
Data Link Control

Funct ional requirement s f or ef f ect ive dat a
communications betw een tw o directly connected
transmitt ing-receiving stat ions:

! Frame Synchronization

! Use of a Variety of Line Configurations

! Flow  Control

! Error Control

! Addressing

! Control and Data on Same Link

! Link Management



Frame Synchronization

! Character Oriented Frames

Base unit of information is a character.

! Bit  Oriented Frames

Base unit of information is a bit .



Data Types and Functions for Subsequent Protocols



An Unrestricted Simplex Protocol



Flow Control & Error Control Mechanisms

Flow  Control:

! Stop-and-Wait

! Sliding Window

Error Control:

! Stop-and-Wait ARQ

! Go-Back-N ARQ

! Selective-Repeat ARQ



Stop-and-Wait Flow  Control Protocol

Stop-and-Wait Flow Control Protocol

Basic Operation:

! Sender transmits a data frame and then, before
transmitt ing any other data frames, w aits for a signal
(an ACK) from the receiver, w hich indicates its
w illingness to receive more data.



A Simplex Stop-and-Wait Protocol



Stop-and-Wait Flow Control - Performance

! Assume a half-duplex, point-to-point link

! It  can be show n that the eff iciency of the link is

U =  1/(1+ 2a)

w here

a =  Bit Propagation Time/Frame Transmission Time





Sliding Window Protocol

Basic Operation:

! The sender and receiver each maintain a w indow .

- Transmit Window :
A list of the sequence numbers of frames that a
transmitt ing stat ion may send.

- Receive Window :
A list of the sequence numbers of frames that a
receiving station is w illing to receive.

! The w indow s open and close (slide) as frames are
transmitted and received. 

! The Maximum Transmit Window  Size (N) determines
how  many frames can be in transit simultaneously.

! The Window  Size can be used as a f low  control
mechanism.



Sliding Window Protocol



Sliding Window Protocol

Characteristics & Performance

! The Maximum Transmit Window  Size (N) determines
how  many frames can be in transit simultaneously.

! The Window  Size can be used as a f low  control
mechanism.

! Efficiency is now  a function of both ' N'  and ' a' .

U =  1 for N >  2a+ 1

U =  N/(2a+ 1) for N <  2a+ 1





Error Control

Types of Errors:

! Lost Frame:
The receiver is not aw are that a frame has been
transmitted.

! Damaged Frame:
A recognizable frame arrives at the receiver,
how ever, some of the bits are in error.

Error Control Ingredients:

! Error Detection:
Ascertain that there w as an error.

!  Posit ive Acknow ledgement:
The receiver ACKs successfully received, error-free
frames.

!  Retransmission After Timeout:
The source retransmits a frame that has not been
acknow ledged after a predetermined amount of t ime.

!  Negative Acknow ledgement and Retransmission:
The destinat ion NAKs frames in w hich an error is
detected. The source retransmits such frames.

Automatic Repeat Request (ARQ) Techniques:

! Stop-and-Wait ARQ
! Go-Back-N Continuous ARQ
! Selective-Repeat Continuous ARQ



Stop-and-Wait ARQ

Uses a Simple Stop-and-Wait Acknow ledgement Scheme:

Receiver sends either an ACK or a NAK (see code).

Questions & Problems:

1. What if  the transmitted frame is lost?

Answ er: Must equip the transmitter w ith a TIMER.

2. What if  the ACK gets lost (receiver may get a
duplicate)?

Answ er: Must put SEQUENCE NUMBERS (names)
w ithin the transmitted  frames to allow  the
receiver to detect duplicates.

3. a) The transmitter sends out frame 0 w hich is
properly received.

b) The ACK is slow  in gett ing back to the
transmitter. The t imer goes off causing the
transmitter to send a duplicate of frame 0 w hich
is also received correctly. 

c) The receiver sends back a second ACK. 
d) The f irst ACK arrives at the transmitter w hich

then sends out frame 1 w hich gets lost. 
e) Here comes the second ACK.

Answ er: Must sequence the ACKs (e.g. ACK0 -
ACK1).



Stop-and-Wait ARQ

Stop-and-Wait ARQ



A Simplex Stop-and-Wait ARQ Protocol



Go-back-N ARQ

! A stat ion may send a series of frames determined by
the w indow  size, using the sliding w indow  flow
control technique.

! While no errors occur, the destination station w ill ACK
incoming frames as usual.

Error Control:

Assume that A is sending frames to B.

1. Damaged or Lost Frames:

a. A transmits frame i.
B detects an error in frame i and has
previously successfully received frame i-1.
B sends a NAK i, indicating that frame i is
rejected.
When A receives this NAK, it  must go back
and retransmit frame i and all subsequent
frames that it  has transmitted.

b. Frame i is lost in transit.
A subsequently sends frame i+ 1.
B receives frame i+ 1 out of order, and
sends a NAK i.
Upon receipt of the NAK, A proceeds as
above.



c. Frame i is lost in transit and A does not
soon send addit ional frames.
B receives nothing and returns neither an
ACK nor a NAK.
A w ill t ime out and retransmit frame i.

2. Damaged or Lost ACK:

a. B receives frame i and sends ACK (i+ 1),
w hich is lost in transit.
Since ACKs are cumulative (e.g., ACK 6
means that all f rames through 5 are
acknow ledged,) it  may be that A w ill receive
a subsequent ACK to a subsequent frame
that w ill do the job of the lost ACK before
the associated t imer expires.

b. If  A' s t imer expires, A retransmits frame i
and all subsequent frames (or alternately, A
can create a checkpoint by requesting an
ACK).

3. Damaged or Lost NAK:

If a NAK is lost, A w ill eventually t ime out
on the associated frame and retransmit that
frame and all subsequent frames.



Go-Back-N ARQ

Go-Back-N ARQ



Go-Back-N ARQ

Questions & Problems:

1. What is the maximum size of the receive w indow ?

Ans. 1

2. What is the maximum size of the transmit w indow ?

Ans. 2 -1n

Proof: 
a) Assume w indow  size is 2 . n

b) Sender transmits all 2  frames.n

c) An ACK comes in for frame 2 .n

d) There is no w ay to tell if  all the frames have
arrived correctly or none of the frames have
arrived correctly.



A Bidirectional Sliding Window Protocol



A Bidirectional Go-Back-N ARQ Protocol



A Bidirectional Go-Back-N ARQ Protocol cont.



Selective-Repeat ARQ

! A stat ion may send a series of frames determined by
the w indow  size, using the sliding w indow  flow
control technique.

! While no errors occur, the destination station w ill ACK
incoming frames as usual.

Error Control:

Assume that A is sending frames to B.

1. Damaged or Lost Frames:

a. A transmits frame i.
B detects an error in frame i and has
previously successfully received frame i-1.
B sends a NAK i, indicating that frame i is
rejected.
B buffers any subsequent frames received
that are w ithin its receiving w indow .
When A receives this NAK, it  retransmits
frame i only.

b. Frame i is lost in transit.
A subsequently sends frame i+ 1.
B receives frame i+ 1 out of order, and
sends a NAK i.
B buffers frame i+ 1 and all subsequent
frames w ithin its receiving w indow .
When A receives the NAK, it  retransmits
frame i only.



c. Frame i is lost in transit and A does not
soon send addit ional frames.
B receives nothing and returns neither an
ACK nor a NAK.
A w ill t ime out and retransmit frame i only.

2. Damaged or Lost ACK:

a. B receives frame i and sends ACK (i+ 1),
w hich is lost in transit.
Since ACKs are cumulative, it  may be that
A w ill receive a subsequent ACK to a
subsequent frame that w ill do the job of the
lost ACK before the associated t imer
expires.

b. If  A' s t imer expires, A retransmits frame i
only (or alternately, A can create a
checkpoint by requesting an ACK).

3. Damaged or Lost NAK:

If a NAK is lost, A w ill eventually t ime out
on the associated frame and retransmit that
frame only.



Selective-Repeat ARQ

Selective-Repeat ARQ



Questions & Problems:

1. What is the maximum size of the receive w indow ?

Answ er: The maximum receive w indow  size should
be no more than half the range of sequence
numbers.

2. What is the maximum size of the transmit w indow ?

Answ er: Transmit w indow  size +  Receive w indow
size # 2n



A Bidirectional Selective Repeat ARQ Protocol



A Bidirectional Selective Repeat ARQ Protocol cont.
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