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11. Input-Output Organization

m 11-1 Peripheral Devices

¢ 1/O Subsystem

e Provides an efficient mode of communication between the central system and the
outside environment

# Peripheral (or I/0 Device)
e [nput or Output devices attached to the computer

» Monitor ( ) : CRT, LCD
» KBD ( ) : light pen, mouse, touch screen, joy stick, digitizer
» Printer ( ) : Dot matrix (impact), thermal, ink jet, laser (non-impact)

» Storage Device : Magnetic tape, magnetic disk, optical disk
@ ASCII (American Standard Code for Information Interchange) Alphanumeric Characters

e |/O communications are usually involved in the transfer of ASCII information

e ASCII Code : Tab. 11-1
» 7Thit AFE :00-7F (0-127)
m 80-FF (128 -255): Greek, Italic, Graphics, E+=E2 X & AIS

m 11-2 Input-Output Interface

¢ Interfacell 224
e 1) A conversion of signal values may be required
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e 2) A synchronization mechanism may be needed
» The data transfer rate of peripherals is usually slower than the transfer rate of the CPU

e 3) Data codes and formats in peripherals differ from the word format in the CPU and
Memory

e 4) The operating modes of peripherals are different from each other

» Each peripherals must be controlled so as not to disturb the operation of other peripherals
connected to the CPU

¢ Interface
e Special hardware components between the CPU and peripherals
e Supervise and Synchronize all input and output transfers

4 1/0O Bus and Interface Modules : Fig. 11-1

e |/O Bus
_ 1/O bus
» Data lines Data
» Address Iines Processor Address
Control

» Control lines

e Interface Modules :
» SCSI| (Sma” Computer System |nterface) Interface Interface Interface Interface
» |IDE (Integrated Device Electronics)

i Keyboard
» Centronics ezngar Printer Magnetic Magnetic
displ disk t
» RS-232 terminal ° e
» |EEE-488 (GPIB)
Computer System Architecture Chap. 11 Input-Output Organization © Korea Univ. of Tech. & Edu.
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e |/O command :
» Control Command
» Status Command
» Input Command
» Output Command

¢ 1/O Bus versus Memory Bus

e Computer buses can be used to communicate with memory and 1/O
» 1) Use two separate buses, one for memory and the other for I/O : Fig. 11-19

= |1/O Processor
)

=-» 2) Use one common bus for both memory and I/O but have separate control lines for
each : Isolated 1/O or I/O Mapped I/O
= IN, OUT : I/O Instruction
= MOV or LD : Memory read/write Instruction

* Control Lines

I/0 Request, Mem Request, Read/Write
(-

“=» 3) Use one common bus for memory and I/O with common control lines : Memory
Mapped I/0O

= MOV or LD : /O and Memory read/write Instruction

* Control Lines
Read/Write
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Computer System Architecture Chap. 11 Input-Output Organization Dent. of Info. & Comrm,



11-4

¢ Example of I/O Interface : Fig. 11-2
e 41/O port : Data port A, Data port B, Control,

Port A /0 data
>
register

Bidirectional Bus
StatUS data bus buffers
» Hlu : 8255 PIlO ( port A, B, C, Control/Status )
e Address Decode : CS, RS1, RSO _— foe e,
———»CS
m 11-3 Asynchronous Data Transfer o san
—F ¥ RS -
4 Synchronous Data Transfer 0 T’ Cortrol | Coniro
. . C I " register
e All data transfers occur simultaneously during > ># ° E
the occurrence of a clock pulse fowite - é
e Registers in the interface share a common - il S—

clock with CPU registers
4 Asynchronous Data Transfer

To I/O device ————»

e Internal timing in each unit ( )
is independent

e Each unit uses its own private clock for internal

CS RS RS | Register selected

0 x x None : data bus in high-impedance
10 0 Port A register

1T 0 1 Port B register

1 0 Control register

1 1

reglste s Status register
k2t M Asynchronous Oll Al = 21 X data transfer Jt & 28 6t = Xl
2del= Al SOt 2 2360 Strobe 2 Handshake 24l 2 AFE &
Computer System Architecture Chap. 11 Input-Output Organization ©Kg§;_uo?i\|lr',fzf_ Leég}n&mlfzdu'
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4 Strobe : Control signal to indicate the time at which data is being transmitted
e 1) Source-initiated strobe : Fig. 11-3
e 2) Destination-initiated strobe : Fig. 11-4
Data bus Data bus >
Source Destination Source Destination
unit Strobe unit unit Strobe unit
g >
(a) Block diagram (a) Block diagram
<« Validdata—————¥ Data ® <« Valid data ——»
Strobe CD
(b) Timing diagram
Fig. 11-4 Destination-initiated strobe

Data CD

Strobe ®

(b) Timing diagram
Fig. 11-3 Source-initiated strobe

| & JtH A=A & = Sl
=015
© Korea Univ. of Tech. & Edu
Dept. of Info. & Comm

Ot 014 80
ol Data &&=

e Disadvantage of strobe method
» Destination 0| Datag

([t 2t Al Handshake methodE AtE
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4 Handshake : Agreement between two independent units

e 1) Source-initiated handshake : Fig. 11-5

e 2) Destination-initiated handshake : Fig. 11-6

Data bus
Source Data valid Destination
unit unit
Data accepted

(a) Block diagram

Data <+— Valid data 4>|
Data valid ®
Data accepted :

(b) Timing diagram

Source unit Destination unit

Place data on bus
Enable data valid. Accept data from bus
Enable data accepted

Disable data valid
Invalidate data on bus Disable data accepted
Ready to accept data

(initial state)

(c) Seaquence of events

Fig. 11-5 Source-initiated handshake

Data bus
Source Data valid Destination
unit unit
Ready for data

(a) Block diagram

Ready for data Q l—

Data valid g l—
® F Valid data g

Data bus

(b) Timing diagram

Source unit Destination unit

Place data on bus
Enable data valid.

Disable data valid
Invalidate data on busf
(initial state)

Ready o accep
data.
Enable ready for data

Accept data from bus
Disable reday for data

(c) Sequence of events

Fig. 11-6 Destination-initiated handshake

e Timeout : If the return handshake signal does not respond within a given time
period, the unit assumes that an error has occurred.

Computer System Architecture
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@ Asynchronous Serial Transfer

e Synchronous transmission : Sec. 11-8
» The two unit share a common clock frequency
» Bits are transmitted continuously at the rate dictated by the clock pulses

e Asynchronous transmission : Fig. 11-7
» Special bits are inserted at both ends of the character code

» Each character consists of three parts :
m 1) start bit : always “0”, indicate the beginning of a character
m 2) character bits : data
= 3) stop bit : always “1”
e Asynchronous transmission rules :
» D When a character is not being sent, the line is kept in the 1-state

» @ The initiation of a character transmission is detected from the start bit, which is
always “0”

» @ The character bits always follow the start bit

» @ After the last bit of the character is transmitted, a stop bit is detected when the line
returns to the 1-state for at least one bit time

L2 D ——2

1 1 o o O 1 O 1

Start . Stop
bit % Character bits + bit %

. . © K Univ. of Tech. & Edu.
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e Baud Rate : Data transfer rate in bits per second
» 10 character per second with 11 bit format = 110 bit per second

e UART (Universal Asynchronous Receiver Transmitter) : 8250
e UART (Universal Synchronous/Asynchronous Receiver Transmitter) : 8251

4 Asynchronous Communication Interface : Fig. 11-8

o 8250 SIO Transmit
. . . Transmitter Shift data
» 80 : Data Write/Read (Transmit/Receive) Bidirectional | pus register | "| register >
. data bus buffers
» 81 : Control Write/ Status Read
= A0 = RS (register select) Conwol | |Trenemiter TG

Chip select cs register and clock

e Double Buffered (in transmit register)
» New character can be loaded as soon as e Timing

and Status

Receiver

clock
control 4———

Internal bus

Receiver

the previous one starts transmission — /Oread g, Control register and clock
e 3 possible errors (in status register) _owite e —
» 1) parity error Teoeter * | register &
= Even or Odd parity error
» 2) framing error CS RS|Operation| Register selected
0 x x None : data bus in high—-impedance

= right number of stop bits is not detected

. 1 0 WR Transmitter register
at the end of the received character 1 1] WR | Control register
» 3) overrun error 1 0 RD Receiver register
1 1 RD Status register

m  CPU does not read the character from
the receiver register before the next one is available

. . © K Univ. of Tech. & Edu.
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¢ First-In, First-Out (FIFO) Buffer : Fig. 11-9

e Fi:F4=1=Output ready il R2 RS R
—> > > —>
» 1 =valid data in Ri ~ -
. . . Data —» 4-bit > 4-bit > 4-pit 4-pit [ » Data
» 0 =no valid data in Ri input | register p| register »| register register |, output
e Fi': F1' =1 = Input ready o > > o
» 1 — empty in RI Clock Clock Clock Clock
» 0 =fullin RIi
e Data Input
—_ L (o]}
29| AH » 1) Input ready —;1 (F1I'=1) & oot Q Q
F1=0 Insert=1 2 o4 GOl &&  —>
Fl,": 1 | » 2ANDgate o 2101 1 0] SIS A
s ol2t G0IE It RIS2 F&E T,
» 3)S=10] & ™ F/F Ol set &l s RI+ds  Fe s FtS  F >
F1=10| ECt. !
» 4)R2 I HI0 Y2 F2r=1 02 —R Fil— R Fol —R Fa— R Fal—
F1=1 ﬂ|’ AND gate% %I’JSPP_ P Eelete
R12 LHE0| R22 ™S EICH. Input ready °
e Data Output Master'clear
» 1) Outputready =1 (F4=1) & [ Delete=1 = ot HIOIH &5
» 2)Delete=10/HR=1( ) Ol &I Output ready = 0 ( ) ez &L

» 3) Delete Jt 1 0l Al 0 Ol &/ ™ 3 input AND gate 2| 0] 1 0| & HA
R3IJIR4 2 MELTHA S=10] & CtAl Output ready =1 2 S CF.
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m 11-4 Modes of Transfer

¢ Data transfer to and from peripherals
e 1) Programmed 1/O :
e 2) Interrupt-initiated 1/O : | Checkilagbit |
e 3) Direct Memory Access (DMA) :
e 4)1/0O Processor (I0OP) :

¢ Example of Programmed I/O : Fig. 11-10, 11-11

Read status register

Read data register

Data bus Interface I/0 bus i
‘ Transfer data to memory ‘
Address bus Data register
Data valid I/0
CPU I/O read device
. Status
I/O write register F Data accepted
Continue
. with
F = Flag bit program

¢ Interrupt-initiated 1/0O
e 1) Non-vectored : fixed branch address
e 2) Vectored : interrupt source supplies the branch address (interrupt vector)

. . © K Univ. of Tech. & Edu.
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¢ Software Considerations

e |/O routines
» software routines for controlling peripherals and for transfer of data between the
processor and peripherals

e |/O routines for standard peripherals are provided by the manufacturer (Device
driver, OS or BIOS)

e |/O routines are usually included within the operating system

e 1/O routines are usually available as operating system procedures ( OS or BIOS
function call)

11-5 Priority Interrupt

¢ Priority Interrupt
e |dentify the source of the interrupt when several sources will request service
simultaneously
e Determine which condition is to be serviced first when two or more requests
arrive simultaneously
o XN & :
» 1) Software : Polling
» 2) Hardware : Daisy chain, Parallel priority

© Korea Univ. of Tech. & Edu.
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¢ Polling

e |dentify the highest-priority source by software means
» One common branch address is used for all interrupts
» Program polls the interrupt sources in sequence
» The highest-priority source is tested first
e Polling priority interrupt 2| &&
» If there are many interrupt sources, the time required to poll them can exceed the time
available to service the I/O device

» M2t Al Hardware priority interrupt € At
¢ Daisy-Chaining : Fig. 11-12

Processor data bus

T VAD 1 T¥ * vab 3

“1" Device 1 “1" Device 2 “O" Device 3 To next
Device 2 =l,> —p Pl PO———» Pl PO——» Pl PO—"7—>» Device
Interrupt Request
, v
Interrupt request
-
L k INT
CPU
Interrupt acknowledge INTACK

. . © K Univ. of Tech. & Edu.
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e One stage of the daisy-chain priority arrangement : Fig. 11-13

VAD
INTACPKI Priority in — Epeele
» Vector address
INT — Priority out
Interrupt ———S Q RF } L/ > "0
request
from device . PI RF @ PO Enable
@ 0 0 0 0
Delay < @ 0 1 0 0
Open—collectorL A 1 0 1 0
inverter Interrupt request to CPU® 1 1 1 1

@ No interrupt request

@ Invalid : interrupt request, but no acknowledge

® No interrupt request : Pass to other device (other device requested interrupt)

@ Interrupt request

Computer System Architecture

Chap. 11 Input-Output Organization
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¢ Parallel Priority

e Priority EncoderE 0| & &t Parallel Priority :

Fig. 11-14

Interrupt
register

disk —

» Interrupt Enable F/F (IEN) : set or cleared

by the program

0

Printer —|

» Interrupt Status F/F (IST) : set or cleared by

the encoder output

Reade —

e Priority Encoder Truth Table : Tab. 11-2 f

> I, RY =2 28 &2

=2 D= T T UV T

¢ Interrupt Cycle

Keyboard—

e At the end of each instruction cycle, CPU

checks IEN and IST

e if both IEN and IST equal to “1”

e CPU goes to an Instruction Cycle
» Sequence of microoperation during

Instruction Cycle

SP<«SP-1
M[SP]« P
Branch to ISR [SP]«PC
INTACK «1
PC «VAD
IEN «0

Go to Fetch next instruction

: Decrement stack point
: Push PC into stack

: Enable INTACK

: Transfer VAD to PC

: Disable further interrupts register

3

Mask

VAD
to CPU
} o v
x>
} I Priority T—»
encoder T L~
j::>4447|2 0l
0l
} 8 0>
0l
o Enable
—
L/

) [nterrupt

L to CPU

INTACK
from CPU

Computer System Architecture

Chap. 11 Input-Output Organization
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¢ Software Routines
e CPUJI & M main program?| 749 B X|E &l el &= =0i KBD interrupt & 44
e KBD service program?2| 255 HX|E aldl &= =0 DISK interrupt 224

Address
i Memory |/O service programs
0 JMP DISK DISK-—» Program to service
magnetic disk
1 JMP PDR
2 JMP RDR PTR —®» Program to service
line printer
3 JMP KBD

KBD Int. Here
749 RODR—>» Program to service
character reader

(750)—»  Main program

KBD —®» Program to service

Keyboard
Stack 256 —» \
256
@75 DISK Int. Here
255

. . K iv. of Tech. & Edu.
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L
e Initial Operation of ISR

»

»

»

»

»

1) Clear lower-level mask register bit ( )
2) Clear interrupt status bit IST

3) Save contents of processor registers

4) Set interrupt enable bit IEN ( )
5) Proceed with service routine

e Final Operation of ISR

»

»

»

»

»

¢ DMA

1) Clear interrupt enable bit IEN ( )

2) Restore contents of processor registers

3) Clear the bit in the interrupt register belonging to the source that has been serviced
4) Set lower-level priority bits in the mask register ( )

5) Restore return address into PC and set IEN

11-6 Direct Memory Access (DMA)

e DMA controller takes over the buses to manage the transfer directly between the
I/O device and memory (Bus Request/Grant &S 0| &)

DBUS «—» Address bus
BR BR High—impedance
DMA Bus request ABUS —» Data bus 9 (disszle)
Controller CPU when BG is
RD > Read enabled
BG BG
Bus grant WR——>» Write

© Korea Univ. of Tech. & Edu.
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¢ Transfer Modes
e 1) Burst transfer : Block &% 8 &
e 2) Cycle stealing transfer : Byte ¢ & &
¢ DMA Controller ( Intel 8237 DMAC)) : Fig. 11-17

e DMA Initialization Process Address bus <
» 1) Set Address register :
= memory address for read/write "
» 2) Set Word count register : Data bl Dg:lta bus Adgﬁ(?:rgus
= the number of words to transfer uffers
» 3) Set transfer mode :
= read/write,

= burst/cycle stealing, DMA select—» CS
= 1/Oto /O,
= |/O to Memory,

= Memory to Memory

<«4—»  Address register

Register select —» RS
Read «<—»RD

Internal bus

<«—» Word count register

= Memory search Wiite «——»WR
m |/O search Bus request «—BR logic <—»  Control register
» 4) DMA transfer start : next section Bus grant—» BG
» 5) EOT (End of Transfer) : Interrupt «— Interrupt OV e
= Interrupt 244 DMA Acknowledge to 1/0 device

. . © K Univ. of Tech. & Edu.
Computer System Architecture Chap. 11 Input-Output Organization Dent. of Info. & Comrm,



11-18

4 DMA Transfer (1/0 to Memory)

e 1) I/O Device sends a DMA request
e 2) DMAC activates the BR line '”:"”pt -
B andom access
e 3) CPU responds with BG line N o memory (RAM)
e 4) DMAC sends a DMA acknowledge
RD WR Address Data RD WR Address Data
to the 1/0O device oad contral
e 5) I/O device puts a word in the data | Write control
bUS ( ) Data bus

Address bus

e 6) DMAC write a data to the address
specified by Address register

Address

e 7) Decrement Word count register select

e 8) Word count register =0 0|™H
EOT interrupt 2450 CPUN| £ & LD:D WR Addiess  Data | acknowledge

e 9) Word count register 0 0|™H b Dirctmomon o
DMAC checks the DMA request from BR controller WA request device
/O device ,Efe”upt

. . © K Univ. of Tech. & Edu.
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m 11-7 Input-Output Processor (I0OP)

¢ |OP : Fig. 11-19
e Communicate directly with all I/O devices

e Fetch and execute its own instruction
» |OP instructions are specifically designed to facilitate 1/O transfer

» DMAC must be set up entirely by the CPU
e Designed to handle the details of I1/O processing

Central Processing
unit (CPU)

i

Peripheral devices

Memory unit <> @ @ @ @
Input—output

processor (I0P) I/O bus

Memory bus

i

¢ Command
e Instruction that are read form memory by an IOP
» Distinguish from instructions that are read by the CPU
» Commands are prepared by experienced programmers and are stored in memory

» Command word = IOP program
Chap. 11 Input-Output Organization e e o
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¢ CPU - I0P Communication : Fig. 11-20

e Memory units acts as a message center : Information 8 & & S
» each processor leaves information for the other

CPU Program

CPU operations

IOP operations

Send instruction
to test IOP path

Transfer status word
to_memory location

If status OK. , send
start 1/O instruction
to IOP

\Message Centeﬂ

N

IOP program

Access memory for

CPU continues with
another program

status report

Conduct 1/0 transfer

using DMA ; prepare IOP Program

interrupt CPU

Request IOP status

I/0 transfer completed

Check status word
for correct transfer

Transfer status word
to memory location

V)

Continue

Computer System Architecture

Chap. 11 Input-Output Organization
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¢ IBM 370 I/O Channel

e Channel =1/O Processor in IBM 370 computer

e Three types of channel

» 1) Multiplexer channel : slow-medium speed device, operating with a number of I/O

devices simultaneously

» 2) Selector channel : high-speed device, one I/O operation at a time

» 3) Block-Multiplexer channel : 1) + 2)

e |/O instruction format : Fig. 11-21(a)

» Operation code : 8 i
m Start I/O, Start I/O fast release ( ),
Test I/O, Clear I/0O, Halt I/O, Halt device,
Test channel, Store channel ID

e Channel Status Word : Fig. 11-21(b)
» Always stored in Address 64 in memory
» Key : Protection used to prevent unauthorized
access
» Address : Last channel command word address
used by channel
» Count: 0 ( )

Operation| Channel | Device
code address | address
(a) 1/0 instruction format
Key Address Status Count
(b) Channel status word format
Command
code Data address Flags Count

(c) Channel command word format

Computer System Architecture

Chap. 11 Input-Output Organization
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e Channel Status Word : Fig. 11-21(c)
» Always stored in Address 72 in memory

» Command Code
m  Write : transfer data from memory to I/O device
= Read : transfer data I/O device to memory
= Read backwards : read magnetic tape with tape moving backward
= Control : rewinding of tape, positioning a disk-access mechanism (HDD head control)
m  Sense : inform the channel status word to the address 64 (Status Read)
m Transfer in channel : channel jump command (Channel change)

» Flags
= 100000 : data chaining (same record)
= 010000 : command chaining (same device)
= 000000 : separate record,and End of 1/0O operation

e Example of a channel program : Tab. 11-3 Memory Szgzgtgxiccoerd Tape
3000 10+
Command  Address  Flags  Count
Witetape 4000 100000 60 4000 .

Write tape 6000 010000 20 N
Write tape 3000 000000 40

6000 20

Same record
same device

© Korea Univ. of Tech. & Edu.
Dept. of Info. & Comm.
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e Location of information in the IBM 370 : Fig. 11-22

@® Address 72 0ll 1/O channel program?| Memory unit
Al & Address (xxxx) € 0l2| &3
® CPU0| 2|6l Start I/O &4 & AldH Flg 11'21(b)::> @ Channel status word | 64

® 1/0 channel program0]| Al &4 o
@ A8 ZE Address 6401 M &

Channel address word | 72 XXXX

hannel command word 1

Flg 11-21(3.)I|:> @ Channel command word 2

Channel command word 3

_ - : CPU
Flg. 11-21(C) I|:> ® Start 1/O instruction >

. . © K Univ. of Tech. & Edu.
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¢ Intel 8089 IOP : Fig. 11-23

4 Location of Information : Fig. 11-24

8086
CPU
+ =| <
o — Dl o
2 8 &= Bus System .
s (0] [
= P
gl 3 £ I3 Controller bus Memory unit
£ Ol®
A
8089 < v Local bus
|OP
‘ Interface ‘ ‘ Interface ‘
‘ Input device ‘ ‘Output device‘

D CPU enables channel attention

@ Select one of two channels of 8089
® 8089 gets attention of the CPU by

sending an interrupt request

oneek Parameter block Task block
Busy | COW J—} TBaddiess ——»
PBaddress | Memory address 8|OOEISD9
Byte count program
Device address

Track and sector

Status

e Channel Command Word (CCW) :
message center

» Start command
» Suspend command
» Resume command
» Halt command

Computer System Architecture

Chap. 11 Input-Output Organization
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“Data Communication” w J} & 1)

m 11-8 Serial Communication

¢ Difference between I/O Processor and Data Communication Processor

e |/O Processor
» communicate with peripherals through a common I/O bus (data, address, control bus)

e Data Communication Processor
» communicate with each terminal through a single pair of wires
€ Modem ( = Data Sets, Acoustic Couplers )
e Convert digital signals into audio tones to be transmitted over telephone lines
e Various modulation schemes are used ( )
¢ Block transfer
e An entire block of characters is transmitted in synchronous transmission

e Transmitter sends one more character (error check) after the entire block is
sent

¢ Error Check
e LRC (Longitudinal Redundancy Check) : XOR
e CRC (Cyclic Redundancy Check) : Polynomial
4 3 Transmission System
e Simplex : one direction only
e Half-duplex : both directions but only one direction at a time
e Full-duplex : both directions simultaneously

; : © Korea Univ. of Tech. & Edu.
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¢ Data Link

e The communication lines, modems, and other equipment used in the
transmission of information between two or more stations

4 Data Link Protocol
e 1) Character-Oriented Protocol
e 2) Bit-Oriented Protocol

4 Character-Oriented Protocol
e Message format for Character-Oriented Protocol : Fig. 11-25

SYN | SYN | SOH = Header | STX Text ETX | BCC

» TEXT: A& WS
» BCC : Block Check Character ( )
e ASCII Communication Control Character : Tab. 11-4
» SYN (0010110) : Establishes synchronism
» SOH (0000001) : Start of Header ( )
» STX (0000010) : Start of Text
» ETX (0000011) : End of Text

e Transmission Example : Tab. 11-5, 11-6

. . © K Univ. of Tech. & Edu.
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¢ Data Transparency

e Character-Oriented Protocol (| Al Binary Information= &8 &06tH, 0| £ Control
Character2 29010t 2 MOt & A4

e [[f2tAl Character-Oriented Protocol0l Al Data TransparencyS oli Z ot 2| < oll A
DLE (Data Link Escape) CharacterE AtE
¢ DLE

e Inserting a DLE character (bit pattern = 00010000) before each control character
» DLE ETX DLE SYN

e _]2{Lt DLE character is inefficient and somewhat complicated to implement
e ([I2t A Bit-Oriented Protocol2 AtZ
4 Bit-Oriented Protocol
e Transmit a serial bit stream (Frame) of any length without character boundaries

e Examples of bit-oriented protocol
» 1) SDLC (Synchronous Data Link Control) : IBM
» 2) HDLC (High-level Data Link Control) : ISO
» 3) ADCCP (Advanced Data Communication Control Procedure) : ANSI

e Frame format for bit-oriented protocol : Fig. 11-26

(’ Flag \ Address | Control Information Frame check (f Flag \>
01111110/ 8 bits 8 bits any number of bits 16 bits 01111110,

» Flag : A frame starts and ends with 8-bit flag (01111110)

. . © K Univ. of Tech. & Edu.
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L
e Zero Insertion
» Prevent a flag from occurring in the middle of a data frame
» Zero (0) is inserted by transmitting station after any succession of five continuous 1's
» Example of zero insertion : 01111110 (data)=> 011111010
» Receiver always removes a 0 that follows a succession of five 1's

e Control field format : Fig. 11-27

1 2 ‘ 3 ‘ 4 5 6 ‘ 7 ‘ 8
Information transfer : o Ns P/F Nr
\ \ \
Supervisory : 1 o Code P/F Nr
\
Unumbered : 1 1 Code P/F Code

Ns Send count P/F Poll/final

Nr Receive count Code Binary code

» 1) Information Transfer : for ordinary data transmission

» 2) Supervisory : for ready, busy condition check, ...
» 3) Unnumbered : for initialization of link functions, reporting errors, ...

SecurityE ?[6tH 22l = H2Io5IH AtES &
© Korea Univ. of Tech. & Edu.
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e Control Fields
» NS : send frame count
» Nr : error free & receive frame count

» PIF:

M T U T

[ | |
© r O

. primary station is finished and ready for the secondary station to respond
. each frame sent to the secondary station from the primary station

: secondary station sends the last frame
: secondary station responds with a number of frame (when primary station is finished)

» Code : type of command/response
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