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TCP Responsibilitiesin
Congestion Control

QA TCP sources see two types of |oss
Indications:

—Triple duplicate ACKs (TD)
—Time-outs (T O)
QA TD event cuts cwnd by half.
QA TO event setscwnd to 1.

aWith smaller window sizes, the source must

“stop and wait” frequently and thus reduce
traffic rate.
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Assumptions/Simplifications

QThe time needed to send all packetsin a
window is smaller than the round trip time.

AQWhen a packet loss to the k-th packet in a
round, the rest of the packetsin that round
arelost too.

—Thisislargely dueto the FIFO queueing
of routers.

A These behaviors are generally, but not
always, observed in the real world.

CS 756

Analysis of TD-Only Scenarios
QTD Period (TDP): a period between two
triple-duplicates indications.
QA : theduration of thei-th TD period, TDP,
QY : the no. of packets sentin TDP,
QW : the window size (cwnd) at the end of
TDP,
Qb : the no. of packets ack-ed per ACK.
—In many TCP implementations, b=2.
QOur godl: throughput B = E[Y] / E[A]
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Evolution of Window Size
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QA TD period startsimmediately after aTD
loss indication and thus cwnd isW,_,/2.

Q At each round, the window isincremented
by 1/b and the no. of packets sent per round
Isincremented by 1 every b rounds.

QLet a; bethefirst packet lost in TDP, and X
the round where this loss occurs.

QAfter packet a;, W, — 1 more packets are
sent.
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QWehave Y, =a; +W -1
QAnNd thus E[Y] = E[a] + E]W] -1
QLet p be the probability of packet loss.

Pla=kl=(-p)"p = Ela]=—

alt follows that

E[Y] = 1‘p'° + E[W]

A Next, we must figure out E[W] and E[A].




Qr;; : theduration (round trip time) of the j-th
round in TDP..
X; +l

QTheduration of TDP, is A = Z 0

QWe consider r;; be arandom variable
independent of the size of congestion
window, and thus independent of i and j.

Qlt followsthat E[ A] = (E[ X]+1)RTT where
RTT=E[r] isthe average round trip time.
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QDuring TDP, , the window size increases
between W._,/2 and W, linearly with slope
1/b, that is,

— - Xi — 2
W= 5 + 5 = E[\N]—bE[X]

QO The fact that Y; packets are transmitted in

TDP, is expressed by

X;/b-1

Y= 3, (kA

XW—1+ |( | 1)+ﬁ

:;(‘%wv—l)w.
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Average Window Size

AThus 1‘pp +EW] = _E[Zx] (_E[;’V] +E[W]-1)+E[4]

QAssuming S be uniformly distributed 1 and
W, and thus E[ £ ]=E[W]/2, we have

=220 (B0 (220

3b 3bp 3b

QFor small values of p,

~ |8
EIW1= 3bp
Average TCP Throughput

Qalt follows that
£Ix] = 2+b+\/2b(l— 0) +[2+b)

6 3p 6

RN = NED)

B(p) = £ - S 3p E
A EA 2+b+\/2b(1— p)+[2+bj2 1
6 3p 6
Q For small p, 1 3
B(P)= 5.5
RTT \ 2bp
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Discussion

A TCP favors flows with short RTT.
—Find a server near you for downloading

QThe relationship between packet lossrate p
and throughput is not linear.

—When p isincreased 4 times, throughput
dropsto half.

QLarge b valuesis bad for throughpuit.
— Hence b=2 in common implementations
—Why not b=1?
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Taking Timeoutsinto Account

QTimeout (TO): thetimer of amissing ACK
fires before three duplicate ACKs are
received.

QTheinitial TO period isdenoted as T,

QAfter aTO, cwnd isreduced to 1, allowing

for the retransmission only for the lost packet.

QIf theretransmission fails (another TO), the
TO period is set to 2T,

alf the retransmission fails a second time, the
TO period is set to 4T,

Q The maximum TO period is 64 T,,.
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Evolution of Window Size
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Notations
0 Z'®: the duration of a sequence of TO.

Q ZiTD: the time interval between two consecutive
TO seguences.

0 Define § =2 +2™

0 M;: the no. of packets sent during S.

Q n;: the no. of TD periodsin interval Z™

D Y;;: the no. of packets sent in thej-th TDPin Z™
Q Ay: the duration of TDP;

O X;;: the no. of roundsin TDP;

0 W;: the window size at the end of TDP;

0 R: the no. of packets sentin Z™
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QNotice that the “ packet counts” (Y;, M; and
R) includes retransmissions and our results
are for throughput, not goodput. We have

M =Y, +R = EIM]=E _nZ'Yu}E[R]

Sz_nzip}j"'zim = E[S]zE_nzlAj}*'E[ZTO]

Q Assuming that n; is an independent sequence of
random variable and independent of Yj; and Ay
N
£ 2,
j=1

J:

}:E[n]xE[Y] and Er Aj}:E[n]XE[A]

i
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QLet Q be the probability that a TDP ends
withaTO. We have Q=1/E[n].

QA The throughput can be expressed as
_ HY]+QxE[R]

E[A]+QxE[Z™]

QSinceY; and A; do not depend on TO, we
can use previous results of E[Y] and E[A] .

AQWe still need to figure out Q, E[R], and
E[Z7].
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QIn the penultimate round, packet k+1 is|ost.

QA The probability that the first k packets are
ACKed in around of w packets, given there
iIsone or morelossesintheround is

1-p)p
K) =
AR = by

QA The probability that n packets are sent and m
of them are acknowledged in the last round is

(1-p)"p, m<n

C(n,m):{ (1_ p)n’ en
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QInthelast round, the probability alossin a
window of sizew causes TO is given by

Q'(w) ' =
W) = 2 w 2
S AWK+ D AWK Clkm) w3

< 3 packets l But < 3last
successfully sent > 3 packets _ round packets
inthe penultimate ~ successfully sentin - oot 10 cause
round, andthus<  the penultimate duplicate ACKs.
3 sent inthe last roungl, alowing = 3 No way to
round. Nowayto  sentinthelast produce 3
produce 3 round duplicate ACKs
duplicate ACKs
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Solving Q

QAfter some fun with algebra, we have

o — 2 (-1 p)°)A+ Q- p)’A-@A1-p)"?)
Q'(w) = mm(], A== p)" ]

QQ, the probability a TO occurs at the end of
aTDPisQ (E[W]), where E[W] has been
solved previoudly.
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Solving E[R]

QNext, wefind E[R], the average no. of
packets sent during an Z'°.

QIn aZ™ there are k-1 consecutive losses
followed by a successful transmission, that is,

P[R=K] = p*(1- p)
aThus E[R]=———
1-p
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Solving E[ZT9]

QThefirst six TO havelength 27'T,, i=1...6
Q Following TO have length 64T,
O The duration of a sequence of k TO is

] :{ (2 -DT, k<6
“ 1(63+64(k-6))T, k>6
Q Thus,
E[Z™] = i L P[R=K]

k=1

=T, 1+ p+2p° +4p°+8p* +16p° +32p°
1-p
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Solving B(p)

E[Y]+QXxE[R]
E[A]+QxE[Z"]

- +E[\N]+Q(E[\N])*
" RTT(E[X] +1)+Q(E[W])E[ZTO]

R'I‘I',/ +T mln(13\/7Jp(l+32p )
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B(p) =

12



