TCP: Overview rrcs: 793 1122, 1323, 2018, 2581

0 point-to-point: 0 full duplex data:
O ohe sender, one receiver O bi-directional data flow
O reliable, in-order byte In same connection
steam: O MSS: maximum segment
size

O no "message boundaries”
O pipelined:
o TCP congestion and flow
control set window size

3 connection-oriented:

O handshaking (exchange
of control msgs) init's
sender, receiver state

3 send & receive buffers before data exchange

3 flow controlled:
O sender will not

~ " door

overwhelm receiver

socket
door —

TCP
send buffer

() Segment] —p» ()
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I'eviKd 1opoKTNPLOTIKA KOl AELITOVPYIES TOV TPOTOKOALOV TCP

» Reliable Delivery (A&iomiotn Metadoon)

« Error Detection (Aviyvevon AaBmv)

« Error Correction (Awopbwon Aabmv)

* Full-duplex (Awatevbvvtipro/ Apeidpoun Metddoon)

« Flow Control (EAeyyog Ponc)

« Seguence numbers

« Cumulative Acknowledgement

* Point-to-Point cuvdeon (évag 0mocTOAENS — EVOC TOPOUANTTNG)

« Multiplexing/demultiplexing (uécm twv port numbers — Boacwo!!!)
« Connection-oriented (ue three-way handshake cnuota)

» Congestion Control (éAeyyoc copedpnoNC)
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TCP segment structure

< 32 bits

URG: urgent data
(generally not used)\

source port # | dest port #

counting

ACK: ACK #

by bytes
of data

valid

N\ sequence number
cknowledgement number
head

(not segmentsl)

PSH: push data now
(generally not used)—|

ATDESF rcvr window size

m
c:\
3

ptr urgent data

# bytes
rcvr willing

RST. SYN, FIN:— |

_—
Op’ya{ (variable length)

to accept

conhection estab

(setup, teardown /
commands) application

Internet /

checksum
(as in UDP)

data
(variable length)
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TCP seq. #'s and ACKs

Seq. #'s:

O byte stream
“number” of first
byte in segment’s
data

ACKs:

O seq # of next byte
expected from
other side

o cumulative ACK

Q: how receiver handles
out-of-order segments

O A: TCP spec doesn't
say, - up to
implementor

iy

<

User
types
|CI

host ACKs
receipt

of echoed
|Cl

Host A

receipt of

‘

Jaa = C 'C', echoes
KﬁAS’ kl 0
qs79»P‘C back 'C
Se

Seq=~

q‘43, ACK=8O

simple telnet scenario
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TCP: reliable data transfer

event: data received . cr- .
from application above simplified sender, assuming

create, send segment *ohe way data Tr'qnsfer'
‘no flow, congestion control

event: timer timeout for
segment with seq # y

retransmit segment

event: ACK received,
with ACK #y

ACK processing

3: Transport Layer 3b-5



TCP:
reliable
data
transfer

Simplified
TCP
sender

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

sendbase = initial_sequence number
nextsegnum = initial_sequence number

loop (forever) {
switch(event)
event: data received from application above
create TCP segment with sequence number nextsegnum
start timer for segment nextsegnum
pass segment to IP
nextseqnum = nextsegnum + length(data)
event: timer timeout for segment with sequence numbery
retransmit segment with sequence numbery
compute new timeout interval for segment y
restart timer for sequence numbery
event: ACK received, with ACK field value of y
if (y > sendbase) { /* cumulative ACK of all data up to y */
cancel all timers for segments with sequence numbers <y
sendbase =y
}
else { /* a duplicate ACK for already ACKed segment */
increment number of duplicate ACKs received for y
if (number of duplicate ACKS received fory == 3) {
[* TCP fast retransmit */
resend segment with sequence numbery
restart timer for segmenty

}

} /* end of loop forever */
3: Transport Layer 3b-6



TCP ACK generation [RFc 1122, RFC 2581]

Event

TCP Recelver action

in-order segment arrival,
no gaps,
everything else already ACKed

delayed ACK. Wait up to 500ms
for next segment. If no next segment,
send ACK

iIn-order segment arrival,
no gaps,
one delayed ACK pending

immediately send single
cumulative ACK

out-of-order segment arrival
higher-than-expect seq. #
gap detected

send duplicate ACK, indicating seq. #
of next expected byte

arrival of segment that
partially or completely fills gap

immediate ACK if segment starts
at lower end of gap

3: Transport Layer 3b-7



TCP: retransmission scenharios

«— timeout ——

time

lost ACK scenario

92 Timeou‘r—>|

100 Timeou‘r—'l

N Seq

[«— Seq

time

premature timeout,
cumulative ACKs

3: Transport Layer
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TCP fast retransmit

Host A Host B

— Seq=92, 8 bytes of data

Seq= 1oow
\X

ACK=100
(

timeout

’ACK=100
~Seq=100, 20 bytes of data

A4

v VL

fast retransmit after sender
receipt of triple duplicate ACK

Transport Layer  3-9



TCP Flow Control

-flow control
sender won't overrun
receiver's buffers by

transmitting too much,

receiver: explicitly
informs sender of
(dynamically changing)
amount of free buffer

too fast space
O RevWindow field in
RcvBuffer = size or TCP Receive Buffer TCP segmen'r
RevWindow = amount of spare room in Buffer sender: k€€P§ the amount
. Reindow of transmitted,
unACKed data less than

7 o most recently received
/ r / _,_apl’l‘“a“"“ RcvWindow

/,. process
777 /
b RevBuffer ————#

receiver buffering

data from
IF

3: Transport Layer 3b-10



TCP Round Trip Time and Timeout

Q: how to set TCP
timeout value?
3 longer than RTT
O note: RTT will vary

3 too short: premature
Timeout

O uhnecessary
retransmissions

3 too long: slow reaction
to segment loss

Q: how to estimate RTT?

7 SampleRTT: measured time from
segment transmission until ACK
receipt

O ighore retransmissions,
cumulatively ACKed segments

0 SampleRTT will vary, want

estimated RTT “"smoother”

O use several recent

measurements, not just
current SampleRTT

3: Transport Layer 3b-11



TCP Round Trip Time and Timeout

EstimatedRTT = (l1l-x)*EstimatedRTT + x*SampleRTT

O Exponential weighted moving average
3 influence of given sample decreases exponentially fast
O typical value of x: 0.1 (or x = 0.125)

Setting the timeout

0 EstimtedRTT plus "safety margin”
3 large variation in EstimatedRTT -> larger safety margin

Timeout = EstimatedRTT + 4*Deviation

Deviation =(1-x) *Deviation + x*|SampleRTT-EstimatedRTT |
typical value of x: 0.25

3: Transport Layer 3b-12



TCP Connection Management (setup)

Recall: TCP sender, receiver
establish "connection”
before exchanging data
segments

3 initialize TCP variables:
O seq. #s

o buffers, flow control
info (e.g. RevWindow)

A client: connection initiator

Socket clientSocket = new
Socket ("hostname" , "port

number") ;

O server: contacted by client

Socket connectionSocket =
welcomeSocket.accept() ;

Three way handshake:

Step 1: client end system

sends TCP SYN control
segment to server

O specifies initial seq #
Step 2: server end system

receives SYN, replies with
SYNACK control segment
O ACKs received SYN
o allocates buffers
O specifies server->
receiver initial seq. #

Step 3: empepaiwon amd
client end system

3: Transport Layer 3b-13



Aiadikagia eykatdoraong diacuvdeong TCP

client state q H server state
LISTEN N LISTEN
AiaAéyer apxikéd
v Seq.#, X, \
SYNSENT oTéAvel TCP SYN SYNbit=1, Seq=x
msg T~ Awahtver apxiké Seq.#,y,

oTEAvVEI
_ _—" | TcP SYNACK msg, >YN RCVD
SYNbit=1, Seq=y emipepaivovrag 1o

ACKbit=1; ACKnum=x+1 | Ang6év SYN

To AngBév SYNACK(x)
uttodeIkvUEl OTI 0
server eival Cwvtavog. ACKbit=1, ACKnum=y+1
Z1éAver ACK yia To T~ To AngBev ACK(y) | !
AneBév SYNACK. umodeikvUer 611 a client ESTAB
(AuTé To segment pmopei eivar wvtaveg

va Trepléxel dedopéva

amo client oc server)

ESTAB

/\
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TCP Connection Management (teardown)

client server@
close

client closes socket: alll b/t .
clientSocket.close() ;

Step 1: client end system RS close
sends TCP FIN control %

Closing a connection:

segment to server

) . = ACK _bj
Step 2: server receives S it= 4
FIN, replies with ACK. 5
Closes connection, sends §
FIN. closed ™

3: Transport Layer 3b-15



TCP Connection Management (cont.)

Step 3: client receives FIN,

replies with ACK.

o Enters “timed wait” -
will respond with ACK
to received FINs

Step 4: server, receives
ACK. Connection closed.

Note: with small
modification, can handly
simultaneous FINs.

client server@

closmg
FIN blt\

b\\’ :
\‘/
SN

ACK _bit = 1

d wait

closed

0— time
I

close

3: Transport Layer 3b-16



TCP Connection Management (cont)

CLOSED client application
initiates a TCP connection

wait 30 seconds

/ send SYN
TIME_WAIT SYN_SENT
3
receive FIN receive SYN & ACK
send ACK send ACK
v
FIN_WAIT 2 ESTABLISHED TC P server
client application l lfecyc l e
cataR i initiates close connection
send nathing FIN_WAIT_1 send FIN CLOSED server application
receive ACK creates a listen socket
TCP client
lifecycle [
LAST_ACK LISTEN
A
receive SYN
send FIN send SYN & ACK
A 4
CLOSE_WAIT SYN_RCVD
receive ACK
ive FIN send nothing
receive
ot AT ESTABLISHED

3: Transport Layer 3b-17



Principles of Congestion Control

Congestion:

3 informally: "too many sources sending too much
data too fast for network to handle”

0 different from flow control!
O manifestations:
O lost packets (buffer overflow at routers)
0 long delays (queueing in router buffers)
3 a top-10 problem!

3: Transport Layer 3b-18



Causes/costs of congestion: scenario 1

7 two senders, two
receivers

3 ohe router,
infinite buffers

T no retransmission

C/2+4

A’ou’r

Host B

=

Host A

Tkn original data T Mot
N I
()

delay

g

router with

infinite buffers

3 large delays
when congested

O maximum
achievable

C/2

throughput
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Causes/costs of congestion: scenario 2

3 one router, finite buffers

7 sender retransmission of lost packet

Host B

?Lou’r

Host A
- Ay ofiginal data
. = original +
in
retrans.
& @

\ ‘/\'
N

router with

finite buffers
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Causes/costs of congestion: scenario 2

I always: kin: Kout (goodput)

7 “perfect” retransmission only when loss: k_n> Kout
i

7 retransmission of delayed (hot lost) packet makes A, larger

in
(than perfect case) for same A out

cio4 cr4 crd
- ciaT

)\“ou’r
7\’ouT |

C/2 5C .6C 5C

}\’in — 7\"Ilﬂ )\‘Iln 7\'Im

“costs” of congestion:
O more work (retrans) for given "goodput”

O unneeded retransmissions: link carries multiple copies of pkt
3: Transport Layer 3b-21



Causes/costs of congestion: scenario 3

3 four senders Q: what happens as A
O multihop paths and A’ increase ? n
A timeout/retransmit n

Host A josts

(/_\)
N

f_" é RO Host C

3: Transport Layer 3b-22



Causes/costs of congestion: scenario 3

osi 2 s
N\

C/2 E
5
O Host D ) R —
(—< ya R2 Host C
%M s (D -
A~ _

(VJIIIIIII —_—
k!
N

Another "cost” of congestion:

3 when packet dropped, any "upstream transmission
capacity used for that packet was wasted!

—

3: Transport Layer 3b-23



Approaches towards congestion control

Two broad approaches towards congestion control:

End-end congestion Network-assisted
control: congestion control:

3 no explicit feedback from O routers provide feedback
network to end systems

7 congestion inferred from O single bit indicating
end-system observed loss, congestion (SNA,
delay DECbit, TCP/IP ECN,

3 approach taken by TCP ATM)

O explicit rate sender
should send at

3: Transport Layer 3b-24



Case study: ATM ABR congestion control

ABR: available bit rate:

7 “elastic service"

O if sender's path
"underloaded":

O sender should use
available bandwidth

O if sender's path
congested:

O sender throttled to
minimum guaranteed
rate

RM (resource management)

O

O

cells:

sent by sender, interspersed
with data cells

bits in RM cell set by switches
("network-assisted"”)

o NI bit: no increase in rate
(mild congestion)

O CI bit: congestion
indication
RM cells returned to sender by
receiver, with bits intact

3: Transport Layer 3b-25



Case study: ATM ABR congestion control

I RM cells
source D data cells destination

Switch Switch

SO0 58—

3 two-byte ER (explicit rate) field in RM cell

O congested switch may lower ER value in cell
O sender’ send rate thus minimum supportable rate on path

J EFCI bit in data cells: set to 1 in congested switch

O if data cell preceding RM cell has EFCI set, sender sets CI
bit in returned RM cell

3: Transport Layer 3b-26



TCP Congestion Control

J end-end control (no network assistance)

O transmission rate limited by congestion window
Size, Congwin, over segments:

send_base nexfseqn um dlready Usable. rof
ack’'ed yet sent
T ey e

r Congw:Ln

7 w segments, each with MSS bytes sent in one RTT:

w > MSS
RTT

throughput =

Bytes/sec

3: Transport Layer 3b-27



TCP congestion control:

3 "probing” for usable
bandwidth:

O ideally: fransmit as fast
as possible (Congwin as
large as possible)
without loss

O increase Congwin until
loss (congestion)

O loss: decrease Congwin,
then begin probing
(increasing) again

3 two "phases”
O slow start
O congestion avoidance

3 important variables:
O Congwin
O threshold: defines
threshold between two
slow start phase,

congestion control
phase

3: Transport Layer 3b-28



TCP Slowstart

-Slowstart algorithm

Initialize: Congwin =1
for (each segment ACKed)
Congwin++
until (loss event OR
CongWin > threshold) four segments

0 exponential increase (per
RTT) in window size (nhot so

slowl!) ’riIne
3 loss event: timeout (Tahoe )
TCP) and/or or three

duplicate ACKs (Reno TCP)
3: Transport Layer 3b-29



UTOCTOAEDC TOPOLAT|TTTTG

TakeTo #1

TAKETD #2

TAKETo #3

\X ACK #1
makeETo #4

ACK#2

I'pfyopn eravopnetdooon

ACK #2
TAKETD #3

o AimAéTutta ACKs Racero #6
« Tpia dimAdTUTIA PEXP! \ ACK#2
81TGV(1U€T(16OOH ACK #2
O 2ZWPEVUTIKA emipepaiwaon
ap1Buovl pnvupdTwy emavayeTiBoon naxkron 43

+ Kai 6x1 evog povo
a ACK #6
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TCP Congestion Avoidance

— Congestion avoidance ——

/[* slowstart is over */ TCP Reno
[* Congwin > threshold */
Until (loss event) {
every w segments ACKed.:
Congwin++

}
threshold = Congwin/2 2

ssthresh

(in segments)

Congestion window

TCP Tahoe

ssthresh

CongWIn:1 OIIIIIII|IIIIII
perform SlOWStartl 0123456 78 910112131415

Transmission round

1. TCP Reno skips slowstart (fast

recovery) after three duplicate ACKs
3: Transport Layer 3b-31



TCP New Reno

. Otav BpiokdéuaoTte oe katdotaon slow-start, oe kGBe Awn véou ACK
BéToupe cwnd=cwnd+1 (oTTOTE TTPOKUTITEI DITTAACIACPOC TNG TIMAG Tou cwnd o€
KaBe RTT - Round Trip Time, TTOU agopd oTnV £TITUXN JETAS0ON OAOKANPOU TOU
TPEXOVTOC TTapabupou cwnd - yUpou PYeTddoaonc).

. Av cwnd = Threshold, petaBaivouhe oTnv kKardoTtaon congestion
avoidance, katd Tnv otroia o€ kKABe Arwn véou ACK, 1o cwnd augaveTtal Katda
1/cwnd (otrdte o€ kKGBe RTT 10 cwnd aufdveralr kara 1). H aug¢non auth Tou
cwnd d¢cixvel 0TI utropei To cwnd va gival (yia xpovo< RTT) un aképalog apiOudc.
. Av n karactacn Tou TCP Reno civar slow-start r congestion
avoidance kal oupuBei timeout (A4¢N xpovou avapovic ACK), uetapaivoupe o€
karaotaon slow-start, 8étovrag Threshold = cwnd/2 kai cwnd = 1.

. Av n karactaon ecivalr slow-start i congestion avoidance kal cuupei
Aqwn dirAdTuTTou (duplicate - TTavouoldTuttou) ACK TPEIC OUVEXOMEVEG POPEC,
Bewpolpue OTI €xdBn 1O segment, To OTToi0 Kal MEeTadIdoPE Cavd, BEtovrag
Threshold = cwnd/2 kai cwnd = Threshold+3. AkoAoUBwg¢, peTaBaivoupe o€
kardoTtaon fast retransmission / fast recovery, otnv otmoia av AGBOUME
dimmAotutto  ACK, 0O¢toupe cwnd=cwnd+1 kai peTadidoune segment av
EMTPETTETAI ATTO TO MEyeBoc ToU cwnd. (Av cwnd/2 Oev €ival akEpAIog,
OTpoyYyUuAoTTOIEiTAl, CUVNBWG TTPOC TA TTAVW).

. Eupliokduevol oe katdoTtaon fast recovery, av AdBouue véo ACK (6xi
OITTAOTUTIO), METABaivouue O€ KATAOTAON congestion avoidance O€tovrag
cwnd=Threshold, evw av cupfei timeout, petaBaivoupe otnv Karaotaon slow-
start, B€Ttovrag cwnd=1.




AIMD

TCP congestion
avoidance:

ad AIMD: additive
increase,
multiplicative
decrease

O increase window by 1
per RTT

O decrease window by
factor of 2 on loss
event

TCP Fairness

Fairness goal: if N TCP
sessions share same
bottleneck link, each
should get 1/N of link
capacity

TCP connection 1

bottleneck
router
capacity R

connection 2

3: Transport Layer 3b-33



Why is TCP fair?

Two competing sessions:
J Additive increase gives slope of 1, as throughout increases
O multiplicative decrease decreases throughput proportionally

equal bandwidth share

loss: decrease window by factor of 2
congestion avoidance: additive increase

loss: decrease window by factor of 2
congestion avoidance: additive increase

Connection 2 throughput

Connection 1 throughput R

3: Transport Layer 3b-34



TCP latency modeling

Q: How long does it take to Notation, assumptions:
receive an object froma o Assume one link between
Web server after sending  client and server of rate R

a request? 7 Assume: fixed congestion
3 TCP connection establishment window, W segments
7 data transfer delay 0 S: MSS (bits)

0 O: object size (bits)
3 no retransmissions (no loss,
ho corruption)

Two cases to consider:

79 WS/R>RTT + S/R: ACK for first segment in
window returns before window's worth of data
sent

O WS/R<RTT + S/R: wait for ACK after sending
window's worth of data sent 3: Transport Layer 3b-35




TCP latency Modeling

initiate TCF |

commection k]

recuest

chject — %

OR

at client

3
titre ¥

et
ey

e
S CE PR

¥

IRTT

SR

RTT

lstack
teturne

time
at serwer

Case 1. latency = 2RTT + O/R

Walh

initiate TCF

cotect on \:u. 1

request
ol ect

titne

at client ¥

—
i

—

T
.
e

RTT

SR
Walk

RTT

—#

lstack
returtis

titme
at server

Case 2: latency = 2RTT + O/R
+ (K-1)[S/R + RTT - WS/R]
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TCP Latency Modeling: Slow Start

O Now suppose window grows according to slow start.
3J Will show that the latency of one object of size O is:

Latency =2RTT + % + P[RTT + %} —(2° —1)%

where P is the number of times TCP stalls at server:

P=min{Q,K -1}
- where Q is the number of times the server would stall
if the object were of infinite size.

-and K is the number of windows that cover the object.

3: Transport Layer 3b-37



TCP Latency Modeling: Slow Start (cont.)

initiate TCP
connection

Example: .

request_’
O/S =15 segments object o
¢ first window
=S/R

K =4 windows

second window
=2S/R

Q=2

P=min{K-1,Q0} =2

A

third window
=4S/R

Server stalls P=2 times.

fourth window
=8S/R

\4

\ complete

transmission

object
delivered

time at
time at server
client
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TCP Latency Modeling: Slow Start (cont.)

% + RTT = time from whenserver starts tosend segment

until server receivesacknow ledgement

initiate TCP
connection

—_

2k_1 ; ) tl e to trans Itthe kth WindOW e
object ) .
¢ flrstzvg;lgow

RTT

{% +RTT -2* %} =stall time after thekth window '

second window
=2S/R

third window
=4S/R

fourth window
=8S/R

P
latency = O L oRTT+ D stallTime
R = :

p
_O LoRTT +Z[§+ RTT - 2" E]
R a R R

v
\ complete

object transmission

delivered

_ O ORTT4+PRTT+2]- (27 —1)>
R R R

time at server
client

3: Transport Layer 3b-39



Nopadewypua 1 TCP Tahoe - TCP Reno

270 dlAypaupa Tou TTapabupou PeTAdoong TToU PpaiveTal aTO OXAMA
TTOU OKOAOUBEI:

Q)

B)

[16oo1 ['Upol Metadoong trepiAappavel n ¢don "slow start”;
Kal 1To10 gival To Threshold;

[Molol I'upor Meradoong avrikouv otnv @acn "Congestion
Avoidance" tou TCP Tahoe;

Ti ouvéPRn peTa Tov 80 yUpo PETAdOONCG;

Av gixaue 10 TTPWTOKOAAO TCP New Reno, avrti tou TCP
Reno, 11 6a dAANale oTo dIAYPAUUQ;

[Toio €ivar 10 Throughput (SIEKTTEQAIWTIKN IKAVOTNTA) TNG
METAdooNG Tou TCP Tahoe kai Tou TCP Reno, péxp! Kai Tov
14 Topo Metddoong; YToBéoTe OTI KABe segment civair 10
bytes, ka1 011 1 ['Upog Metadoong = 1 sec, Timeout = 2 sec.



Nopadewyua 1 TCP Tahoe - TCP Reno (ouveyeia)

TCP Reno

ssthresh

Congestion window
(in segments)

TCP Tahoe

0 1+ 11> 11 1T 1 1T /1
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Transmission round



Anavinoeic Napadeiypatoc 1

H @don «slow start» repiAapavel Toug yupous 1 €wg 4,
otrou Threshold = ssthresh = 8, kaBwc¢ ka1 Toug yupoug 9 €wg 12,
otrou Threshold = ssthresh = 6.

21NV ¢aon "Congestion Avoidance" tou TCP Tahoe avikouv ol
YUpol HeETAd0ooNG atro 4 HEXP! 8, Kal aT1ro 12 péExpn 15.

MeTd TOV 80 YUpO HETAdOONG OuveERN ARWNn TPIWV_ OITTAOTUTTWY
TTAKETWYV, OTTOTE TO eV TCP Tahoe sioépyeral og gaon Slow Start,
10 O¢ TCP Reno, o€ @don fast retransmission — fast recovery.

Av gixaue 0 TTPWTOKOAAO TCP New Reno, avti Tou TCP Reno,
OTOV YyUpO MeTadoong 9, oto diaypapua, Ba cixaue congestion
window 9 (avTi 6).

TCP Tahoe: Méxpi kal Tov 14 N'opo Metaddooncg £xouv pueTadoBei 85
segments dnA. 850 bytes eviog 14 s, ommote Throughput = 60,7
bytes/s

TCP Reno: Méxpl kai Tov 14 'upo Metddoong £xouv petadoBei 108
segments onA. 1080 bytes evrog 14 s, ommote Throughput = 77,14
bytes/s




TTapadeiyua 2

>to oxnua daivetat n dtadoxn Twv
TCP pnvupdtwv petaév tou HOST A
Kot tou HOST B, apEowc HETA armo
NV gykataotaon plog cuvdeoncg TCP
(paon slow-start, omou 1O mMpwWTO
cwnd 6ev eivat povada), ywa TO
nPwTtokoAAo TCP New Reno. Ot
apBuot 0, 1, 2, kAm. otov afova
xpovou tou HOST A, Seixvouv tnv
TR tou mediou Sequence Number
TOU segment IOV OTEAVETOL TTPOC TOV
HOST B. KaBe dopa otéAvetal 1 byte,
yl' autdo kat o Sequence Number
avéavel kata 1 (xapv mapadeiypatog
1 MSS = 1 byte). 2tov daéova xpovou
tou HOST B, OeilyvetaL n TN TOU
nedlov Acknowledgement TOU
segment 1OV OTEAVEL WC ATAVTNON O

HOST B npoc tov HOST A.

HOST A

QA UNEWN=-=O

HOSTB

5&'@.

\

:
:
!

f\
\

|

!

\

1
1

\

t, 12

time .

JNUEWTEOV OTL dev deixveTal moubBeva oto oxnua ott cuvel

timeout kata tnv Anwn ACK.

Ack(l)

Ack(l)
Ack(l)
Ack(l)
Ack(1)
Ack(l)

Ack(l)
Ack(1)

Ack(9)
Ack(10)



g

[Tapaoderyua 2 (cvveyewn)
1 TToia gival n apxIKA TIUA Tou TapaBupou petddoong (cwnd);

2 Me pdon To didypauua Tou oXANATOC, TTold gival n TeAguTaia TIUA Tou
cwnd kai Tou Threshold;

3 TTéTe akpiPpwc n TiIPA Tou cwnd Ba yiver 8 kai ToTe 9; (Av n idia TIPA
8 N 9 TeB¢i aTo cwnd TEPI00OTEPO ATIO Hia YopEC, va evToTIoOEi
TOTE yiveTal auTo.)

4 TToia cival n TigA Tou cwnd Kai Tou Threshold Tic XpovIKEC oTIVHEC
t_1 (dnA. katd Tnv emavaueTddoon Tou segment pe Sequence
Number 1), ka1 t_2 (dnA. petd tnv Aqyn amé Tov HOST B segment
ue Acknowledgement Number 9);

5 TToTe To mpwTokoAAo TCP New Reno e€épxeTal amod Tnv apXIkn
katdotaon slow-start; Ze¢ moia katdoTaon sigépxeTtal ToTe; TToia
gival n TeAIKA KATAOTACN TOU TTPWTOKOAAOU Kal TIOTE €10EPXETAI
0’ auTh;



Avon 'Eleyyoc cou@opnonc ue to tpotoxkoriro TCP New Reno

J H apxikn tiun tou moapabupou petadoonc (cwnd) eival 7, adol PeETA amo entd HETAOOOELG
Eavapyxilel petadoon peta ano Anyn ACK.

Mol AaPet o mpdto ACK (Ack(1)) amd tov HOST B, o HOST A 6a. Baier To cwnd = 8. Mg
cwnd = 8 Ba kdvel 600 PETABOCELS aKOUN O™ OElYVEL TO GYNUa, LeTadidovTag Segments ue seq. #7
Kot Seq. #8. Axorovbwg mpénel va mepiuével ACK (yio ta segments #1, #2, #3, #4, #5, #6, #7, #8).
Aoppdver tpia ACK dimddtomo (Bdoel tov oynuotog) kot elcépyetanr otnv @dacn Fast Retransmit
(Emavapetadider to seq. #1), 0étovroc to Threshold = 8/2 = 4 ka1 to cwnd = Threshold + 3, dnA.
cwnd =7, vy va apyicel n pdon Fast Recovery. v ¢don Fast Recovery, o HOST A Bewpel 611 6o,
Baivouv kalmg kat kabe popd mov Oa Aapet ACK (dumhdtumo) awéavel to cwnd katd 1. 'Etotl uetd myv
emovoueTadoon tov seq. #1 uoag AdPet to Ack(l) to cwnd Oa yiver amd 7, cwnd = 8. Ev cuveygia
Aappaver ku addo Ack(1) omote cwnd = 9.

«  To mpwtoéxorro e&€pyetar amd v kataotacn Slow Start poig Aapet o tpito dumddtomo Ack
(OnA. t€tapto katd cepdv Ack(1)), ondte mepva otnv Fast Retransmit kou Fast Recovery. Byaivet amd
v Fast Recovery uoiic Aapet to tpoto pun dtmkotvmo ACK, dni. 1o Ack(9), omdte sicépyetarl otnv
katdotaon (eacn) Congestion Avoidance, n omoia €ivatl 1 TEAMKT KOTAGTAGCT TOL TPMOTOKOAAOL GTO
GYNua ovTo.

«  Katd v gravapetddoon tov Seq. #1, v ypovikn otryun t 1, £éyovue Threshold = 4 ka1 cwnd =
7 (TCP New Reno, Fast Retransmit). Tnv ypovikn otryun t_2, oni. 6tav to TCP New Reno e&épyetan
amo v katdotaon Fast Recovery, éxooue Threshold = 4 ka1 cwnd = Threshold = 4.

*  Xt0 téh0C TOV drypdupatog, o TCP New Reno Bpicketon otnv @don Congestion Avoidance
(amoLYNG cvuEoOpNoNG), omdte N TeAevtaia T tov Threshold sivar 4 (6nwg &xer e€nynbel otic
nponyovueveg epwtoelg). H televtaio tiun tov cwnd = 4,25 wov tibstan poiic o HOST A éhafe 1o
Ack(10). Inuewwtéov 6Tl omv @acn ¢ omoeuyng ovuedpnong (Congestion Avoidance) to
napdbvpo cvueopnong cwnd av&aver kortd 1/cwnd.



Chapter 3. Summary

3 principles behind
transport layer services:
O multiplexing/demultiplexing
O reliable data transfer
o flow control
O congestion control

O instantiation and
implementation in the Internet

o UDP
o TCP

Next:

3 leaving the network
“edge"” (application
transport layer)

3 into the network "core”
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