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#define MAX_PKT 1024  /* determines packet size in bytes */

typedef enum {false, true} boolean; /* boolean type */

typedef unsigned int seq_nr;  /* sequence or ack numbers */

typedef struct {unsigned char datafMAX PKT)];} packet; /* packet definition */
typedef enum {data, ack, nak} frame_kind;, /* frame_kind definition */

typedef siruct { /* frames are transporied in this layer */
frame_kind kind; /* what kind of a frame is it? */

s80_Nr 884, ™ sequence number */
seq_nr ack; /* acknowiedgement number */
packet info; * the network layer packet */

} frame;

* Wait for an event to happen; return its type in event. */
void wait_for_event{event_type *event);

{* Fetch a packel from the nebtwork layer for transmission on the channel, *f
vold from_network_layer{packet “p);

* Deliver information from an inbound frame fo the network layer, */
void to_network_layer{packet *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);

f* Start the clock running and enable the timeout event. */
void start_timer(seq_nr k);

{* Stop the clock and disable the timeout event. */
void stop_timer(seq_nr k),

f* Start an auxiliary timer and enable the ack timeout event. */
void start_ack timer{void);

[* Stop the auxiliary timer and disable the ack timeout event. */
void stop_ack_timer({void);

f* Allow the network layer to cause a network_layer_ready event. */

@ PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

AN IS ) alglead 5008 (9l W 09 alad) g 0 9lda www.homework.ir

S papalf Slaasol VAA

void enable_network_layer{void);

/* Forbid the network layer from causing a network_layer ready event, */
void disable_network_layer(void);

/™ Macro in is expanded in-line: Increment k eircularly, */
#define inc(k) it (k < MAX SEQ)k =k + 1, else k=0
N 'ﬁ"‘i-’iﬂJLHm1j;dhﬁ%-’ﬂmﬁ jl,i-:l-J._,.. &L“—E-U'j ,‘u—'\'J..f_*-
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/* Protocol 1 (utopia) provides for data transmission in one direction only, from
sender lo receiver, The communication channel is assumed to be error free
and the receiver is assumed to be able to proce.s all the input infinitely guickly.
Consequently, the sender just sits in a loop pumping data out onto the line as
fast as it can. */

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

woid senderi {void)

{
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frama 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); /* send it on its way */
} * Tomorrow, and tomorrow, and tomaorrow,
Creeps in this petty pace from day to day
To the last syllable of recorded time,
- Macbeth, V, v */
}
void recevert (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.into); /* pass the data 1o the network layer *f
}
}

EWRTETEEATJUNN PO T

23008 g B s 6 Y 3 0 e e B e iy 52 sl Haa !
03 g on (Sl Sl g2 sl g lpas b 8 8Lt el 3 3t el bk e asls L™
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/™ Protocal 2 (stop-and-wail) also provides for a one-directional flow of data fram
sender (o receiver. The communication channel is once again assumed to be eror
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, */

typedsaf enum {frame_arival} event_type.
“h.locotorp” adulcni#
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void sender2(vaid)
i
frame 5; /* butfer for an outbound frame */
packet buffer; /* buffer for an outbound packet */
event_type event; f* frame_arrival is the only possibility */
while (trua) {
from_natwork_layer|{&buffer); ™ go get something to send */
sinfo = buffer: A" copy it into s for transmission %/
to_physical_layer(&s); /* bye-bya little frame */
wait_for event(&event) /* do not proceed until given the go ahead */
b
}
void recever2(vold)
{
frama r, & /* buffers for frames */
event type avenl: f* 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.infa); /* pass the data to the network layer */
to_physical_layer|&s); /™ send a dummy frame to awaken sender */
}
}

-‘-'l_l.-hi-: ;ﬁ-'.:'"n-ﬂ:; HI.S:I_.-‘,.: _1I1|—'I' F
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/* Protocol 3 (par) allows unidirectional data flow over an unreliable channel ™/
#define MAX_SECQ 1 f* must be 1 for protocal 3 */
typedef enum {frame_arrival, cksum_err, timeoul} evenl_type;

#include “protocol.h”

void senderd(vaid)

{
seq nr next frame to send, f* seq number of next oulgoing frame
=
frama s; f* scratch variable */
packet buffer; f* buffer for an outbound packet */
event_type event,
next_frame_to_send = 0, f* initialize outbound sequence
numbers */
from_network_layer(&buffer), i* fetch first packet */
while (true) {
sinfo = buffer; /* construct a frame for transmission
*f
s.seq = next_frame_to_send; /* insert sequence number in frame
*f
to_physical_layer({&s); /™ send it on its way */
start_timer(s.seq); f* it answer takes too long, time out
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*
walt_for_event{&event); /* frame_arrival, cksum_err, fimeout
*
it (event == frame_arrival) {
from_physical_layer(&s); i* get the acknowledgement */
if (s.ack == next_frame_to_send) {
stop_timer(s.ack); {* turn the timer off */
from_network_layer(&buffer). /* get the next one to send */
in¢(next_frame_to_send); /* invert next_framea_te send */
}
r
}
}
void recaiverd(void)
i
seq_nr frame_expected;
frame r, s,

avent_type event,
frarme_expacted = 0;

while (true} {
wait_for_event(&event); /* passibilities: frame_arrival,
cksum_err */
if (event == frame_arrival) { {* a valid frame has arrived. */
fram_physical_layer(Sr); /* go get the newly arrived frame
&
if (rseq == frame_expected) { /* this iz what we have been
waiting for, */
to_network_layer(&r.info), * pass the data 1o the network
layer */
inc({frame_axpected),; M next time expect the other
sgguence nr =/
}
sack = 1 - frame_expectad; * tall which frame is being acked
.
te_physical_layer{&s); f* send acknowledgement */
}
}
I

< (PAR) st JLat b ote il g0 Godas (855 .'IT—T‘__},S'_‘,
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/* Protocel 4 (sliding window) is bidirectional, =/

#define MaX_SEQ 1 * must be 1 for protocol 4 *f
typedef enum {frame_arrival, cksum_ermr, timeout} event type;

#include “protocol.h”

void protocold {void)

@ PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

(ALK S ) gl 36N (9l W 09 aladl g 0 9lda www.homework.ir

Y44 o 20 g Al - o g Laad
{
seq_nr next_frame to send; i* 0 or1 only */
seq_nr frame_expected; /*0or1only
frame r, % /* scratch variables */
packet buffer; /* current pachet being sent */
event_type avant;
next_frame to send = /* next frame on the outbound
stream *f
frame_expected = 0; /* frame expected next */
from_network_fayer(&buffer); /* tetch a packet from the netwark
layer *{
sinfo = buffer; /* prepare to send the initial frame */
s.seq = next_frame_to_send; /* insert sequence number into
frame =/
s.ack = 1 - frame_expected; /* piggybacked ack */
to_physical_layer{&s); f* transmit the frame *f
start_timer(s.seq); /* start the timer running */
while {trug) {
wait_for_event{&event); /*  frame_arrival, cksum_err, or
timeout */
it (event == frame_arrival) { M a frame has  arrived
undamagead. */
from_physical_layer(&r); /* go get it/
if (reeq == frame_sxpected) { /* handle inbound frame
stream. *f
to_natwork_layer|&r.info); /* pass packet to network
layer */
inc{frame_expected); /™ invert seq number expected
mgxt *f
}
it rack == next_frame_to_send) { /M handle outbound frame
stream. *f
shop_timer{r.ack); /* turn the timer off =/
from_network_layer{&butfer); M fetch new pkt from network
layer */
inc(next_frame_to_send), /* invert sender's sequence
number */
}
}
s.info = buffer; /* construct outbound frame */
s.seq = next frame to_send, /* insert sequence number info it
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*
s.ack = 1 - frame_expected; /* seq number of last received
framea */
to_physical layer(&s); /* transmit a frame */
starl_timer(s.seq); /* start the timer running */
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/* Protocol § (go back n) allows multiple outstanding frames. The sender may transmit up
to MAX SEQ frames without waiting for an ack. In addition, unlike in the previous
protocols, the network layer is nol assumed to have a new packet all the time. Instead,

the network layer causes a network_layer_ready event when there is a packet to send.

*f

#define MAX_SEQ 7 /* should be 2*n -1 *f

typedef enum {frame_arrival, cksum_err, timeout, network layer ready} event_type;
#include "protocol h”

static boolean between(seq_nr a, seq_nr b, seq_nr c)
{
{* Return true if & <= b < ¢ circularly; false otherwise. */
if ({(a <= b) && (b < ¢)) || {fc < a) & (a <= b)) || ({b < ¢} && (c < a)))
returniirug);
else
returnifalse);

static void send_dataseq_nr frame_nr, seq_nr frame_expected, packet buffer[])

{
/* Construct and send a data frame. */
frame s; /* scratch variable */
s.info = bufter[frama_nrj; /* ingert packet into frama */
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s.5eq = frame_nr; /* insert sequence number into frame */
s.ack = (frame_expected + MAX_SEQ) % (MAX_SEQ + 1), i* piggyback ack */
to_physical layer{&s); f* transmit the frame */
start_timer{frame_nr); /* start the timer running */
)

woid protocolS{void)

{
seq_nr next_frame_to_send, /* MAX_SEQ = 1; used for outbound
stream */
seq_nr ack_expected; * oldest frame as yet unacknowledged */
seq_nr frame_expected; ™ next frame expected on - inbound
stream */
frame r; * scratch variable */
packet buffer[MAX SEQ + 1] * buffers for the outbound stream */
seq_nr nhuflered, {* # output buffers currently in use */
seq_nr i; /* used to index into the buffer aray */

event_type event;

enable_network_layar(), /* allow network_layer_ready events */
ack_expected = O; /™ next ack expected inbound */
next_frame_to_send = 0; M next frame going out *f
frame_expected = 0; /* number of frame expected inbound */
nbutterad = 0 /* initially no packels are buffered */
while {true) {

wait_for_event{&event); /* four possibiliies: see eveni type

above */

switchievent) {

case natwork_layer_ready: /® the network layer has a packet to send
*f
/* Accept, save, and transmit a new frame, */
from_network_layer(&butter[next_frame to_send]). /* fetch new packet */
nbuffered = nbuffered + 1; /* expand the sender's window *f
send_data(next frame fo send, frame expected, buffer); /™ transmit the
frame *f
inc(next_frame_to_send), /* advance sender's upper window
edge *f
break,
case frame_armival: /* a data or control frame has arrived */
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from_physical_layer(&r). f* get incoming frame from physical
layer ®/

if [rseq == frame_expecled) {
{* Frames are accepted only in order. =/
to_network_layer(&r.info); /* pass packet to network layer */
inc(frame_sxpactad): /* advance lower edge of receivers
window */

™ Ack n implies n- 1, n- 2, etc. Check for this. */

while (between(ack_expected, rack, next frame_to_send)) {
/* Handle piggybacked ack. */
nbuffered = nbuffered - 1;/* one frame fewer butfered */
stop_timer{ack_expected); /* frame amived intact; stop timer */

inclack_expected); ™ contract sender's window */

)
break;

case chsum_er: break; /™ just ignore bad frames */

case timeout: ™ trouble; retransmit all outstanding
frames */
next frarme_to_send = ack_expected; [* slart retransmitting here */
for (i = 1, i <= nbuffered; i++) {
send_datainext_frame _to_send, frame_expected, buffer); /* resend
1 frame */
inc{next_frame_to_send); /* prepare {o send the next one */

if (nbutfered = MAX_SECQ)
JMreyal_krowten_elbane
else
disable network layer();

4.'1,.""__.4“5;-&.:5 M ;Jn.u__n.i; ;__l.h.l:: :'Ii.-l_-,__ni .1l"f’—f_ﬁ_=
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i* Protocol 6 (selective repeat) accepts frames out of order but passes packets to the
matwark fayer in order. Associated with each outstanding frame is a timer. When the

timer

expires, only that frame is retransmifted, not all the outstanding frames, as in
protocol 5. */

#define MAX_SEQ 7 /* should be 2°n - 1 %/

#define NR_BUFS {(MAX_SEQ + 1)/2)
typedef enum {frame_arrival, cksum_err, timeout, network_layer_ready, ack_timeout}

event_type,
#include “protocol.h”
boolean no_nak = true; /* no nak has been sent yet */
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seq_nr oldest_frame = MAX_SEQ + 1; f* initial value is only for the simulator
*
static boolean between(seq nr a, seq_nr b, seq_nr c)
{
/* Same as between in protocolS, but shorter and more obscure. */
retumn (& <=b) && (b < c)) || (e = a) && (a == b)) || ((b = c) && (c < a));

}
static void send frama(frame kind fk, seq nr frame nr, seq nr frame expected,
packet butfer(])
{
/* Construct and send a data, ack, or nak frame. */
frame s; /* scratch variable */
s.kind = fk; /* kind == data, ack, or nak */
if (fk == data) s.info = buffer{frame_nr % NR_BUFS];
g.5eq = frame_nr, /* only meaningful for data frames */
s.ack = (frame_expected + MAX_SEQ) % (MAX SEQ + 1);
if (tk == npak) no_nak = false; f* one nak per frame, please */
to_physical_layer(&s); /* transmit the frame =/
if {fk == data) start_timer{frame nr % NR_BUFS);
stop_ack_timer(): f* no need for separate ack frame */
}
void protocolé(void)
{
sag_nr ack_axpected M lower edge of sender’s window */
saq_nr next_rame_to_send; ™ upper edge of sender's window +
1:3
seq_nr frame_expected; f* lower edge of receiver's window */
g2q_nr too_far, /* upper edge of receiver's window + 1
*f
int I; /* index into buffer pool */
frame r, /™ scratch variable */f
packet out_buf[NR_BUFS]; f* bufiers for the outbound stream */
packet in_buf[NR_BUFS]; /* butfers for the inbound stream */
boolean arrived[NR_BUFS]; f* inbound bit map */
seq_nr nbuffered, /* how many output buffers currently
usad *f

event_type event;

enable_network_layer(); f* initialize *f
ack_expected = O /* next ack expectad on the inbound
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stream */
next_frame_to_send = 0; /* number of next outgoing frame */
frame_sxpacted = 0
too_far = NRA_BUFS;
nbufferead = O /* initially no packets are bufferad */
for i = 0; i < NR_BUFS; i++) arrived[i] = false;
whila ({true) {

wait_for_svent(Bevent); i* five possibilities: see event_type
above *f
switchievent) {
case network layer ready: * accepl, save, and fransmit a new
frame */
abuffared = nbutered + 1; * expand the window *f
from_network_layer(&out_buf(next frame to send %  NR_BUFS]):; /™  fetch
new packet =/
send_frame(data, next_frame_to_send, frame_expected, out_buf); ~
transmit the frame */
inc(next_frame_to_send); [* advance upper window edge */
break;
case frame_arrival: /* a data or control frame has arrived
*f
from_physical_layer(&r); /* felch incoming frame from

physical layer */
if (rkind == data) {
/™ An undamaged frame has arrived. */
if {{rseq != frame_expected) && no nak)

send_frame(nak, 0, frame_expected, out_buf); elsa
start ack timer();
if {between(frame_expected, r.seq. too_far) &b

(arrived|r.seq%NR_BUFS] == false)) {
* Frames may be accepted in any order. =/
arrived(r.seq % NR_BUFS] = true; /* mark buffer as
full =/
in_but[rseq % NR_BUFS] = rinfo; /* insent data into
buffer */
while (arrived|frame_expected % NR_BUFS]) {
[* Pass frames and advance window, */
to_network_layer(in_bulfframe_expected % NR_BUFS]);
no_nak = true,
arrived(frame_expected ¢ NR_BUFS] = false;
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inc{frame_expected); i advance lower edge of receiver's
window */
incitoo_far); /* advance upper edge of
receiver's window *f
start_ack_timer(); /* to see if a separate ack is
neaded */

H
if{{r.kind==nak} &8
between{ack_expected, (r.ack+1)%(MAX_SEQ+1),next_frame_to_send))
send_frame(data, (rack+1) %  [MAX_SEQ + 1), frame_expectad,

out_burf);
while [between(ack_expected. r.ack, next frame_to send)) {
nbuffered = nbufferad - 1; [ handie piggybacked ack */
stop_timer{ack_expected % NR _BUFS); [* frame armrived intact
w
inc{ack_expactad); /* advance lower edge of sender’s
winchow */
¥
break;
case cksum_ e
il (no_nak) send frame(nak, 0, frame_axpected, out_buf),/* damaged
frame =/
break;
case timeout:
send_frame(data, oldest frame, frame_expected, out buf). * we timed
out =/
break,
case ack_timeout:
send_frame(ack,0.frame_expected, out_buf); /* ack fimer expirad;
send ack */
'
Jireyal krowlen elbasid esle ;){reyal_krowten_elbane )SFUB AN < dereffubni fi
}
}

e B R e
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