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HTTP, RTSP, FTP, Telnet, ...

“— RTP:
TCP:
UDP:
IP:
ICMP:
IGMP: (mbone)

, PPP, X.25, ATM, ...
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(ACK)
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V .Jacobson: “Congestion Avoidance and Control,” SIGCOM’ 88.



() 1 (5 )

/
N
/
N

\ A 4

D.Bertsekas and R.Gallager: “Data Networks,” Prentice Hall.
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TCP Tahoe +

TCP Reno Tahoe +

TCP Vegas RTT (round trip delay)

TCP SACK Reno + (selective repeat)
slow start

congestion avoidance
fast retransmission

fast recovery

TCP Reno
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TCP Tahoe (1)

cwnd: (congestion window: 1)
ssthresh: ( )
tcprecvthresh: ACK ( 3)

( )

if (cwnd < ssthresh )

--- ACK 2
cwnd += 1;
| ) /
else if ( cwnd >= ssthresh )
--- ACK 1 cwnd 1

cwnd += 1/cwnd:

V. Jacobson: “Congestion Avoidance and Control,” SIGCOM'’ 88.



TCP Tahoe (2)

(1) ACK (TCP ACK )
(2) (ACK )
( )
ACK ( )
if ( ACK  ==tcprecvthresh)

ssthresh = cwnd/2;: cwnd = 1; <::

(ssthresh > cwnd)

( )
If ( )
timeout *= 2; <::
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NS (Network Simulator)



TCP Reno (1)

e Tahoe
cwnd ( cwnd )
if ( ACK  ==tcprecvthresh)
- ( ) ---

ssthresh = cwnd/2;

cwnd = cwnd/2 + tcprecvthresh;: <;
/ P o\ (ssthresh < cwnd)

ACK (ACK )

if ( ACK >cwnd/2)
ACK —--

cwnd = ssthresh; <::

( cwnd
cwnd
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NS (Network Simulator)



TCP Vegas (1)

e Reno

(RTT)

cwnd cwnd
RTT _min RTT _current j:

/ \

Diff =

( )

ownd +1 (Diff <o)

cwnd ={cwnd  (otherwise) <::|

cwnd —1 (Diff > B)

( RTT) cwnd

(RTT)
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NS (Network Simulator)
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UDP

User Datagram Protocol
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4 byte

UDP
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TCP ( )

uopP) <> (TCP)
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(NACK FEC)
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