' ECE453 — Introduction to
Computer Networks

‘ Lecture 5 — Data Link Protocols (1)

Elementary Data Link Protocols

#An Unrestricted Simplex Protocol
#A Simplex Stop-and-Wait Protocol
# A Simplex Protocol for a Noisy Channel
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Unrestricted Simplex Protocol
— the Utopia

# Both the transmitting and receiving network
layers are always ready

# Infinite buffer space is available

4 The communication channel between the
data link layers never damages or loses
frames

# Data are transmitted in one direction only
4 Processing time can be ignored




“Unrestricted Simplex Protocol

void senderl (void) void receiverl (void)
{ {
frame s; frame r;
packet buffer; event_type event;
while (true) { while (true) {
from_network_layer(&buffer); wait_for_event(&event);
s.info = buffer; from_physical_layer(&r);
to_physical_layer(&s); to_network_layer(&r.info);
} }
} }

Simplex Stop-and-Wait Protocol
Assumptions
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# The communication channel between the
data link layers never damages or loses

frames
# Data are transmitted in one direction only
# Processing time can be ignored

Simplex Stop-and-Wait Protocol

void sender2 (void) void receiver2 (void)
{ {

frames; framer, s;

packet buffer; event_type event;

event_type event;

while (true) { while (true) {
from_network_layer(&buffer); wait_for_event(&event);
s.info = buffer; from_physical_layer(&r);
to_physical_layer(&s); to_network_layer(&r.info);
wait_for_event(&event); to_physical_layer(&s);

} }

} }




Simplex Stop-and-Wait Protocol
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A Simplex Protocol for a Noisy
Channel (also a Stop-and-Wait)
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# Data are transmitted in one direction only
# Processing time can be ignored

void sender3 (void) I
: A Simplex Protocol
seq_nr next_frame_to_send; for a NO|SV Channel
frames; void receiver3 (void)
packet buffer; {
event_type event; seq_nr frame_expected;
framer, s;
from_network_layer(&buffer); event_type event;
while (true) {
s.info = buffer;

next_frame_to_send = 0;

frame_expected = 0;
s.seq = next_frame_to_send; while (true) {
to_physical_layer(&s);
start_timer(s.seq);
wait_for_event(&event);
if (event == frame_arrival) {

from_physical_layer(&s);

wait_for_event(&event);

if (event == frame_arrival) {
from_physical_layer(&r);

if (r.seq == frame_expected) {

to_network_layer(&r.info);
if (s.ack == next_frame_to_send) { inc(frame_expected);
stop_timer(s.ack); }
from_network_layer(&buffer);

s.ack = 1 - frame_expected;
inc(next_frame_to_send);

to_physical_layer(&s);
} }
} }
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Simplex Stop-and-Wait
Protocol in Noisy Channel
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Problem with Stop-and-Wait

(a) a slop-and-wel probecel in eperalien (b @ pipelned peolecol in operation

Sliding Window Protocols

# Assumptions

Rtk
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s Processiy tie carbe-tgnored:
#Go Back N (GBN)
# Selective Repeat (SR)
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Piggybacking

#Temporarily delaying outgoing
acknowledgements so that they can be
hooked onto the next outgoing data
frame
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‘GBN

#Sender is allowed to transmit multiple
packets without waiting for an
acknowledgement, but is constrained to
have no more than some maximum
allowable number (N)

#Use cumulative acknowledgement

#Discard out-of-order packets, no
receiver buffering

“ldea Behind Sliding Window
ilefa]els)-  [ale[slals])-

Initial window Window slides

Send packet 1

Receive packet 1
Send ACK1
Receive packet 2

Send ACK2
Receive ACK 1

Receive packet 3
Receive ACK 2 / Send ACK3
Receive ACK 3

Send packet 2

Send packet 3
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GBN Example

sender receiver
send pkil N“"\\,
rev pkid
send pktl send ACKD
send pkt2 -_\‘_(L‘KQSS lscf_‘-)’r?ér]ACK]
send pktd
(wait}) rev pktd, discard
¥ send ACK]
rev ACKO
send pktd
rov pktd, discard
Tov ACK) send ACKT

-H-H_\"""‘“ﬂ
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- ki iscar
oki2 timeout N Sradedpeord
send pki2 “‘-—-.\_____‘_.
seng pt;g \ rev pit2, deliver
send p e
send pkis rev pkid, deliver
\ send ACK3

SR

#Out-of-order packets are buffered until
any missing packets are received
(receiver also has a window)

#Re-acknowledgement is required,

otherwise the sender’s window wiill
never move.

Example — Selective -
Acknowledgement

pkiD sent
01 23l4a56789

pkt0 rovd, defvered, ACKD sent
okt sent

ol 234)l5678¢9
[2esers9
e — pkil revd, delivered, ACK] sent

- N
(1230456789 ——p L] EEX I Cp R

pht3 sent, window full
456789

ACKD rovd, pkid sent
ofiz3slsevee

pkt3 rovd, buffered, ACK3 sent
0 [Z3age 789

pkid rovd, buffered. ACKA sent

P2 fimeout, pki2 resent [ e PEER

o[Z5ds 6789
ACKL rovel, a5 sent
o1l23asle7ae

pki2 rovd. deliver pis 2,3, 4
¥ it

ACK2

2 By
01234567 4%

pktS rovd, detivered, ACKS sent

0123456784




Summary — Reliable Data
Transfer (RDT) Protocols

#Utopia
# Stop-and-wait protocol

= Simplex stop-and-wait

= Simplex stop-and-wait in noisy channel
#Sliding window protocols

= Go-Back-N (GBN)

= Selective Repeat (SR)
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