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m J0O—lfE (flow control)
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m $EEEHITH (congestion control)
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m Stop-and-Wait
m Go Back n
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ARQ (Adaptive Repeat reQuest)
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m End to end
JO—/NIVEEREIYHTIELEL
FRAMOFI AR sEFIE T HEE LA ENE
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m Scalable
RAMADATEENIZCEKAR IRV —S/ITD
RREEEHZVNELLAGLV=6H., KYXRRELGERMNA[EE

s Autonomous — Less state management — Scalable
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Questions?
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TCPIZE +570O—Hl{H

m FI| gz 3R 2
Sliding window

B N\ TYNBS TG —TVREBE ST
Window size

m /\yE H Rl bR 5 2
ACK clocking

n TN
YR — TCP checksum
/Ny R E — duplicate ACK, timeout
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Ny & RkROERE (ACK clocking)

m namlZ&BTE

m ACK clocking T E
m Duplicate ACK OTE
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Sliding window
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Sender > =D

\ 4 \ 4

Nara Institute of Science and Tedhnology« User data arrives

g WINJOW Size b’ Sequence number

I
;10 I

16 . Packets in flight

Receiver

<«—]Nara Insti

12



"

Questions?

Copyright(C)2012 Youki Kadobayashi. All rights reserved.

13



" SEmm——
TCP [ZH 1 D ERER i

m Fair-share model: &g D 2 FE 7B
End to end

m window size D&
additive increase

multiplicative decrease

HEZRENTHAHZENMLNTLVS (R. Jain, et al., “Analysis of
the increase and decrease algorithms for congestion avoidance
in computer networks”, 1989)

m window size EMEEE DIV EZ
n N\TYNERETERENEST-ZETHS
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Fair-share:

m namlZ&BTE
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Window size DIEASLA

m slow start threshold (ssthresh) £t % &L Tcongestion
window (cwnd) DIEPOLAEZEZ S

(FZILTVXLDBE)

m On receiving an ACK:
if (cwnd < ssthresh) {
[* slow start: exponential increase */
cwnd += 1;
} else {
/* congestion avoidance: additive increase */
cwnd += 1/ cwnd;
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Window size DIEASLA

m Slow start® Fs
exponential increase
m Congestion avoidance D i
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Source: TCP/IP lllustrated, Vol.1
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additive increase o b

12
card 10
m (lllustrated p. 311) "
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romwd-trip timea
m )] V. Jacobson, “Congestion Avoidance and Control~,

SIGCOMM’88.
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m (7ILO)XLDEEE)

m On detecting packet drop:

S : TCP/IP lllustrated, Vol.1
ssthresh = cwnd / 2; oA POTEEE P

if (timeout) {

cwnd = 1;

} = 3

m (lllustrated p. 315) NS :
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Packet drop

m 2DMNDAETEE:
Duplicate ACK
Retransmission Time Out (RTO)

B AL LT OMMIEDISICHITFITNILELIVMN?
— RTO ~ RTT Estimator
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RTO Calculation .

Source: TCP/IP lllustrated, Vol.1

mEr=M-A ar/ETO

A <- A+ gErr —
D <- D + h(|Err| - D) § —
RTO=A+4D

A: smoothed RTT °o""l'”'ll,"”;'s"”;n"";"”Ju""s's
D: smoothed mean deviation
g: gain for the average (1/8)
h: gain for the deviation (1/4)
m (lllustrated p. 304)
m (lllustrated p. 3095)
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RTO calculation

Source: A Quick Tour Around TCP,
http://web.eecs.utk.edu/~dunigan/tcptour/

Copyright(C)2012 Youki Kadobayashi. All rights reserved.
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Loss sensitivity

m namlZ&BTE

m [imeout
m Congestion avoidance
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More topics on TCP

Fast retransmit

Fast recovery (RFC3782)

Selective Acknowledgment (SACK) (RFC3517)
TCP Friendly Rate Control (TFRC) (RFC3448)
Explicit Congestion Notification (ECN) (RFC3168)
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TCP enhancements

n HANGEEZEDEVHITFE
Reno
NewReno
SACK

n PLERICIE2FEE H D
» REDEHTRELGMERZHET S 1K57% TCPHE
— T{SARIXHOEREF TS HEBRLTKL
o MBLEWEETENGYDHEREZR LS 21K TCPHE
— IETF TR #ELZ1RE

n AUAHBEOIEAMNEBRICHSAIED
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Stop-and-Wait
Go back n

m TCPIZH T4 —l1EH
Sliding window

m TCPIZH I+ 5 RS 1
Slow start
Congestion avoidance
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