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

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

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

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

typedef struct { /™ frames are transpored in this layer */
frame_kind kind, /* what kind of a frame is it? */

SBQ_Nr seq; ™ sequence number */
seq_nr ack; /* acknowledgement 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);

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{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);

{* Start the clock running and enable the timeout event. */
void start_timer{seq_nr kj;

{* Stop the clock and disable the timeout event. */
void stop_timer(seq _nr k);

/* 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),

/* Allow the network layer to cause a network_layer ready event. */
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void enable_network_layer{void);

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

/™ Macro ing is expanded in-line: Increment k clrcularly, */
#define inclk) it (k < MAXSEQ) k =k + 1, else k = 0
|;|'"-| ﬁ‘"ﬁ-";UJLJ".jm1jadhﬁLi=ﬂjﬂlﬂf jle.'ﬂlJ._’.l h;hh—ﬂ_\f: -.'I—IrI 'J.L‘i
...I.;_,.}l-’l wala J‘ij wﬂfﬂ;—ﬁ ru-rJ-_lh_ﬂ hw—liﬁ

3 aala Dy Sy S WIS 8 5 3 2 D et b3l 3 gy A 3 sala T 8 0 ) Kiind AL
Sl A g e et 5l ol m ek g seg gladdd Jies e e (K12 esls 68 plges

i info AL ,:1-1"-rl'--il:lULJHJ-L"Jl-‘tr.;ll_p'-ﬁ-.&j_,'..'___-UI._-;.,.;U;TJ;..:?JJ',;U.-A,E salized 3 ) 4
Jab o8 ity LSS s 522,003y info LT 53 Lol a8 505 3 0m 3 35 )5S Shgms 830 415
S e S h e 28 sl g eals Gl B el 5L AL e WG e inflo L
St 00733 info Wi J o o8 Zanal _pus i

Pl o3 SLaSL2 Y 02 540k oo, (packet) ey (frame) pd Sl ol g 5Y )
g g b w3ls s AN iy ol e 2T 3wt e T T 33 8 Sy Uit Y
ls gy 89 e b ol g3 ph el Sl 5l e 0sls 13 b S i Al 3 el s S
G K 5T 0 2 g Kt Y g i 00 AL 3} g e A 2
Al Jald S 2 ladis 48 28 ;g Ll - Sl g 0 4802 slaaY p oot

S 55 i S i SICIANS U35 gl il 0 g 3 3 () Uy i AT K200 50
wait_for_event Jiy; Laas g pled! WS by 8 s eal sl o) o e Lo 51 ams e alanl
3 to_network _layer slylls; dady JLSIE Xl o el gl Gl S 55 (o3 45 ) Jailen)
Leald gy o S Y gl s o S g1y ARt Y e S sl o from_petwork_layer
s to_physical_layer S\l 3 35 L3 1Y U ARSI A5 s (¥ 5 ¥ slaagY s
Hdzea o glaasW Jaly Wl s o2 o aslizd from_physical_layer

i ot e A S s ol el (BRI S ol b el SIS
S by il R Al b T T Ol e e WYy s Ll 5l Ly e
(i y Sy aalizmat L) 03ls gy Y 0 gl ik Blle o 31 il fpome ke 3 ey S48
S o pllas

Shellas Lils £ event = timeout J\ake wail_for_event Jiy; s s 52 e 5SS 5
= s Oloe St g a2 IS 2l 2yl el LS 5 S slap_timer y start_timer
L (0T DAt aie 5 13D 015 o 1y il S (A2l 5255 s o8 il BLB) il Laih — timeout
-3 5 Camy y Stard_timer g 30w 51

2l sl sl boslat $0 0 5 s b stop_ack _timer 4 start_ack_timer s\ghy,
AS Sl




(AEI Qi ) lgliad 4 glifa (9l s 059 alad) g0 slée www.homework.ir

\-ﬂlﬁ u.'lll.‘l..'i}.l_..l'i.!:ﬂ-lll".-d..n.i

Lad s g2 o wsbind Jadims sWglSS y o ox disable_network_layer 3 enable_network _layer slgly , 3
bt 4Kt Y S e 5 5 L 03 5 el sl W5 ) 31 o ) 3k U412
L5 e Jlad 1 af 2 Y sl g Y 2y ldies b el W Y A Al
Aas t‘}’q.'-' 0l b gor Y gl g 5 L aals by A2 aalel 3 3 o 3Lt St LY« (enable_network_layer)
Aty b b i 2 A S et sl b event = network_layer_ready \ S o Ul
gy il g G aslis AL sjla Sy gL o e il ol o (disable_network_layer)
Ot alia) 48 5t tadas Wl eeals L LY o disable_network_layer o enable_network_layer
Al g0 3 8 s Y 1 b gl e 45 L

MAX_SEQ a2l a8 sl (e g2 ol 2 gt o 51 3) MAX SEQ U 0 (s alen o b o0 56 let
G B ot B S S Y g s et 2 gl B e i LSS o
bt b e 5] Tl 0 2 EVIS 0 (53 Sl b o IS 1= A il Oa 5l g2 sy MAX_SEQ
g3 1y Sl S 0 b LLalE] ot eal i (macro) p Sl S ea ine wldes sl gl
STl o sy oyt Tk o8 it [ .S g gl gt 13 151 p Kile 31 kS n O e S | Jobaa
ek b U (el slen) g Sl laslindd potad Bt L e pldS Llge ) S Sy
i gty B0 i a3 0313 5 gz sl ilisne LghSS y 50 MAX SEQ aSUlsil 3l piomen a s 1S
LT P P EE R S L I i = Oade U e SISl 5 Sl

2hlel el F el ;'-.-"I_P‘r"*"ii Sl 53 45 a0y 3 i AT S s
ey o At aal st Gasl jley eyl sladf LU K 5 Wl 03,8 pnsm b pspaashee 32 I 1 o 510
2 g g pladl ( profocol ft eyl ja) i glas L al fnt oy #include jpws §laslicad b 8 00 C

Skl A8 ko JSigpy LYY
Yt e lime S B 5 Ja Laasls 0 3 o8 8 e 0 o 1 wsle ey S5 5 S Jle 0y
S pen i 5 Saanal 00 el 20k Dl i I8 Gl sl yadinn s 452
43 L#'AS-EJJL.;,.'-“.:.H Oy s balSasha e &Y 03 p Bl ) JUIS 5 i 31 e g3l 5 4y
5315 (Al 0T (glyy p oy bt = T IS5 g 5= ey g0 LS 48D il o IS5 5 o) s i 5 0

PSP T

/* Protecol 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 assumead fo be able to proce.s all the input infinitely quickly.
Consequently, the sender just sits in a loop pumping data out onto the line as
fast as it can, *f

typedet enum {frame_arrival} event_type;
#include "pratocol.h”

void sendert (void)

{
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frame s; /™ buffer for an outbound frame */
packet butfer; /™ butfer for an outbound packet */
while (true) {
from_network_layer(&buffer); /* go get something to send */
sinfo = buffer; /* copy il into s for transmission */
to_physical_layer(&s); [* send it on its way */
} /* Tomorrow, and tomorrow, and tomorrow,
Creeps in this petty pace from day to day
To the last syllable of recorded tima.
- Macheth, V, v */
}
vold receiver!(void)
{
frame r;
avent_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 */
}
}
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/™ Protocol 2 (stop-and-wait) also provides for a one-directional fiow 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 butfer
capacity and a finite processing speed, so the protocol must explicitly prevent
the sender from flooding the receiver with dala faster than it can be handied. */

typedef enum {frame_amival} event_fype,
“h.lecotorp” edulcni#
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void sender2({void)
i
frame s, /* butter for an outbound frame */
packet buffer, /* buffer for an outbound packet */
event_type avent; f* frame_arrival is the only possibility */
while {true) {
from_natwork_layer(&buffer); ™ go get something to send */
sinfo = buffer; A" copy B inte s for ransmission */
to_physical_layer({&s); * bye-bye little frame ¥/
wait_for_event{&event); /* do not proceed until given the go ahead */
b
}
void receiver2(vold)
{
frame r, 8; /* butfers for frames */
event_type avent; f* frame_arrival is the only possibility */
while (true) {
wait_for_event{&event); /* only possibility is frame_arrival */
from_physical _layer(&r); f* 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 */
}
}
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* Protocol 3 (par) allows unidirectional data flow over an unreliable channel, */
#define MAX_SEQ 1 f* must be 1 for protocol 3 */
typedef enum  {frame_arrival, cksum_err, imeout} event type,

#include “protocol.h”

void sender3{void)

{
seq_nr next frame to send; f* seq number of next oulgoing frame
*f
frame s; /* scratch variable */
packet buffer; f* buffer for an outbound packet */
event type event;
next_frame_to_send = 0; f* initialize outbound segquence
numbers */
from_network_layer{&buffer); {* 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); [* if answer takes too long, time out
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wait_for_event{&event); /* frame_arrival, cksum_err, timeout
"/
it (event == frame_arrival) {
from_physical layer(&s); /* 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 */
inc(next_frame_to_send); * invert next_frame to send */
}
}
}
}

void recaiverd(void)

i
seq _nr frame_expected;
frame r, 5;
event_typa event;
frame_expected = O;
while (true) {

wait_for_event(&event); f* possibilities: frame_arrival,
cksum_err */
if {event == frame_arrival) { {* a valid frame has arrived. */
from_physical_layer{&r); /* go get the newly arrived frame
&)
if (rseq == frame_expected) { f* this is what we have been

waiting for. */
to_network_layer(&r.info); f* pass the data to the network

layer ®/
inc({frame_sxpectad); /¥ next time expect the other
saguence nr */
1
s.ack = 1 - frame_expected; /™ tell which frame is being acked
.
to_physical_layer(&s); /* send acknowledgement */

< (PARY adome Jlo Ml 2ot 2l 3 Godeal (835 AY-T (62
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/* Protocol 4 (sliding window) is bidirectional, */

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

#include “protocol.h”

void protocold {void)
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{
seq_nr next_frame to send; i* 0 or 1 only *f
seq_nr frame_expected; i*0or1only®
frame r, 8; /* scratch variables */
packet buffer; /* current packet being sent */
event_type event;
next_frame to send = 0; /* next frame on the outbound
slream */
frame_expected = 0; /* frame expected next */
from_network_layer(&buffer); /* tetch a packet from the network
layer =/
sinfo = buffer; {* prepare to send the initial frame */
s.seq = next_frame to send; i insert sequence number into
frama =/
s.ack = 1 - frame_expected; /* piggybacked ack */
to_physical_layer{&s); [ transmit the frame *f
start_timer(s.seq): /* start the timer running */
while (true) {
wait_for_event(&eavent); /* frame_arrival, cksum_err, or
timeout */
if (event == frame_arrival) { # a frame has arrived
undamaged. */
from_physical_layer(&r); /* gogetit®
if (reeq == frame_expected) { /* handle inbound frame
stream. */
to_network_layer(&r.info); {* pass packet to network
layer *f
inc{frame_expected); /* invert seq number expected
next *f
k
if (rack == next_frame_to_send) { ™ handle outbound frame
stream. */
stop_timer{r.ack); /* turn the timer off */
from_network_layer{&buffer); /* fetch new pkt from network
layer */
inc{next_frame_to_send), f* invert sender's sequence
number */
}
}
s.info = buffer; /* construct outbound frame */
s.seq = next_frame to send; /* insert sequence number into it
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s.ack = 1 - frame_expected; {* seq number of last received
frame */

to_physical layer{&s); {* transmit a frame */

start_timer{s.seq); " start the fimer running */

¥
}
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/™ Protocol 5 (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 not 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.

*

#define MAX_SEQ 7 i* should be 2”n -1 *f
typedafl enum {frame_arrival, cksum_erf, timeout, network layer ready} event type;
#include "protocol.h”

static boolean between(seq_nr a, seq_nr b, seq_nr c)
{

{* Return frue if a <= b < ¢ circularly; false otherwisa. */
if ({a <=Db) && (b < c}) || (lc < a) && (a <= b)) || (b < c) && (c < a)))
return(irue);
elae
returnifalse);

static void send_data(seq_nr frame_nr, seq_nr frame_expected, packet buffer[])
{
/™ Construct and send a data frama. =/

frame s; /* scratch variable */

s.info = buffer[frame_nrj; f* insert packet into frame */
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s.seq = frame_nr; [* insert sequence number into frame */
s.ack = (frame_expected + MAX_SEQ) % (MAX_SEQ + 1), /* piggyback ack */
to_physical _layer(&s), f* transmit the frame */
start_timer(frame_nr); {* start the timer running */

}

void protocolS{void)

{
seq_nr next_frame_to_send, /* MAX_SEQ = 1; used for outbound
stream */
seq_nr ack_expected, /* oldest frame as yet unacknowledged *f
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 nbuffered; {* # output buffers currently in use */
seq_nr i; /* used to index into the buffer array */

event_type event;

enable_network layer(); f* allow network_layer_ready events */
ack_expected = @ [* next ack expected inbound */
next_frame_to_send = 0, * next frame going out */
frame_expected = 0; /* number of frame expected inbound */
nbuffered = 0; f* initially no packets are buffered */
while {truej {

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

above */

switch{event) {

case natwork_layer_ready: /* the network layer has a packet to send
*f
/* Accept, save, and transmit a new frama, */
from_network_layer(&butfer[next_frame_to_send]). /™ fetch new packet */
nbufferad = nbuffered + 1; i* sxpand the sender's window */
send data(next frame to send, frame expected, buffer); /™ transmit the
frame *f
inc{next_frame_to_send); /® advance sender's upper window
edge */
break;

case frame_arrival: /* a data or control frame has arrived */
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from_physical_layer(&r); i* get incoming frame from physical
layer =/

if (rseq == frame_expected) {
{* Frames are accepted only in order. =/
to_network_layer{&r.info); {* pass packet to network layer =/
inc(frame_expected); /* advance lower edge of receiver's
window *f

™ Ack n implies n - 1, n - 2, ete, 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 amrived intact; stop timer */

inclack_expected); /™ contract sender's window */

}
break;

case cksum_ermr; break; /* just ignore bad frames */f

case timaout: M trouble;  retransmit all  outstanding
frames */
next frame_to_send = ack_expected; [* start retransmitting here */
for (i = 1; i == nbuffered; i++) {
send_data(next_frame_to_send. frame_expected, buffer); /* resend
1 frame */
inc{next_frame_to_send); /™ prepare to send the next ong */

it (nbuffered < MAX_SEQ)
Jreyal_krowten_elbane
else
disable network layer(),;
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i* Protocol 6 (selective repeat) accepts frames out of order but passes packets to the
network layer in order. Associated with each outstanding frame is a timer. When the

timer

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

#define MAX_SEQ 7 /* should be 27n -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; /* 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 shorer and more obscure. ®/
retun ((a <= b) && (b < c)) || {[c = a) && (a == b)) || ((b = c) && (c < a));
}
static void send framelframe 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 = fi; /* kind == data, ack, or nak */
it (fk == data) s.info = bulfer[frame_nr % NR_BUFS];
s.5eq = frame_nr; /* only meaningful for data frames */
s.ack = (frame_expected + MAX_SEQ) % (MAX SEQ + 1);
if (tk == nak) no_nak = false; /* one nak per frame, please */
to_physical_layer(&s); /® transmit the frame =/
if {fk == data) start_timer(frame_nr % NR_BUFS);
stop_ack_timer(); {* no need for separate ack frame */
}
void protocol&(void)
{
saq_nr ack_expected; /* lower edge of sender's window */
seq nr next frame o send; M upper edge of sender's window +
1%
seq_nr frame_expected; /™ lower edge of receiver's window */
seq_nr too_far, /* upper edge of receiver's window + 1
*f
int i; [ index into buffer pool */
frame r, M scratch variable *f
packet out buf[NR_BUFS]; /* buffers for the outbound stream */
packet in_buf[NR_BUFS]; /* butfers for the inbound stream */
boolean arrived[NR_BUFS]; ™ inbound bit map */
seq_nr nbutfered; ™ how many output buffers cumentiy
used *f

event_type event;

enable_network_layer(); f* initialize *f
ack_expected = 0; ™ next ack expected on the inbound
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stream */
next_frame_to send = 0
frame_sxpected = 0;
too_far = NR_BUFS;
nbuffered = 0;

for (i = 0; i < NR_BUFS;

while (true) {

wait_for_svent{&event);

M number of next outgoing frame */

f* initially mo packets are bufferad */
i++) arrived[i] = false;

f* five possibilities: see event type

above */
switchievent) {
casa network layer ready: ™ accepl, save, and transmit a new
frame */
nbuffered = nbutfered + 1; /* expand the window */

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); f* advance upper window edge */
break;

case frame_arrival:

L

™ a data or contral frame has arreed

from_physical_layer(8rs); f* fetch incoming frame from

physical layer =/

if (rkind == data) {
/™ An undamaged frame has arrived. */
if {{r.5eq = frame_expected) && no nak)

send frame(nak, 0, frame_expected, out_buf); alse
start ack timer(};
if (between(frame_expected, r.5eq. too_far) B

(arrived|r.seqNR_BUFS] == false)) {

fudl */

buffer =/

/* Frames may be accepted in any order. */
arrived[r.seq % NR_BUFS] = true; /* mark buffer as

in_buf[rseq % NR_BUFS] = rinfo; /* insert data into

while (arrived[frame_expected % NR_BUFS]) {
/* Pass frames and advance window, */
to_network_layer(&in_bul[frame_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 */
inc(too_far); /* advance upper edge of
raceiver's window *f
start_ack_timer(); /™ 1o see if a separate ack is
needed */

}
ii{r.kind==nak) &&
between(ack_expected,(r.ack+1)%(MAX_SEQ+1)next_frame_to_send))
send frame(data, (rack+1) - (MAX_SEQ + 1), frame_expected,

out_buf);
while (between{ack_expected, r.ack, next frame_to send)) {
nbuffered = nbutfered - 1; /™ handle piggybacked ack */
stop_timer{ack_expected % MR _BUFS); ™ frame amived intact
.
inc{ack_expected); /* advance lower edge of sender’s
window */
}
break;
Case cksum_err:
if (no_nak) send_frame(nak, 0, frame_expected, 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 timer expired:
send ack */
}
Jireyal krowlen_elbasid esle ;)(reyal_krowten_elbane )SFUB AN < dereffubn( fi
}
}
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