E FFrame F F
A Data ¢}
& | S8
Adowledge
B S-Frame F
ST . B}
is 2} L
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