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Figure 3.1 ¢ The transport layer provides logical rather than physical
communication between application processes.
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Figure 3.2 ¢ Transport-layer multiplexing and demultiplexing
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Figure 3.5 ¢ Two clients, using the same destination port number (80) to
communicate with the same Web server application

g Cowl oss e B g 0 HTTP 250 ¥ (6 alwg (obie o] )0 a5 el oo ools (Las 0.Y JKo 10 Coadge

o )los 95 C lbsme caiylo 1y linogs 1P ol plas 2 B 59 9C 9 A bywe s BLHTTP cancis G A bjes
Jito 1) g0 0,les 90 A ybwe aSol Jdas el ools cons I HTTP JLasl Y 4y (YOYY 4 YRV FO) cgliste &g
Iio ol Lol sl ools s (B HTTP Jlasl o 1, YEVED o & yg0 SO sl S (] el 08,5 Ll C

oS Gloy U eass Demultiplex oy |y 5l olie Oy 0sleis a5 Jlasl 9o 5 ogr amlgs 0B jeie B g 8 lus
) iglize IP ol L]

13


http://www.it98.ir

TCP g9, o9

GAOQM‘LQQ)%. o)Lo....:)‘ébg.i‘>uui&‘su)jﬂu5by‘)6@5d~5¢ydb‘9} A.S.m)j.w ‘MQJ‘UM)‘JJ
95 7! sarm 09 S Jud sl s [l Jlo 50 1) gm0 09 SoaS 0S8 ) b SO a1 (ol wisS
ol analg: A sabie e HTTP canlgs 0 slo Jools conSn g b, (6)1,8 0 canSn g0 42 o ol5 gl .5 ls
0 2255 1o ygr 0yleds g lae TP ool ool b gl (sla candlS 51 b oS jg 0 cou0ld 70 a5 jghailon
VLY

T T CORGS HTTP Cuwlgz o ol Gy slas o o]y jhogd Jlail CS s b o3lo p cpl 5l plaS e ccanl sas ools lis
S ) gkl Jlal gle S g g o E5ls s Ao g2 wlpm}as‘,ﬁ’logu.&};@hjujl HTTP sl
039 S (93103 05 Sy plare a4 wilgs oo THrEAd S).aga (5w Jlail 1o sl woe Jlail eS8 g S5 5 wijle oo
NETWIFRT

J.M»L: ails S99 K PR

9 &yt o Jlasl g5l Job g,k 5l o c0isS oolaiwl HTTP (6,1l 51 Gy g candlS ) JlaKeas 4 (5 yiine ST
SRBEHTTP 51 55 5 s5mte 5T e092s (ol LS (oo Jols alin 9 S g abosy [, HTTP slo ol 555
Do CS g G dm a ol 5l g 008 o atn g aSle cél o/ ConlgS o o sl aax TCP Jlasl o551 cosS” solau!
05..4.: oém‘mu—"&‘s‘f&‘yd&ﬁbwdl—mwdo‘mb;‘Q)‘&@LA)j)—MJU&\))S—LQ—C

<o sl Jlasl sla JS5g 5 (s 0)bye i 93K s cow Jsl ¢ Y Demultiplex s Multiplex s o,b,s 45 Y-

UDP Jlail yqu Jli! ¥.¥

oS oo 295 |y Lo Lo o dx (pl g S 0,5 W8 ol cils pelys UDP a4 580 o G Lo o isn ol 5o
4l p 3,90 40 a5 ALY Lido g Casl UDP a0 g Jow @ gl (S5 o556 S Jolis a5 a0 )Y jiso 4 b
ol UDP loslaal b eS8 gus cun g

ol ol Sae 4398 Lossoiwn Wl SS9 opl (>l 4 ateddle Lot asS 5,8 UDP @ o5 ol 5l sl
fawpo plil 1) I

three way hand ) ail> 4w i Jols b oyols cavs G 5l el ools JUsl 9,8 51 8 TCP . LLs,I 51,8, poce
bLL3 ) 6)l8p 50 6,506z UDP plplo 0gd (o Jlo | (commy dadiio gt (900 UDP LaiS™ o ool ( Shake
TCP jl oolical &30 55 1 e cy52 5l DNS olfiss 15 51 TCP & UDP e 5 Lol s el sl ol
Sl licebl colild w0y Slxio slp e UDP B oss™ o eolinwl TCP 5l pe, HTTP (0T o 5 0wl

14

wWw.it98.ir

"M A M

"8 6


http://www.it98.ir

/A, cictisl gl jazi

; -
\4 mmm.itgﬁ.ir

9 8 .

t

Ww W.

30 3@ e HTTP o TCP L)l 53, ,0 w50 00,5 olo jlas! johay V.Y idu 0 a5 jghiles 5 .ol
Dgd oo g oliwl (o5bils) 5,155 ,L

5 <l yo Jols bl )l cuaS ol auS oo bai> Sl o el jo 1) bL3 )l cuaS TCP L LLs )| (cll>)egasS pas
Comdg (pl a5 00 wales 0. idu jo.cwl Jlgi g ol soue ol )l g plaosl J a8 sla il b o j8L JLo
Sole ar sl 03Y plosl J S 0,90 polyd g TCP Gledbl yiadas JES! gy (55 o0l (sl ccsledol

&l aalp 8y (o et 4 bled o 550 |y o el )l ol 51 SO e g A0S o Lais | bLS ) cea s UDP. Ko
|y 6t b b i Gl oo ol delip G s oo ools plais] g, S o soliwl UDP I TCP gl
b)b)l.’).ww/\ LQ(.A.:UDP 4\56»)9..0)«) W‘M)b)b)dﬁ)b)mwv’ 6‘)“>TCP w.?uu_i};d_w.’)..\.@)l.:ru
)Lbﬂ‘J)?-L:JLQ.Q J..SGAWJ.Q,S ‘) ..\4)5‘54)‘)3 oolazuwl é)yASLJLQ.u‘ Lgl.@ Jx‘jfjw)...u‘ Lng ML,).) B J&w
ooy a5 b acl p pl des 0SS o colail TCP 5l b Jsl g ogelos 5 4 490 ol 5 UG CORR IR VONY PPN K
gs;L‘“)}Bﬁ LS‘)-? UDP Wy (o0 0 UDP )'\ TCP sbw (gosxe R s 4.4[3).3 JL> Q—.’.‘ L .Jd)b TCP sl oolo JLn.g\
Col ((AiBs 7 2 Voara)ogd oo Jlo,l sl 0,90 &yga RIP Sl i, o9 098 oo 0olatwl RIP Sb e Jgax
o s 2 |y AndE Brae fu b g 4, Cews 5l ol plpln wWisd o (20l Saas Gl coasT b ats; cass )l Sla
Aol y92 Sl @)|TCPﬁUDP 390 el 0 ke 815 At oy wledlbl sl gl UDP (piman o5
ULCMJQ‘OSAJ‘JLLJ‘AJG»)*.»QGJSLMJ—JJP@‘P‘cw|)wu.>uu.ll})édg...m@ﬁj u.l.c‘di..mw).:AALng
sl b 5 a0 wS e oolaxwl UDP 5| i DNS 0,5 SIS a5 jshiles . Cnl Corw el g ol S
S5 o0 5355l TCP Lls )l )3

(5 il ol Jie gl ailu;y six slo aslip ;0 UDP o g TCP 51 o8 03950l conis oals o)lis £.Y K& j0 a5 jghiles
Y J..aﬁ)bl.lbd..ol.’); u.)‘:b Lsa;l.:jf oK b OW‘SAGOLL.M:‘ Stream u)yod.)).v}.a.tj u&.aa L)L')} ‘QLAJ.Q.Q w.:‘).a..Sy..\Jj
Qo 558, Cowd 5l g Bl oS e willyy g0 b dnliy cpl dad aS (iS00 SO aSS pl dadd iyl jo oSl ponles
LsLs’b ML’).’ ‘C}:’.‘)’."ﬁy‘c s LS’L"} MaolS ML:)J U.J_Qyo 6‘)4 Sled| u.i..oJa.a JLD.,Q‘ u")’l-'-’ c.\.MSJ..o.;o ‘) @LCMJG‘
OB s drwgi (LYo dlq.m@J@WTCP pleosl JuS ol 50 (il asS saug g o5yl el Jie (598
58 @l ol joha TCP Jlos0 4 0S|l UDP L TCP sl 1) 095 slo asli pp sl (Koo (gl il i sl aalips
TCP 51 wlgs 10 50055 la by 5l oo 0 VO Loy Jlie jekay .0 05 o 1,8 solitul 0,90 (gl il o) ,> JUas]
Sgh oo gl ail, Gl JEsl gl Olis ISy S a bas TCP s

15


http://www.it98.ir

Application-Layer Underlying Transport

Application Protocol Protocol
Electronic mail SMTP TCP

Remote terminal access Telnet TCP

Web HTTP TCP

File fransfer FTP TCP

Remote file server NFS Typically UDP
Streoming multimedia typically proprietary UDP or TCP
Internet telephony typically proprietary UDP or TCP
Nefwork management SNMP Typically UDP
Routing protocol RIP Typically UDP
Nome translation DNS Typically UDP

Figure 3.6 ¢ Popular Internet applications and their underlying transport
protocols
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a. Provided service b. Service implementation
Key:
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Figure 3.8 ¢+ Reliable data transfer:

implementation

Service model and service
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rdt_send{data)

Wait for -
call from packet=make_pkt (data)
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a. rdt1.0: sending side

rdt_rovipacket)

Wait for
call from extract (packet,data)
below deliver data(data)

b. rdt1.0: receiving side

Figure 3.9 ¢ rdt1.0 - A protocol for a completely reliable channel
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rdt_send(data)

sndpkt=make_pkt (data, checksum)
udt_send (sndpkt)

Sy
s
- /—\

TA
Wait for Wait for rdt_rovi{rcvpkt) && isNAK (rovpkt)
call from ACK or udt_send(sndpkt)
above NAK

"~

rdt_rovi{rcvpkt) && isACK (rovpkt)

A

a. rdt2.0: sending side

rdt_revircvpkt) && corrupt {(rovpkt)

sndpkt=make_pkt (NAK)
™ udt_send (sndpkt)
“‘\‘1

"
Wait for
call from
below

U rdt_reovircvpkt) && notcorrupt (revpkt)

extract (revpkt,data)

deliver_data(data)
sndpkt=make_pkt (ACK)
udt_send (sndpkt)

b. rdt2.0: receiving side

Figure 3.10 ¢ rdt2.0-A protocol for a channel with bit errors

23


http://www.it98.ir

axg L INAK L ACK sl b 005 18 s youms, plEin 40 0)ls cll> GG 400 1AL 2.0 6l FSM sl o i
Corrupt(rcvpkt) && rdt_rcv(revpkt) ol oV «.¥ JSo 50 080 oo gl i b oo Cdls j0 Cgune dans 4l 4
el 00 sdaline oz T g oo il ys aas ;T )0 a5 w5 )ls cllas slayg, opl L X

Jlio! o e ol yohay ol Slpo i o cilawlio Ll S o 5 1AL 2.0 JSSg, a5 s oty cyui sl (e
ok a5l 0,50 Wb qeagp gl 4l 5l B) o9l (oo ol 0 1) aiil wgre NAK L ACK slo ainy aSs]
b b Blas s 10 2w Sl Sl (S a5 ylissT e b oloisl csliwbio (puiS S8 (quiS Jo |y allus
ol 5 S Jlgm oS obo, 1) olallas i b oS adlol NAK L ACK o aws 40 1, checksum gl e
NAK L ACK 31 a5 caulxn! jo JSie .auS cdbslb |, NAK L ACK Gla ass slallas 0l SS9 oka> a5 ol
S,05 s 00,8 2l j0 Cawyo 1y oo L)l Sledbl oy 3T 00518 LT Sl 5 2T gl ol saiiw 8 il Ggare

"L "OK" il osigS 51 amo aluil canl (e (6,1 ax plo aiSGo g )l 0 Jlusl o 0SS ol ol o

5l caaz g9 oplplo) “What did You say “ : aw p aalys Yot (iSs S s 00i 5 51 1, “ Please Repeat that
28l o Bl azx Lol i8S o )55 1) Gl 00T L (090 (o0 48LS) Lo S5 g s 00 S 4 00w b Sledbol diany
wSo0 5l idu (op 0 dles LT AT Wils ad 00 o5 € (095 Ol 3) 09 b s a8l "What did you say " ale> 3
ol canl Sew adl o “ What did You say* : cis salys Olga o Yl a5 olg> 31 1S5 lp Lol b og
2l e o2 o>

aSb S b, 1y s slallas s 45 sas 5l saiw b 4 b ol ChECKSUM 315" sla ey 40,5 adlal pgo ol
o J S ed dghie | Lol Lol aiS O3 1 e dies wilgs o oSy JUIS (605 JSCie el ol caiS o LG T s
S

ooz 1y sl Sledlbl atus s il 0 NAK L ACK Sledlbl ains o o8y a5 ol opl coatin B gl pouw Jo ol
b a0l (ool JISE1 0518 5 (oo 005 15 s ot JUIS 40 (el ) (6,55 slo a5 yme 4 e s39, ol -ules o)
ALl o0l 8l 0 ouiiiw b lawgs usmo gl 00,5 Jlo )l a5 NAK L ACK 1 ST LT wls  sod 0055 a5 ol )]
sl 3370 Jloyl o b el sy ledlbl Julis 00,5 il o a5 gl asan wils o5 oopl plis

(05855 51a3,8) 5ol )3 b g oS a8l Sledlbl iy 4 2y ald G a5 Cunl G oz St cnl (6l o3l Jo ol S
Sygo onl o sl atdls |y 993 Sledbl sls atun o)l soiiin 3 45 0uiS o 6,5 Abd ol slp v o leis S
JSS95 0590 50 05 S 1y sae cpl 8,00 55 s i b ol sz Jlooyl S (8L 50 s bl 48! a6l 0055

W 05,5 LT Wlay B olo salgs Sl 005,18 @ sae opl e wenl BT oV JIg sae S5 Stop and wait esle
Lo caws 4 Y1 a5 el (sl dias o)lods lad o0y ats Jlgi o)Ly & ygan] ;o) ooliw 3 0,bgs |, LB o Lol

Ot g (03 08 L diy 0] 53 @l 03,8 (B33 1y (JUIS Lo oz (WS (o0 (358 0)lod ) el pazr iy S L g (o,
s, NAK L ACK W 45 Q1S o 00,8 05,105 ds JIg5 o Loy y0ls lis a4 o3k NAK LACK sls ais
el 00 Jloo)l Sledlbl a0 3T 40 ks 5o

oot ,d slo FSM Laas o oylid |y canl 1AL 2.0 51 o0l asews a5 1At 2.1 6 FSM G s VYLY 5 V1LY sla S
4 (ol aias a5 0l cllas ol 0aisS bbb SS9 a5 ol o el ol Lo 05,10 > g0 plaS,a FAE 2.1 o0i 15 g
» Jleel &5 S am g w0 pdn [V b e (Jlg sae o ab (08 Lawg) oad il s (eaiin 3 b ) o Jlul 13
Lgd o oanlive 3L,0 b (Jloyl ) o )leds (sl atn y0 a5 sistws Jloel o <8l ,o b Lol + o )led aian a5 ayl
el Jg5 dae Jloxinl o926 0 Sglas Lo a5

24

"M A M

"8 6


http://www.it98.ir

’%Dﬂ:ﬂﬂ s qUis azil
\_ mmm.itgz.ir

;‘ MJB(SALSMFL” Qs UBL’:‘)Q uasl"‘\""“"g_g‘jﬂ M)Bsagoé;uﬁb)ééng‘ng‘fwﬁ‘abA_iso.)..s)..f Al
Sl NAK a5 5 )ls 1) 6,56 len (o y2s (a8l ool <8k yo pla o) sle l, ACK el NAK byl sl
Sy |y ply 00i 5 a5 Wls oo g (WS oo 8l )0 55 ACK ) .JJ.SL;QCAL{)OACK 99 plo SO (sl oo )8

el 00,55 8k o

rdt_send(data)

sndpkt=make_pkt (0,data,checksum)

udt_zend (sndpkt)

rdt_rcvi{rcvpkt) k&
T
\“x (corrupt (revpkt) ||

“‘\‘ isNAK (rowpkt) )
Wait f(}r Wait f'or udt_send 'ti'-?-'lf-ll-‘}\'-l- 1
call 0 from ACK or
above NAK 0
rdt_rcvi{ircvpkt) rdt_rcvircvpkt)
&& notcorrupt (revpkt) && notcorrupt (revpkt)
&& iSACK (rcvpkt) k& isACK (rovpkt)
= A A
o Wait for Wait for
ACK or call 1 from
o NAK 1 above
o
rdt_rovircvpkt) &&
= {corrupt (revekt) |1
. isMNAK (roevpkt))
udt_send (sndpkt) rdt_send(data)

sndpkt=make_pkt (1,data,checksum)

Ww W

udt_send (sndpkt)

Figure 3.11 ¢ rdt2.1 sender
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rdt_rcv (rcvpkt) && notcorrupt (rcvpkt)
&& has_seq0 (rcvpkt)

extract (rcvpkt,data)
deliver_data(data)
sndpkt=make_pkt (ACK, checksum)

rdt_rcv (revpkt) udt_send (sndpkt) rdt_rcv (rcvpkt) && corrupt (rcvpkt)

&& corrupt (rcvpkt)
sndpkt=make_pkt (NAK, checksum)
sndpkt=make_pkt (NAK, checksum) X udt_send (sndpkt)
udt_send (sndpkt)
Wait for Wait for

0 from 1 from

rdt_rcv (rcvpkt) && notcorrupt below below

(rcvpkt) && has_seql (revpkt) rdt_rcv (rcvpkt) && notcorrupt
(rcvpkt) && has_seqg0 (rcvpkt)

sndpkt=make_pkt (ACK, checksum) \/

sndpkt=make_pkt (ACK, checksum)
udt_send (sndpkt) udt_send (sndpkt)

rdt_rcv (rcvpkt) && notcorrupt (rcvpkt)
&& has_seql (rcvpkt)

extract (rcvpkt,data)
deliver_data (data)
sndpkt=make_pkt (ACK, checksum)
udt_send (sndpkt)

Figure 3.12 ¢ rdt2.1 receiver
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rdt_send{data)

sndpkt=make_pkt (0,data, checksum)
udt_send (sndpkt)

rdt_rcv{rcvpkt) &&
T
T~ {corrupt (revpkt) |

-.._‘ 1sACK (rovpkt, 1))
Wait for , dt_send (sndpkt
Wait for udt_send (sndpkt)
call 0 from ACK 0
above
rdc_rcv{rcvpkt) rdt_rcvi{rcvpkt)

&& notcorrupt (revpkt) && notcorrupt (revpkt)
&& 18ACK (rovpkt, 1) && 1sACK (rovpkt,0)
A A

. Wait for
\rﬁ;}(f?r call 1 from
above

rdt_rovircvpkt) &&
(corrupt (rewvpke) ||
isACK (rcvpkt,0))

rdt_send(data)

udt_send (sndpkt )

sndpkt=make_pkt (1,data, checksum)
udt_send {sndpkt)

Figure 3.13 ¢ rdt2.2 sender
1,k 90 5ol Sy o3l 4 JBlas ayly a3 Sl 00 oF dian 45 39 ytakae 1 wiley Hiie syl iz ouiiu s Lol
0d S )3 A A1 5 Sl 5l 9590 Gloj ladie 09l (ke Slo Db e ;0 S AL el ) 0 S g ouiin B
SISl 5T 550 50 Gliebl b I3 o yieS 5 el St Jlony 5o3b iSTam 05T o aSLS ity o S Lo
S Ghgy orl el a2l g90% b sl lej PBla ol ply 057 b5l el 0 B diy ol SS9 cogdles
A0S 4z g bl e G e o oF ] (b a5 wiS bl | o) jlake oo B sl eaiie b edd a8 pdy Jes 5o
@ g sy & Sl (5o a5 g0 0 S Lol Toaome 1) dit oaizin 8 ol S il aiils (g0l U aiuy 314
o s 0 S s ooiisd B o 1y 6,155 Ml slo aey 335 Sl 15 ol il enti oF T ACK by
S0 1y 6,5 sl atay o paw sl Y 0,815 KL 2.2 ISSg, Vo ailiseigs o5ke

27


http://www.it98.ir

rdt_rev(rovpkt) && notcorrupt (revpkt)
&& has_segl (roevpkt)

extract (rcvpkt,data)
deliver_datai{data)
sndpkt=make_pkt (ACK, 0, checksum)

A udt_send (sndpkt)

oncethru=0 oncethru=1
s
£
L
“
R /’—\
"k
rdt_rovircvpkt) && rdt_rcv(rcvpkt) &&
{corrupt (revpkt) || Wait for Wait for {corrupt (revpkc) ||
has_seqgl (rcvpkt) ) 0 from 1 from has_seqgl (rcvpkt)
below below
if (oncethru==1) udt_send (sndpkt)

udt_send (sndpkt)

"

rdt_revircvpkt) && notcorrupt (revpkt)
&& has_seqgl (rovpkt)

extract (rcvpkt,data)
deliver_data(data)
sndpkt=make_pkt (ACK, 1, checksum)

udt_send({sndpkt)

Figure 3.14 ¢ rdt2.2 receiver
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rdt_send(data)

sndpkt=make_pkt (0,data, checksum)
udt_send (sndpkt ) rdt_rev(rcvpkt) &&
start_timer {corrupt (rcvpkt) |

S 1sACK (rovpkt,1))
~
. A
rdt_rcvircvpkt) k'Y
A Wait for . timeout
Q call 0 from WAac'Egr udt_send (sndpkt)

above start_timer

rdt_recv(rovpkt)

&& notcorrupt (rovpkt)

&& 1sACK (revpke, 1) rdt_rev(rovpkt)

&& notcorrupt (revpkt)
&& 1sACK (rovpko, 0)

stop_timer

stop_timer

timeout Wai

: : ait for
udt_send (sndpkt ) Vlancl‘:I(f?r call 1 from
start_timer above

dr_rc .-fJM»[kL]
rdt_rcvircvpkt) &&

{corrupt (rovpkt) ||

e isACK (rcvpkt,0)) rdt_send(data)

— A . ) )
sndpkt=make_pkt (1,data,checksum)
udt_send (sndpkt )
start_timer

(o]

o Figure 3.15 ¢ rdt3.0 sender

o
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Sender

send pkt0 .‘Eisl“hh“

po
rcv ACKD /
rcv k

send pktl

pCt
rcv ACKL /

send pkt0

a. Operation with no loss

Sender

send pkt0 Pktg

rcv ACKOD Pkty
send pktl “‘h‘hhh“*
timeout

resend pkt1l .&‘k;;\.
‘/“m

rcv ACKL Pkto

send pkt0 “h-h“‘-uh‘
‘/“w
c. Lost ACK

Receiver

rcv pkt0
send ACKQ

rcv pktl
send ACK1

rcv pkto
send ACK(Q

Receiver

rcv pkt0
send ACKQ

rev pktl
send ACK1

rcv pktl
(detect
duplicate)
send ACKIL

rcv pktl
send ACKO

35 (oo dplos 43S (] GBPs <, (link) st 6 o
4l 4, Sdtrans = L = 8000Bit/packet = 8

Sender

send pkt0 Pktg

/

pK
rcv ACKD Pktq
send pktl hh““qux)
timeout
resend pktl ~‘££2~u,_h‘*
pett
rev ACK1 /
send pkt0 thﬁEL‘-‘~‘
pe®
b. Lost packet /
Sender

send pkt0 ° Pkto

/

5

\

rcv ACKO
send pktl[ Pty

[

timeout
resend pktl

A=

T
=
)
@

R

t7 o)
rov ACK1L
send pkt0 ° Pktg

rcv ACKL
do nothing

=

?
\fﬁ

d. Premature timeout

R bits /sec

Receiver

rov pkt0
send ACKO

rocv pktl
send ACK1

rewv pkt0
send ACKO0

Receiver

rcv pkt0
send ACKO

rowv pktl
send ACK1

rcv pkt 1
(detect duplicate)
send ACK1

rcv pkt0
send ACKO

Figure 3.16 + Operation of rdt3.0, the alternating-bit protocol

wWw.it98.ir

30

"M A M

]

8


http://www.it98.ir

fgw Oilelibl s)glis (asil
? o
\__-' \utum.itgﬂ.ir'

9 8 .

t

Ww W.

el e JS5g, [RA3.0 cllee (Y18 S
eSS g G Sliles

odieS dluw

caieS ACK

seyn 5 3 olos s

data pc:cke‘r—»

<+— ACK packets

(@) a stop-and-wait protocol in operation (b) a pipelined protocol in operation

LS‘ dJSJ J‘i’5)’ )‘.")'3 )9 )U""" 9 ““55‘ J‘i‘ﬁf’ Y-y JS’“’
Colad Jl jo JUal g adgs JSSg

Cudld Jl o ol g JSS9

53 e 9 1500 j0 b ats Jlo )l 4 89,8 oosiw,3 81 Ual g caBgs JSTg, b aS ams oo lis Y-YA@) JSi

355 Slaal 5,500 10 Jio Wy s 032 Sl53 00t B Cas 51 JUIS 3 (5995 S (23T S 4,305,500 t5L/R=8
055 & 465,500 t= RTT/2+L/R=15.008 g ) St (3T 5 035 oo 9,5 1y 1555 | 30 50
Py A2l

(oS 030l | el JWsl o ol (oo Lo 9) Sz s jlomm s ACK (slo iy a5 035 (0 (28 157 (Solos (sl
S ACK (S ol ogd oo 28l o o ools s 5l s (0,31 a5 (aBg0 oy |, ACK G wilgs o 005 05

Aos JESH gom plo Wilg oo oaiiw B alais (pl 10 .00,5 o p odiin,d 4 4l §,Se t=RTT+L/R=30/008
9 02 Lo 51 el ooliw 3 1, (6l ailig e 0/008 sl S Lasd a3 ailiy,See 30/008 o 1l ol

ol U a Lpis pobiw 3 Jgnien DalS oo 18 a5 o 1o L5 50 b 5 S 1, (U L) sauis 18 (Utilization)
59,5 0ai b Cas 3l (L ol (55 00 il g g5 ISTsy 45 wims oo L25 3.18(2) S (slo Lol

209 oo dnmline 4555 ol UseNder

U sender = L/R = 0/008 = 0/00027

31


http://www.it98.ir

RTT+L/R  30/008

2l Ve ol 3y ol e oaiin 8 500 ©)le 4 1wl 039y Joiio oy do 55 o I VIV LS ot 3 ¢ oim
» Gbps S LLs )l G a5 w2 ((KOPS) sl jo colishS YAV s (699,5 (sins sl 005 adls (oo Yo /o + A
ol €313 5y ColLIES S (bl Cud b sl 1, ool e a5 0iS g |y ol 6 4Kl e | Cewl 00y oy
Skl sl aSed sla SS9 Hohazr o5 el (nl 5l (ciled diged (nl 1025 (o0 4l 0 S LS VPV (2,5 Lo Lol

5 0w B Ceow ;3 ) SS9 n slo Y (b zokaw 5o 5l ledley Lo 55 g ainS (e Sgase | (sl aSed (5,18 e
A 50 o | T e 95252 0038 5 0aiin b oy (ROUTET) s 55, 2 55 45 o 5 (33100 (slo 5 55 5 oS
B9 (o0 hend Sykee i dged g U yiien Gl Sl LS ey cnl (85 L s el 485

iz b ogd ooy ol>l oniziw 8 4y laiil 5 a8gy cll> 4y o Sloe sbow icwl ool ol (60 ,Sles e (0l > ol
YA (D) JSCo ol oas ools Las Y1V (D) UK j0 a8 job yled Wgd 0obin b Jgog pod e (Gl )15 4 atan
o) LS sl ails Jgo 55 o sl Ul 5l Gty 1) a3k 8 ojlarl saiin § ST S e (o L
SE] Jl 5 45 0355 4y 00kt B yama ;0 (90L5 b dt Jlg5 (o0 a5 LT 1 0sd e il a ol 5 0t B ()
54 oo axaS (PIPElinINg) ol algd JUasl 8 (SuSS cpl b cardl 00, 5 1) Algd G a8 Kl 0,5 samlins |,

3,085 50 b osls Jlsl IS, slp |, 25 wlas,staws pipelining

[y 095 ey 0ae Wb (o bgo sl JWl aule o) Js! Jb jo as o 15 a0l iol8l sl oo 5 slael olows
ol b o 43 LT Jgog el dliny 55t a8 wdly axiils g2y JUELl by dy itz Cel (Koo 5 il il
el 000 8

iy 0)bgd Wb oaiin 8 (> 0 eST 50 oS Lol dias S 5l s Sl (S SS9 (5 00 T g oain 3 8k
by Sy Sl iy 53,8 Lol 0,bgs oS Jlus ) 0,bgs 1, suwlss (yladgog wdlel jeim Lol coul ools Jlil a5, slo
2,5 aeblys Eom aslsl 10 a5 b lan il p3Y 6L 0 1S o 5 el (Sas b aiie o

Mo 00,8 52 ol e iy Losls Jasl SS9 9,95 2 () 4 (Lol 0)bss slajls 5 5L 9550 (o olasl slass
Selective il oo sl pipelined ,o lalas SL5L L 0,955 50 b 0,505, 90 .8, (S odiaS b 0y Lali
Repeat, Go-Back- N

Go-Back- N (GBN) y.f.v

(152 45 loj ) a0 JE! Sy oMol S5 18 cyg0 |y dy iz b 895 (g0 00l il sain b 4y GBN S5 49
Lo ol JUisl dlgd a1y Jgog adlel oot sl iy Jlo )l o3l N o padein slass 5151 i a5 0l Jlo )| Cudgame Js
GBN applet L b pealys oo Lo 51 023, sl 515 G (Jg 0 (o0 ooy s b | GBN JSS5,, jase ol o
S L 5 p5e Cule g 50 (1555l &y L APPIEE )

Wiy 3] e oae Ll Lo 31 ams oo ylas |, GBN JSsg 5 5o (o5 slael slows 5l oaciin 8 ol8ays Y14 s
29e «hny) ot o3liul oo 5 23 o Sz sS (NEXISEANUM) (sum (o5 3ae 5 e a5 a5 0 Jguog el (y9
slacl o9l oo aduiio oy Slael cud 5 0 alold e cdls b o wall (09 Jlo,l csl J18 a4 gom a5
alols ol oads il o lidgos edlel g ol Jlu )l a5 axtes b ates 5 atws T ol (0,base-1) s alols 5 55
ol (lidgog e Jg wil oo Jloyl a8 conl ol a5l aiws 1 (6l (Dase-Nextseqnam-1) &

32

wWw.it98.ir

"M A M

"8 6


http://www.it98.ir

»'W Olelibl s;glis fail
? 3.-!5
\4 www, ity ir

9 8 .

t

Ww W.

haid s aialgs Jlol o5 o 4 058 oo ool ol atus sl (NEXtsegnam,base+N-1) ¢ abols jo o5 5 slacl
Qg oS Gloy b auslyy ool base+N ol L 25,5 o olael 3T 50 g aisd Jlo)l oYL Gla 4 5l e sols wub

Wb (o 5 0 &5 (6 A (pgatt) Wigd Jlujl s ladgeg pdlel JUml dy) jo pol> b 50 Jeog pdlel o slo
(o,ls 1, (Base)

L oois Jgog pMel 550 Lol o Jluo)l (ole dies slps jlme (oo 5 Slacl olawd el ool Y14 JS 0 a5 o len
oily gl a olael 5 5 (slad jo o,y cpl (SS9, o, Ses plKin 050 o 00l ioles oo 5 olael JIN L 51 gl e
2 oty SS9 plyie 4 oo GBN US5g5 5 00 48,5 Jlai 0 02y (6 o3l plyie @ adan N do ol 4 05 oo
Jyog pdlel 5 Jlaiie sla ain slaws [z Lo a5 dw o Gl (S 2095 0 00l (SlIDING WiNndOW) <5 > 1>
YO 5w 50 Spudd cod youe 03l b atiy ol 5l (60505l dlaad s > L0iS oo dgae Jgl al> o 0 N e & | oo
5 1, (6,50 ol TV iy 3 5 o o o Sl psgions 313 53 Yo 31 52 ol L5 45 s el
3,5 wealgd oy TCP Gl )by anlllas

b ol (pipeline (Jusl & L)
JUasl g Lot 5 el (s 5 Jlol (F-VA s
35 e Alasl 3l ez b o8 s (M-V4 KGOo-Back-N

sy5 A=RTT+LR

\

<4+-----
<4 ----

33


http://www.it98.ir

Sender Receiver

First bit of first packet Ei) gl

transmitted, t=0—————

Last bit of first packet ———
transmitted, t = L/R

— First bit of first packet arrives

RTT — Last bit of first packet arrives, send ACK

ACK arrives, send next packet,——
t=RTT+L/R

a. Stop-and-wait operation

Sender Receiver

First bit of first packet
transmitted, t =0

Last bit of first packet
transmitted, t = L/R

— First bit of first packet arrives

— Last bit of first packet arrives, send ACK
— Last bit of 2nd packet arrives, send ACK
— Last bit of 3rd packet arrives, send ACK

RTT—

ACK arrives, send next packet,—=
t=RTT+LIR

b. Pipelined operation

Figure 3.18 ¢ Stop-and-wait and pipelined sending

base nextsegnum
Key:
Already Usable,
ACK'd not yet sent
: : I:ISent not H
| I Not usable
Window size yet ACK'd
N

Figure 3.19 ¢ Sender’s view of sequence numbers in Go-Back-N
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GBN osz )‘ FSM S oé)ll-wf @»49-‘ (Y-v- Ji*‘

rdt_send(data)

if (nextsegnum<base+N) {
sndpkt [nextseqnum] =make_pkt (nextsegnum, data, checksum)
udt_send (sndpkt [nextsegnum] )
if (base==nextsegnum)

- start_timer
-

A e nextseqnums++

- ~.
~
base=1 ‘-\\ }
nextsegnum=1 ~ else
"-,.\_ refuse_data(data)
~
-
-
Y
b
. .
. m timeout
A

start_timer
Wait udt_send (sndpkt [base])
udt_send(sndpkt [base+1])
rdt_rcv{rcvpkt) && corrupt (rovpkt)

R O U udt_send (sndpkt [nextsegnum=-1] )

rdt_rev(rocvpkt) && notcorrupt (revpkt)

base=getacknum(rcvpkt)+1
If (base==nextsegnum)
stop_timer
else
start_timer

Figure 3.20 ¢ Extended FSM description of GBN sender

GBN Lgo..\jj_:f)" FSM 3 oo).‘:..f oy Y-\ JS,»

rdt_rcvi{rcvpkt)
&& notcorrupt (roevpkt)
&& hasseqgnum({rcvpkt , expectedseqgnum)

extract (rocvpkt, data)

deliver_data{data)

sndpkt=make_pkt (expectedseqgnum, ACEK, checksum)
ude_send (sndpkt)

expectedsegqnums++

default

A udt_send (sndpkt)

expectedsegnum=1
sndpkt=make_pkt (0, ACK, checksum)

Figure 3.21 ¢+ Extended FSM description of GBN receiver
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send pktl

send pkt2

send pkt3
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rcv ACKO
send pkt4d
rov ACKL
send pkt5

— pkt2 timeout
send pkt2
send pkt3
send pkt4
send pkt5

R R N O N I

!

drosors

Figure 3.22 ¢ Go-Back-N in operation
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send ACK1l

rov pkths,
send ACK1l

rev pkt2,
send ACK2
rov pkt3,
send ACK3

discard
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deliver

deliver
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a. Sender view of sequence numbers
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J00000000NRRO00DR0RRRNT B, Do

Window size |:| vet received D Not usable
N

b. Receiver view of sequence numbers

Figure 3.23 ¢ Selective-repeat (SR) sender and receiver views of
sequence—number Spcce
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Sender Receiver

pkt0 sent
0123456178383

pkt0 rcvd, delivered, ACKO sent
01234567829

pktl sent
01234567829

pktl rcvd, delivered, ACKl sent
0123 45678¢9

— pkt2 sent
012345867823

pkt3 sent, window full
0123458678383

pkt3 rcvd, buffered, ACK3 sent
ACKO revd, pkt4 sent 01234567829

01234567829

pktd rovd, buffered, ACK4 sent
012345867889

ACK1 rcvd, pkt5 sent
0123456789

pkt5 rcvd; buffered, ACKS sent
012345678789

L pkt2 TIMEOUT, pkt2
resent

01234567829

pkt2 rcvd, pkt2,pkt3,pkt4,pkts
delivered, ACK2 sent

012234567829

ACK3 rcvd, nothing sent
01234567829

Figure 3.26 + SR operation
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So,L, Jlo,l b doas aies S5 25, 05l b sl 0 min L SR (6 005 15 JSCie (V=YY S

Sender window
(after receipt)

0123012
0123012

0123012

timeout
retransmit pkt0

0123012

- a.

0

o Sender window
(after receipt)

e

- 01230012

= 0123012

=

= 0123012

b.

Receiver window
(after receipt)

pkt 0
ACKO 0123012
pktl ,_f
ACK1 0123012
pkt2 £ ,f_“'
% #””' ACK2 01 2 3 012

AN\

s
pkt0 receive packet
with seg number 0
Receiver window
(after receipt)
pkto
ACKO 012 3012
pktl /_’
ACK1I 012 3012
pkt2 ﬂ
ACK2 012 3012
pkt3 /
ps
pkto

/

receive packet
with seq number 0

Figure 3.27 ¢ SR receiver dilemma with too-large windows: A new packet
or a retransmission?
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Figure 3.28 ¢ TCP send and receive buffers
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Figure 3.29 ¢ TCP segment structure
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Mechanism Use, Comments
Checksum Used to detect bit errors in a transmitted packet.
Timer Used to timeout/refransmit a packet, possibly because the packet (or its ACK) was

lost within the chonnel. Because fimeouts can occur when o packet is delayed but
not lost (premature timeout), or when o packet has been received by the receiver
but the receiver-to-sender ACK has been lost, duplicate copies of o packet may be
received by o receiver.

Sequence number

Used for sequential numbering of packets of data flowing from sender fo receiver.
Gaps in the sequence numbers of received pockets allow the receiver to detect o
lost packet. Packets with duplicate sequence numbers allow the receiver to detect
duplicate copies of o packet.

Acknowledgment

Used by the receiver to fell the sender that a packet or set of packets has been
received correctly. Acknowledgments will typically carry the sequence number of the
packet or packets being acknowledged. Acknowledgments may be individual or
cumulafive, depending on the protocol.

Negative acknowledgment

Used by the receiver to tell the sender that a packet has not been received correct-
ly. Negative acknowledgments will typically carry the sequence number of the pack-
et that was not received correctly.

Window, pipelining

The sender may be restricted to sending only packets with sequence numbers that
fall within a given range. By ollowing multiple packets to be transmitted but not yet
acknowledged, sender ufilizotion con be increased over  stop-ond-wait mode of
operation. We'll see shortly that the window size may be set on the basis of the
receiver's ability fo receive ond buffer messages, or the level of congestion in the
nefwork, or both.

Table 3.1 ¢ Summary of reliable data transfer mechanisms and their use
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Figure 3.43 ¢ Congestion scenario 1: Two connections sharing a single
hop with infinite buffers
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Figure 3.44 ¢+ Congestion scenario 1: Throughput and delay as a function
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Figure 3.45 ¢ Scenario 2: Two hosts (with retransmissions) and a router
with finite buffers

G So slpesind (g ay &5 Gloj Ladd oaisS Jlu,l a5 0S50 el oo Cably 4 jiioy (65 S ) ar 990
Cowl pdy Sl pl g2y ol b ls Blasil g lade B,8 lo,bgo Jaws o Jlil o )lgs |y ol cel oals izl ol

QS (el (§ile Ojguar B ol 00,5 pudais S5 S5 ojluila |y isle 1) ole ley sl 5w oaizin )3 (L a5
osls L FLY S ;0 aS sy (6 5e2 dd Sl (5o 0590 ol jo (@3l a8 o 5l Wl 00,950 Braal aST gle aug S
I ouds cewlsm 10 (6,135 ,L a5 0uS (6,8 ,eb | Ll cccl ools ) Lyl Blasl ax a1 0,5 Sy (gl el oas
£ U gk RI2 glas (o,bg0 Ll s ogdlay ol sla sols JWal & 5 yl5me ) ail aslilcol 639,9 mo

63


http://www.it98.ir

RO/5 51 o cnlpls cad RIB o) (oo 00 5 sl 0 a8 sl ol 5l plaS s Jlade opl 50 oo conlys o 351
(dawgio joh) asbicolb R 0/16 5 sizen Lol (sl ools (Jawgio joha ) asbicolb R 0/33 o Jaiie sla ools 5l axlg
JEl Joe b oaiiw @ — puin o0 1) ploojly 4l glo 4 jo 5l o (G eyl b o a8l il o,bgs slo oolo
DS Gl 1y 8L 5y JbB 0als o) (sbe dny (g1 B ams plxil ) 0)Lgo

a8 Jloyl 0)ligo 1) (61 atn g 395 TIMEOUT gdge 51 iy ol (ySon 00t 3 45 035 (28 1) (o dolo euled 5o
adly, Jlsl o bgs 5 ol sla ools ol slo axin 90,0 cdayl i ol jo sl aid i s 5l jeim Lol o jls 50 e jo oS
alewg )15 5 50 cpl j0 .l pdy walgsu 1) atan g 05l Zloal s 5l oS SO 4 00,8 ald] i 05 15 4 el (e
o2 0% S 4 U wogd oo plowil wisgy oads Al a5 Lol (sl esls (g amy jlassly Jlasl o)bgs (oS Jlo)) o Sl yas
sl aiy Jlo )l (slom Sl Jml eudyb ojlail B sl yige Ol s 286 00y i 1 (ol (o5 S5 0955
Jlo)l dewgy aulszl (5 0,bgo Jal ccwl ploojly (6 oSl slo ai o 51 oo (6 5 iyl ey 0uS oolain] ooglas
s oS Jlo)l sl 093 Saod wil sl 5l ol e SO U 05l el conl e I3 so 13U D90 (0 0aisS

Hbge Ay o Sl oads (o3 aS Slej oy eals SO 5 pd Cud b aes pe lad TRV S auS colatwl anuy l atulesl
(s s b)) lej Gulss el Jlal )by atny 52 &5 Sloj B el o0l Jlol (lawgie jskar ) Ol s (6 ahossy
el walgs | RI2 b oad aulgs 6 1356 5T R4 6 wilis s lade

RI2—4-——————————————— RIZ4———————mm—m——— = R/2

RIZ— == === mmmmmm e = =

l'01.11;

RIg—- == mmmm e

lmn;
lOUI

a. b. C.

Figure 3.46 ¢ Scenario 2 performance with finite buffers

i (5l s 5 Sg5me 3l b s i3 F 5 ¥ g i
s 50 a5 jshailen colagd (sloyrne ¢ ad (55 plaS 0 aind oo JUETI ) b sy e ¥ o ool (55 s 05 0
S5 ke 0ol (sl 0 bgs Jl ley LL #5066 G5l e 2 a5 0l o 2,8 0)Lgd Lo el ool eols Lis FVLY
S 4ad g aSllcol (699,9 SlY alin lade o L g aan a5 (WS o oolatnl slesel LB (s ools Jll gy
a5 iS22 LB Gl s A Gl o Jlail anl g atalss Llo | aillcolb R cud )b la ol s slo S

I, R2 G s 8,035 o STyl 4 B-D Jlasl L1, R1 b jes s A-C Jlasl 0,35 o R1, R2 la Gl s oy
G2l J2o) sl SlaS 5500 S8 52 pes 4SBIZal (5995 Y SzsS 0>l e polie sl B-D Jlail S5 L
ablcal 699)9 IY 5l 155 )5 (05 polie (sl sl ol aitlgs (6510551 Jolae Lyl By Cud)b 5 (V9 plosj]
g el oo ) dato 4y 9 aSl o Wil ool Jiiie ol sla ool iy aS Sl U acenl 5555 adoren 8 b pdy Cod b
ableol (635,9 Y o iuli8l SO asbicul (694,9 IY S>oS polie glp plplo Cawl Hob g OlaS o 3w

64

wWw.it98.ir

"M A M

]

"8


http://www.it98.ir

f%m:nu gl (el
\5 mmu.itgz.ir

ol aSbleol gy T o ioliél il ases
Ain: original data

Ain: original Aout
data, plus
retransmitted

Host A data Host B

I

—Hi-
s’
R1
R ;= M
‘}., R4 |>‘ b R2
(ViR ¢ U -
__ : A y :
© Finite shared output
o Host D link buffers Host C
- ] ==3
t 7
= R3
=
= Figure 3.47 + Four senders, routers with finite buffers, and multihop paths

$9959 mat Y DLl 5 ) aslbicol (639,9 IWY 4515 (g0 990 dl w235 oy |y by 95 5l G S5 950
YR2 by e 0 A-C sy Kbl s oo 55 0 1) R2 byt oS oy |y ] 530 050l 51 s (il
ol R Lo 5 a5 ol aals 1, R2 4 yos ) o)l5me Wilgi oo (09 o0 Jlo)l R1 ; &Q‘j‘@m)@Rz FIPLY
Ll olas (5l lilals (5355 g MY ST A1l (55,5 1Y laie 5 o e R2 B R i o
A- Sl 5l 555 s sl e R2 0 B-D sl i Jladie o (B-D Jlas! Jolis ) sl Sy oo 51 i
bl lade arsS ) So0S, LR2 Ol s o 58l lad sg0ome e ,bby b B-D 5 A-C asiyl Loy w2l C
SIS 5Sen ot S 5 ST (el 05 3k 5, s (st ) ol o, R2 & cfige L o5 AC
D oo Su3 sleknY (glad 4 oad Cunlys 0 (6531 agazme 50 05h (e 555 5 55,5 B-D i 6 eas anulys
2 0l ey (o o 4 R2 0 A-CJlasl 5ndy cadyls 5058 o0 5 B-D (6 aty o g a9 R2 JI5 3L
sy (50 0 4 (S Sl (5 035970 10 A-C slogil 4 il (B pdy Cud )l oS WS e 05T

a5 Sloj .l S50 B g IS8T ¢ oy oad aiwlgs ()OS ,L T8 b ol e (b pdy cudil jo Cllite talS Lo
Wy Sy By s 0015 7,5 Yl o a5 YU S5 (g5l 5 ] 0 ol a5 (6 Alangs a5 (gl oy il ISl

65


http://www.it98.ir

W5OQMJL»)‘)~> ubw/ub U"‘Jﬁ‘d‘\l‘“’”’y IR W) rnL?u‘ )Lf u.)wab AW L(b) ub)w uL.(b C}:«oy))é

RE2 —

Aout

[s

A

in

Figure 3.48 ¢ Scenario 3 performance with finite buffers and multihop
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Figure 3.50 ¢ Congestion-control framework for ATM ABR service
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