Performance of a "stop & wait” protocol

3 rdt3.0 works, but performance stinks
0 example: 1 Gbps link, 15 ms e-e prop. delay, 1KB packet:

T _ 8kb/pkt
transmit =  10**9 b/sec

= 8 microsec

fraction of time _ 8 microsec

sender busy sending 30.008 msec = 0.00027

Utilization = U =

30.008 msec = total propagation delay + transfer delay,
when ignoring the transmission delay of ACK

o 1KB pkt every 30 msec (méoa KB avd sec ?) -> 33kB/sec throughput
over 1 Gbps link

O network protocol limits use of physical resources!
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Pipelined protocols

Pipelining: sender allows multiple, "in-flight", yet-to-
be-acknowledged pkts

<+— ACK packets

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

7 Two generic forms of pipelined protocols: go-Back-N,
selective repeat
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Sequence humbers

O IIpot ypouun duvvog oc Tpog: packet loss, reordering and mis-insertion.

Tx—0,1,2,3,4, ... (av 10 #4 yobel)
Rx —0,1,2,3,5,6... (yivetou gdkoAa avTiAnmtd amd v apibuncn)
Mis-insertion: 0, 1, 2, 3, 569, 4, 5, 6, ... (opoimc, ovTIAnTTo)

3 I1d6co peydlo mpémel va givor To Tedio Sequence number evog TpmToKOAAOL;
I1edio Seq. # : v bits = apibunon 2V
‘Eoto v=3 101¢: 0, 1, 2, 3,4,5,6,7,0,1,2,3,45,6,7,0,1,2,3,4,5, ...
‘Eotom v=>5 t01¢€!
0,1,23,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24, ...
Av yiver MaBog oto makéto 20, av eiyoue medio Seq. #, v=>5 bits, tote Oa pog
TANPOPOPOVCE UE GAPIVELD O TOPUANTTING OTL VITAPYEL AdBoC oTo TakéTo 20.
Av ouwg siyaue medio Seq. #, v=3 bits, t6te 0 mapaAnTng o pog Eheye OTL
vdpyel TPOPANU 610 TakETo 4. O amocToOAENC OUMG EXEL OTEINEL 3 TOKETO,
ue Seq. # 4, xou emouEvmg 0ev EEPEL € mo10 amd To. 3 TOKETO VITAPYEL AdBoC.
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Y1oAoyiouog Tou UAKoug Tou Ttediou Seq . #

O MPL (max packet life) n MSL (max segment life), in sec.

0 T (sec) : max time a sender waiting for ACK persists in
transmitting a packet.

O A (sec): max time a receiver can delay before sending ACK.
O R (packets/sec) : max transmission rate of sender.

A packet has Seq. # 4 and is repeatedly lost by the network.

The sender keeps retransmitting the packet until time T, after its
1s* transmission of this packet. In the worst case:

The receiver successfully receives the packet the final time it is
transmitted: at time T + MPL. «KoipdTtar» yia xpovo A Ttpiv dmavTioel
ACK, 10 oTroio yia va ¢B8doel oTov amooToAéa Tepvd Xxpovoc MPL.

Ev Tw peTalv, dnA. ato didothua T+MPL+A+MPL, o amooToAéac £xel
oteilel (T+2MPL+A)*R packets, dnA. emimpdécBeToug Seq. #.
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Y1oAoylouo¢ Tou UAKoug Tou Ttediou Seq. #

3 Tia va yn pndeviotei n apibunon Twyv TTakéETWY Kal dpxioel amo Thv
apxn, OnA. yia va eivai giyoupo¢ o amooToAédg yia Ttolo TTakéTo EAape
ACK, Ba mpémel: medio seq.# = v bits, dmou:

g 2v 3 (T+2MPL+A)*R

3 Tlapddeiyua:
MPL = 2 min
T =1min
A =0, sec
R =2 Mbps
min packet size = 40 bytes
= 22 (60 + 2x2x60 + 0,5)*(2x100)/(40x8) =
2V > 1878125 = vs 21

> nueiwTéov, 220 = 1048576
221 = 2096152
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Go-Back-N

Sender:
O k-bit seq # in pkt header
J “window" of up to N, consecutive unack'ed pkts allowed (= ECW)

send_base  nexftsegnhum dlready Lsable. nof
i i ack’ed yet sent
LV CHTIT000000 | et [ rores
+ __ window size —*%
N

O ACK(n): ACKs all pkts up to, including seq # n - “"cumulative ACK"
O may deceive duplicate ACKs (see receiver)

O timer for each in-flight pkt

O timeout(n): retransmit pkt n and all higher seq # pkts in window
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Error Control Window - ECW

O XtéAver w packets kai epipéver ACK. O amootoAéag dev yvwpilel av Td
makéTa ato ECW éxouv AngBei owoTd amd Tov TApAARTITh N £€XouUv XaOki.

Bit errors cause a bit to flip from "1" to "0" or vice versa.
Packet errors: packet loss, damage, duplication or reordering.
Static window flow control - ‘Eva eUkoAo povTtéAo: apyog Router

a aa
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0 Stop & wait protocol (ECW = 1), ouyxpévwg kdvel:
error _control: av xaOei 1o makéTo (timeout) o amooToAéac To {avapeTadidel
HéExpIC 6Tou Adper ACK.

kal flow control: o amooToAéac mpémer va mepipével ACK mpiv petadwoer To
eTMOpEVO TTakETo. ETopévwe n petddoon vivetar avdAoya pe Tnv duvaroTnta
enteepyaaiag Tou 8KTN (EAeyxog pong)
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Error Control Window - ECW (ouvéxeia)

3 Stop & wait Throughput =1 /RTT (packets/s) Goodput (bytes ypnot/s)

3 Av éovue ECW pe w = 3 packets t6te
Max. Throughput = w /RTT (packets/s)
3 'Eotm 0 apyoc Router pe p packets/s
O Oélovue A=W/RTT packets/s ~u= w=p*RTT
BéAtioto mapabupo petddoone:  Bandwidth x Delay product!

3 IHopdostyua,

[Towo ivon To BEATIOTO TOPAOLPO peTddoonc Otav packet size = 53 bytes
RTT =60 ms kot u =2 Mbps

Tote u = 2x108/(53x8) = 4716,98 packets/sec

kol W = 4716,98 x 0,06 = 283 packets
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GBN in

action

sender

send pkt0
send kT

¥ send pki?

send pkT3
(wait)

rcv ACKO
send pkt4

rcv ACK]

—pkt2 timeout
send pkiZ
send pkT3
send pkt4
send pktd

receiver

\
\(l’o(ss)

N

send pkt5 \

—
~

rcv pkto
send ACKO

rev pkil
send ACK

rcv pkt3, discard
send ACKI

rcv pkid, discard
send ACK]

rcv pktd, discard
sencr::l) ACK

rcv pki2, deliver

send ACK2?
rcv pkt3, deliver

send ACK3
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Selective Repeat

O receiver individually acknowledges all correctly
received pkts

O buffers pkts, as needed, for eventual in-order delivery
to upper layer

7 sender only resends pkts for which ACK not
received
O sender timer for each unACKed pkt

7 sender window
O N consecutive seq #'s
O again limits seq #s of sent, unACKed pkts
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Selective repeat: sender, receiver windows

send_base  nexfsegnum dlready Usable. not
Jv ¢ ack’ed yet sent
(LT =y e
L _ window size —2
N

(a) sender view of sequence numlbers

out of order

acceptable
(buffered) but —  (\ithin window)
already ack’ed

ﬂﬂﬂﬂﬂﬂﬂﬂﬂlllllllllIIIIIIIIIII |opectes ner [ rereseer

t _ window size_4

1 N

rcv_base

(b) receiver view of sequence numbers
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Selective repeat

—sender —receiver
data fr'om above : ka nin [rcvbase, rcvbase+N-1]
O if next available seq # in 3 send ACK(n)
window, send pkt 3 out-of-order: buffer
timeout(n): 7 in-order: deliver (also
O resend pkt n, restart timer deliver buffered, in-order

pkts), advance window to
hext not-yet-received pkt

ka nin [rcvbase-N,rcvbase-1]

ACK(n) in [sendbase sendbase+N];
O mark pkt n as received
O if n smallest unACKed pkt,

advance window base to = ACK(n.)
next unACKed seq # otherwise:
3 ighore
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Selective repeat in action

pki0 sent
012345678¢9 _

pki0 revd, delivered, ACKO sent
pkt ] sent o[[234]56789
01231456789 .

pktl revd, delivered, ACKT sent
pki2 sent

0123]456789—my, 01]12345]678F9

pkt3 sent, window full

0 123145678¢9

pkt3 rcvd, buffered, ACK3 sent
ACKO rcvd, pkid sent

01234567879
Of1 23485 6789
pktd revd, buffered, ACK4 sent
pki2 timeout, pki2 resent 023456789

Ol 2341567859 pki2 revd, deliver pkis 2, 3, 4
ACK2 sent

ACK]1 revd, pkth sent

011234516 789 0123456789
pktd revd, delivered, ACKS sent
0123450678¢9
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Selective repeat:

sender window receiver window
(after receipt) (after receipt)

dilemma

Example:

a
a

Q:

seq#s:0,1,2,3
window size=3

receiver sees ho
difference in two
scenarios!

incorrectly passes

duplicate data as new
in (a)

what relationship
between seq # size
and window size?

ktO
01230129

0123012

0123012

SLIDING WINDOW

timeout
retransmit pkg))kto .
012|301 -p receive packet
with seq number O
(a)
sender window receiver window
(after receipt ) (after receipt)

ktO
01230129

012301

0123012

Oj1 2 3j0 1

SLIDING WINDOW

receive packet
with seq number O

0112 301

()
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