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Data Link Layer

Provides a well-defined service interface to the
network layer.

Determines how the bits of the physical layer
are grouped into frames

Deals with transmission errors (CRC and ARQ).
Regulates the flow of frames.
Performs general link layer management.
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Tanenbaum’s Data Link
Treatment

e Concerned with communication between two
adjacent nodes In the subnet (node to node).

e Assumptions:
— Bitsdelivered in the order sent.

— Rigid interface between the HOST and the node
=» the communications policy and the Host
protocol (with OS effects) can evolve separately.

— usesasimplified model.
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Layer 4

Layer 2

frame

DataLink Layer Model
Assume Host has infinite supply of messages.
Node constructs frame from a single packet message.
Checksum is automatically appended in the hardware.
Protocols are developed in increasing complexity to help
students understand the data link layer issues.
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#define MAX_PKT 1024 /* determines packet size in byles */

typedef enum {false, true} boolean; /* boolean type */
typedef unsigned int seq_nr, /* sequence or ack numbers */
typedef struct {unsigned char data[MAX_PKT];} packet;/* packet definition */
typedef enum {data, ack, nak} frame_kind; /* frame_kind definition #/
typedef struct { /* frames are transported in this layer =/
frame_kind kind: /* what kind of a frame is it? =/
seq_nrseq; /* sequence number */
seq_nr ack; /* acknowledgement number */
packet info; /* the network layer packet */
} frame;
Continued -

Figure 3-9. Some definitions needed in the protocols to
follow. These arelocated in the file protocol..h.
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* Wait for an event to happen; return its type in event. */
void wait_for_event(event_type *event);

I* Fetch a packet from the network layer for transmission on the channel. #/
void from_network_layer(packet #p);

/* Deliver information from an inbound frame to the network layer. #/
void to_network_layer(packel *p);

/* Go get an inbound frame from the physical layer and copy it to r. #/
void from_physical _layer(frame *r);

/* Pass the frame to the physical layer for transmission, */
void to_physical_layer(frame *s);

I+ Start the clock running and enable the timeoul event. +/

Ei gure 3.9 Some void start_timer(seq_nr k);

I+ Stop the clock and disable the timeout event. */

definitions needed in void stop_timer(seq_nr k);

the pl‘OtOCOl Sto [+ Start an auxiliary timer and enable the ack _timeoutevent. #/
follow. Th e void start_ack_timer({void);

- ) /* Stop the auxiliary timer and disable the ack_timeoutevent, */
|located in the file void stop_ack_timer(void):
protocol . /+ Allow the network layer to cause a network_layer_ready event, */

void enable_network_layer(void);

/* Forbid the network layer from causing a network_layer_ready event. #/
void disable_network_layer(void);

I* Macro inc is expanded in-line: Increment k circularly. +/
#define inc(k) if (k <« MAX_SEQ) k=k+1;else k=0




network layer

datalink layer

physical layer

packet

frame

kind
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/= Protocol 1 (utopia) provides for data transmission in one direction only, from
sender to receiver. The communication channel is assumed to be error free,
and the receiver is assumed to be able to process all the input infinitely quickly.
Consequently, the sender just sits in a loop pumping data out onto the line as
fast as it can. */

typedef enum {frame amival} event type;
#include "protocol.h”

void sender1(void)

{

frame s; !+ buffer for an outbound frame */
packet buffer; /= buffer for an outbound packet */

while (true) {
from_network_layer{&buffer); /* go get something to send */

s.info = buffer; /* copy it into s for transmission =/
to_physical_layer{&s); f* send it on its way =/
1 / * Tomorrow, and tomorrow, and tomorrow,

Creeps in this peity pace from day to day
To the last syllable of recorded time
- Macbeth, V, v #/
}

void receiver!(void)

{

frame r;
event_type event; /= filled in by wait, but not used here */
while (true) {
wait_for_event(&event); /= only possibility is frame_arrival */
from_physical_layer(&r); /* go get the inbound frame =/

to_network_layer{&r.info); /* pass the data to the network layer =/

)
}




/= Protocol 2 (stop-and-wait) also provides for a one-directional flow of data from
sender to receiver. The communication channel is once again assumed to be error
free, as in protocol 1. However, this time, the receiver has only a finite buffer
capacity and a finite processing speed, so the protocol must explicitly prevent
the sender from flooding the receiver with data faster than it can be handled, */

typedef enum {frame_arrival} event_type;
#include "protocol.h"

void sender2(void)
d
frame s; {* buffer for an outbound frame #/
packet buffer, {+ buffer for an outbound packet */
event_fype event; {* frame_arrival is the only possibility */
while (true) {
from_network_layer(&buffer);  /* go get something to send =/
s.info = buffer; {* copy it into s for transmission */
to_physical_layer|&s); {* bye bye little frame */
wait_for_event(&event); {* do not proceed until given the go ahead =/

h
}

void receiver2(void)

{

frame r, s; /* buffers for frames =/

event_type event; /* frame_arrival is the only possibility */

while (true) {
wait_for_event(&event), {* only possibility is frame_arrival */
from_physical_layer{&r); {* go get the inbound frame */
to_network_layer{&r.info); /* pass the data to the network layer =/

to_physical_layer(&s); /* send a dummy frame to awaken sender */




(@) Framellost Time-out

, time

< >
A frame &rame rame frame
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(b) ACK lost Time-out

A < > y» lime
frame frame rame frame
O >
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ACK ACK ACK
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In parts (a) and (b) transmitting station A acts the same way, but part (b)
receiving station B accepts frame 1 twice.

>

Copyright ©2000 The McGraw Hill Companies Leon-Garcia & Widjgjaz Communication Networks Figure 5.9
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#defineMAX_SEQ 1

typedef enum {frame_arrival, cksum_err, timeout} event_type;

include* protocol.h”
void sender_par (void)
{
seq _nr next_frame to_send,
frames,
packet buffer;
event_type event;
next frame to send =0;
from_network_layer (& buffer);
while (true)
{ sinfo=buffer;
s.seq = next_frame to send;
to_physica layer (&9);
start_timer (s.seq);
wait_for_event(&event);
if (event == frame _arrival) {

from_network_layer (& buffer);

inc (next_frame to_send);

Protocol 3
(PAR) Positive ACK
with Retransmission
[Old Tanenbaum Version]

............................................................................................................................
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Protocol 3

void recelver _par (void)

{ (PAR) Positive ACK
s ned_frame_o_send  with Retransmission
event_type event: ~ [Old Tanenbaum Version]
frame_expected = 0; s
while (true)

{ wait_for_event (&event);
if (event == frame_arrival)
from_physical_layer (&r);
If (r.seq == frame_expected) {
to_network_layer(&r.info);
inc (frame_expected);

}
to _physical layer (&5); [* Note —no sequence number on ACK */

Networks: Data Link Layer 16




time-out
+—> , time

A frame
0 frame frame frame
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Transmitting station A misinterprets duplicate ACKs

Copyright ©2000 The McGraw Hill Companies Leon-Garcia & Widjgjaz Communication Networks Figure 5.10
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f+ Protocol 3 (par) allows unidirectional data flow over an unreliable channel. =/

#define MAX_SEQ 1 f+ must be 1 for protoceol 3 /
typedef enum {frame_arrival, cksum_err, timeout} event_type,;
#include "protocol.h®

void sender3(void)

{
seq_nr next_frame_to_send; f+ seq number of next outgoing frame =/
frame 5; /= scratch variable =/
packet buffer; /= buffer for an outbound packet =/
avent_type event;
next_frame_to_send = 0. f* initialize outbound sequence numbers */
from_network_layer{&buffer); I+ fetch first packet +/
while {true} {
s.info = buffer; f* construct a frame for transmission =/
s.58q = next_frame_to_send; f+ insert sequence number in frame #/
to_physical_layer(&s); f* send it on its way =/
start_timer{s.seq), M if answer takes too long, time out =/
wait_for_event(&event), f* frame_arrival, cksurm_earr, timeout +/
if (event == frame_arrival) {
from_physical_layer{&s), f* get the acknowledgement »/
it (s.ack == next_frame_to_send) |
stop_timer(s.ack); /= turn the timer off =/
from_network_layer(&buffer); [+ get the next one to send »/
inc{next_frame_to_send); M invert next_frame_to_send =/
]
]
t
}

Figure 3-12.A positive acknowledgement with retransmission protocol.
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void receiver3(void)

{
seq_nr frame_expected,
framer, s;
event_type event;

frame_expected = 0,
while (true) {
wait_for_event(&event);
if (event == frame_arrival) {
from_physical_layer(&r);
if (r.seq == frame expected) {
to_network_layer{&r.info);
inc(frame_expected);
}
s.ack = 1 - frame_expected;
to_physical_layer(&s);

/* possibilities: frame_arrival, cksum_err +/
/* a valid frame has arrived, */

/* go get the newly arrived frame =/

/* this is what we have been waiting for. »/
/* pass the data to the network layer */

/* next time expect the other sequence nr */

/* tell which frame is being acked */
/* send acknowledgement */

Figure 3-12.A positive acknowledgement with retransmission protocol.

Networks: Data Link Layer 19



Sliding Window Protocols

[ Tanenbaum]

e Must be able to transmit data 1n both directions.

e Choicesfor utilization of the reverse channdl:
— mix DATA frameswith ACK frames.

— Piggyback the ACK

e Receiver waitsfor DATA traffic in the opposite direction.

» Usethe ACK field in the frame header to send seguence
number of frame being ACKed.

— =» better use of the channel capacity.

“ 'l'l:‘ >
o e e .
)z WPI Networks: Data Link Layer 20
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Sliding Window Protocols

 ACKsintroduce anew Issue — how long does
recaeiver wait before sending ONLY an ACK
frame.
=>We need an ACKTimer!!

=» sender timeout period needs to set longer.

e The protocol must deal with the premature
timeout problem and be “robust” under
pathological conditions.

Networks. Data Link Layer 21




s+ Protocol 4 (sliding window) is bidirectional., «/

#define MAX_SEC 1

f» must be 1 for protocol 4 =

typedel enum {frame_arrival, cksum_err, timeout) eveni_type,;

ginclude “protocol h®

vaid protocold (woid)

' seq_nr next_frame_to_send;
seq_nr frame_expecied;
frame r, $;
packet buffer;
aveni_type ewvent;
next _frame_to_send = 0O
frame_expected = 0;
from_nebtwork_layer]{&buffer);
s.info = barffer;
s 5a0 = next_frame_to_send;
s.ack = 1 — frame_expecied;
to_physical _layer{&s);
slart_timer(s.seq});
wihide (true) {

wail_for_event{&event);
if (event == frame_arrival) {
from_physical layer{&r);
if (r.seq == frame_expeactad) {

to_natwork_layear&r.infoa};

inci{frame_expected);
H

if (r.ack == next_frame_to_send) {

stop_timer({r.ack);

from_network_layen&bufier);
inc{next_framea_to_send);

}
'
s.info = buffer;
s.seq = next_frame_to_sand,
s ack = 1 — frame_aexpectied;
to_physical_layer(&s);
start_timer(s.seq);

S 0 or 1 only «f

f= 0 or T omby «f

i+ socratch variablas «/

f o current packel baing sent =/

f+ next frame on the outbound stream ~/f
f= frame expected naxt *f

f= fetch a packet from the nebtwork layer =/
f= prepare to send the initial frame «/

M insen seguence number nto frame =/
/= piggybacked ack =/

/= transmit the frame «/

/= start the timer running */

f= frame_arrival, cksum_arr, or timaout =/
/* a frame has armwved undamaged. =/

Mo oo et it =f

= handke inbound frame stream. =/

i+ pass packat o network layer ~/

f= imvar seq number expected rext =/

7 handie ouilbownd frame stream. ~/
f= turn the timer off =/

£+ fetch new pkt from network layer =¢
I invert sender's sequeance number =/

f= ponstruct outbound frame ~f

i* insert sequence number into it =

i+ saq number of last received frame =/
/* transmit a frame +/

i+ start the imer runming =/

at

Figure 3-14. A 1-bic sliding window proacscal.



Sliding Window Protocols

Each outbound frame must contain a sequence number. With n
bits for the sequence number field, maxseq = 2" - 1 and the
numbers range from O to maxseq.

Siding window :: sender has a window of frames and maintains a
list of consecutive sequence numbersfor framesthat it is
permitted to send without waiting for ACKs.

receiver has awindow that isalist of frame sequence numbers it
IS permitted to accept.

Note — sending and receiving windows do NOT have to be the
same size.

Windows can be fixed size or dynamically growing and shrinking.

iy
o WPI Networks: Data Link Layer 23
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Sliding Window Protocols

e Host Isoblivious, message order at transport
level 1s maintained.

sender’s window :: frames sent but not yet
ACKed.

— new packets from the Host cause the
upper edge inside sender window to be
Incremented.

— ACKed frames from the recaelver cause
the lower edge inside window to be
Incremented.
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Sliding Window Protocols

« All framesin the sender’ s window must be
saved for possible retransmission and we
need one timer per frame in the window.

e |f the maximum sender window sizeis B,
the sender needs B buffers.

o If the sender window getsfull (i.e., reaches
Its maximum window size, the protocol
must shut off the Host (the network layer)
until buffers become available.

NTEC,
() .
o WPI Networks: Data Link Layer
. 1865
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Sliding Window Protocols

recelver window

— Frames received with sequence numbers
outside the receiver window are not accepted.

— The receiver window sizeis normally static.

The set of acceptable sequence numbersis
rotated as “ acceptable” frames arrive.

areceiver window size = 1 =» the protocol
only accepts frames in order.

Thereisreferred to as Go Back N.

\‘Gﬂ'TE:;'#,"
e N .
O WPI Networks. Data Link Layer
- 1865

26



Standard Waysto ACK

1. ACK sequence number indicates the |ast
frame successfully received.
-OR -
2. ACK seguence number indicates the next
frame the recelver expectsto recelve.

Both of these can be strictly individual ACKs
or represent cumulative ACKing.

Cumulative ACKing Is the most common
technique.

\‘Gﬂ'TE:;'#,"

S LRI .

ol WPI Networks: Data Link Layer 27
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Go-Back-4: 4 frames are outstanding; so go back 4

fr fr fr fr fr fr time

NN

Out of-sequence frames A

A A A A A A A A
C C cC cC C ¢ C ¢ ¢C
K K K K K K K K K
1 2 3 er ror 4 S 6 7 8 9
ACKing next frame expected
Copyright ©2000 The McGraw Hill Companies Leon-Garcia & Widjgjaz Communication Networks Figure 5.13
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Transmitter goes back to frame 1

Go-Back-7:
fr fr fr fr fr fr time
0

BN

A N Out-of-sequence A A A A A
C A frames C cC C ¢ C c
K K K K K K K K
1 1 2 3 4 5 6 7
error
Copyright ©2000 The McGraw Hill Companies Leon-Garcia & Widjgjaz Communication Networks

Figure 5.17
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f= Protocol 5 (go back n) allows multiple cutstanding frames. The sender may tramnsmit Lp
to MAX SEQ frames withoul waiking for an ack. in addtion., unlike in the previous
protocols, the network layer is not assumed 1o have a new packet all the fime. Instead,
the network layer causes a nebwork_layer _ready even! when thera is a packet to send.

gFdefime ML SEO 7 f* sheowld be 27m — 1 =S
typeded enum [frame_arrival, ckswm e, timeout. netwark_layer ready) event. ype;

#ginclude "prodocol h”

siahc boolean between(seq_nr a, seg_nr b, seg_nr cj

i
d= Return irue f a ==b < c circularty; false othenwise,
if (& == b} && (b < <) I [{c < a) && fa == b)) Il {{b < c} && (o = alk)
returm{true};
else
returrd false);

H

static woid saend_ dataiseq_mnr frame_nr, saq_nr frame_expecied, packet buffer] 1

1
f= Constrect amd sered a2 datas framsa. =5
frame s; f= sorabcih variable =S
s.info = bwffer|iramea_nr]; £+ imsart packet inio frame =

s.52g = frame_nr; £+ insart sequeance number into frame ~/
s.ack = (frame_expected + MAX_ _SEQ) 26 (MAX _SECQ + 1)~ piggvback ack =/
to_phiysical layer{&s); S tramsmif the frame =/
start_timear{frame _nrj; f* start the timear rurning =/

wodd prodocod S{void)
{
saq_nr next_frame_to_seand;

S MAX_SEQ > 1; used for outbowund straeam ~f
f= gldest frame as yet unacknowledged =/

saqnr ack _expected:
saq_nr frame_expected: = nexdt frame sxpectsd on inbowund stream ="
frame r; S= scratch vanakbile:
packet bufferfMAx_SEC + 1]; F= huffers for the outbound stream =/
seq_nr nbuffered; S= & output buffers curmanty in use =/
Seq_nri; S+ usad to indax into the butfar array =~
ewvant_type evenit;
anable_netwaork_layer(}; £+ gllow network_layar_rneady ewvants =/
ack_exgpectad = 0 M maxt ack expeactad inbownd =/
maxt_frame_to_send = O d maxd frame going owt =

=0 f~ mumbear of frame expacted inbournd =/

nbufferad = O

d* imitially no packets are bufferad =/
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wisila (trwe) {

wearl_for_ewvent(&ewvemnt); f+ four possibilfies: see evani_type above =/
switch{ewant) {
case natwork_layer_ready: /= the mabtwork layer has a packet (o send =7

A Aocept, save, and transadt a new framse, =0
from_network_layen&buffarlnext _frame_to_send]). i fetch new packet =/

nbuffered = nbufared + 1: M= axpand the sender's wimdonww =
send_datalinext_frame_to_send, frame_expacted, bufer);/+ fransmil the frames +/
inc{mext_frame_to_sarnd); v adwvance sendaer's uwpper window edge =/
break;

case frame_arrival: f= a data or comtrol frame has amivad =5
from_phiysical_dayea(&r; = gat mcoming frame fromm physical layear =/

if {r.seq == frames_expacted) |
S Frames are accepted only in order. =/
to_network _layen&r.info); /+ pass packet o network layer
inciframe_saxpecied); = advance kower edge of receiver's window =/
E

Mo hck noimplies n — 1, n -2, etc. Check for this. *F

while {(batweenfack_expscted, r.ack, mext_frame_to_send)) §
= Handba piggybacked ack. =/
nbufifered = nbuffered — 1, /~ ane frame fewer bufierad =/
stop_timenack_expectaed); /~ frame armived intact; stop timer =7

i ack  axpacted); A+ contract sender’s windonw =F
}l:ll'EhEl-i'f;
case cksurmo_ernr: break; = pust ignore ad frameas ~f
case limeout: S trouble; retransmit all outstanding frames «f

naxt_rame_to_send = ack_expected; /+ start retransmitting here =/

for (i = 1] <= nbuffared; i++) |
sand_data(next frame_to_send. frame_expected, buffer),’~ resend frams =/
mc{next_frame_to_send); /~ prepare to send the next one =/

if (nbufifered < MAX _SEQ)
enable_metwork_layern);

disable_natwork_laywer():

s

Figmre 3-17. A sliding window protoca] wsing g0 back n.
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fr fr fr fr fr fr fr fr fr fr fr fr fr
A 0 1 2 3 4 5 6 2 7 8 9 10 11 12

time

B A A N A A A A A A A A A
C C A C C C C C C C C C
K K K K K K K K K K K K
1 2 2 2 2 2 7 8 9 1 1 1
error 0 1 5
Copyright ©2000 The McGraw Hill Companies Leon-Garcia & Widjgjaz Communication Networks Figure 5.21
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Ao Prodocol G (sehactive repeal] accapts frames oul of arder bt passes ackeEs o e
network layer in order. Associated with each catstanding framea s & iomeer. Whan e temer
expares. ondy thal framse is refransmitted. not afl the owtstanding frames, as in profocol 5. =F

Foedina MAX _SEC T
Adefime ME_BUSFS ((MaxX_SECr + 112])

fhypedsf enum {Frame_arrival, cksum_err, timesut, nebwork_Lays

#include “protocol h”
b aamm o nak = inue;
seqg robdest frame = AKX SEO « 1;

f= showid e 27n — 8 =
rready, ack timescaut) ewvenl_Ivpe.

f= mo nak has beam sent yat )
f= ikl wales s only for the simalabor =

slahc bodlean betwesan(seq nr a, seq _nr b, segomr o)

£
F= Same &8s betwean in prabocols, bt sthorer ardd more obscune. «f
raeburn {{a <= b} && (b = )k Il [{c < a) && (& <= b)) 0l {{ib < ) && {c < all;

i

L

frame =

s kimd = Th

F= Consirect and send a data, ack, or nakx frarme. =7

stanic woed send_frame(frame_kind [k, seq_nr frame_nr, saq_ne frame_expected, packed bustfer] |y

A= Soratch wariabfa =7

Fo kind == data, ack, or nak =~

# (fix == data) soinfe = buferfiramsa_nr % MRE_BUFS):
F=oomly meaningdul Tor dada frames =

= =aq = frame_nr;

s mck = [frame_expeechesd + MO SEO]) S (MY SED + 1)

il 'k == nak} mo_rnak = falss;
1o_physical_lenen]Sesl:

S= orre Nnak per Tramse, pleasse =
S= bransmit the frame =7

i ([ == data) star timenframe_nr %% NA_BUFS):
f= o neeaed for separate ack framea =4

' stop_ack  Wmesr();

wioid P rssoesad S wosdl
Sedq nr ack _expesched;
a0 nr next_frama bo s
saq_nr frame_expeciad;
s too_Far;

niufiered = O
for (1 = 0c | <= NA_BLUFS; i++) amrived]i] = taksac

i loweer edge of semders wirndow =/

M= upppvar edoge of sedar's windoey &+ 1 =/

Ao howar edge of receives’s wirnchomy =

£+ uppar edge of recaivers wirkdow + 1 =/

f= imdiex into buffar poold ="

f= gcrabch variable =/

= parffans for the owutibound siream «F

s bufiers for the inbouwnd sfream =~

S= inbound bit map -

S oty mmarny outpunl buffens curmanty used ="

&= initdalioa =/
M nend ack expacied on the inbowund siraamm =~
£= numibsar of meect ubgoing fresmss =

S inially no packets ara buffonsad =
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whila [irue) §

weai for_envarth] Eerpen i) #= tivea possibities: see avanl_type above =f
swibtch{ssent) |
casa nebaorclayar ready: fe aocapl. save, and ransmit & new frame =
rnibutferad = nbuffered + 1. f= pogparnd the window =/

fromonetwork_kayeriiout buf[rnext_irame_ o send T= NA_BUFES]); /= fatch mew packel f
sand_frameaddata, next_frame_lo_send, rame_sxpacted, aut_ bl transmit the frarme ~¢

imcinext_Famea_to_send); Ju mdvance uppsr window eslge «f
break;

case frame_arrival: S @ deta or conirod Irama has srivad «F
rome physical layar(fr); Jw Fabch incoming frame from ghysacal layer =/

if [r.lnd == data) {
f= A undamagad frama has anived. «/
i Jir.seqg 1= frame_expectad) &8 na_nak)
send_kame(nak, 0, frame_expected, oul_buf). else slart_ack_timer{];
i {babwean(rama_sxpacted,r.seq oo _far) A& {arrived|r.segicMA_BUFSk==false)] {
/= Frames may be acceptad in any ondern.
amwed[rseq % NMR_BUFS] = ue; F= mark buffer as ull =f
in_budr seq S NA_BUIFS] = r.indo; S imsar data nio buffer =F
while {anrived{irame_expectad % ME_BLUFS]) 4
= Pass framas and acvance window, «/
to_nabwork_layer[&in_buffframe_expected <& MR_BUFS]);
nis_rak = Irue;
arfved[frame _sxpacied 3 NR BLIFS| = falss;
imciframe _expectsd]; Jo adwance lower edge of racaivers winoow =/
inci{hoo_far); Fu adwance upper edoge of receiver's window «f
slar_ack _Hmen(j: F+ to see i 8 separate ack is nesdad =/

i
iff(r kird=—=nak} &5 patwesn{ack expectod,r.ack+ T S MAK SE D+ 1), et _frarmsa_io_sandj]
send_frame(data, (r.ack+1) = MAX_SEQ + 1). frame_expected, out_Baf];

while (berwesn(ack_expected, rack, next_frame_to_send)) {

nbufterad = nbuflersd — 1 = handie paggybacked ack «f
stop_bmenack_expected % NR_BUFS);, /« frame anrrivend indact +f
inc{ack expectad), fo advanca lower edge of senders window =f
1
break;
case chsum_arm:
it {mo_nak) send_framsdnak. 0. Trame_expacted, Oul buf); /= damaged frame =/
braak;
case rmeout
send_frame(data, cldest_frame, frame_sxpectbad, ot buf); 0= wea tirmead oot =f
braak;

case ack_timaout
sand freme(ack, 0, frame_aexpacied, oul_bud); fe Aok timear exgpired; send ack =f
1
if (nbuffered < MRA_BUFS)} anable_natwork_layen(). olze disabla_natwork_layen|);

Figure 3-19. A slidimg window protocel using selective repeal.
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