(congestion control mechanism) TCP

TCP (link layer retransmission)

(Snoop protocol)

21

(router)

21

“knee”
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el * (congestion collapse)

(power)

[8]

2.2 2.3

"knee"

“knee"

"knee"

"knee”

Knee Cliff

Throughput

\J

Load

2 ()



Power

\ |

Load

2.2
Round-
trip
time
| Load g
2.3
2.2 TCP
TCP
(acknowledgement packet)
9 Additive
increase/Multiplicative decrease (AIMD) (state variable)

(advertising window)

TCP
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2.2.1 Additive increase / Multiplicative decrease (AIMD)

Additive increase/Multiplicative decrease

(time
out)
(
)
multiplicative decrease
multiplication decrease
1
16
8
4, 2 1
1 maximum segment size (MSS)
additive increase
1
21 2.2
A A
Increment =mms * "1 (2.1)
cwnd
cwnd+ = Increment (2.2)

24 additive increase/multiplicative decrease
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additive increase/ multiplicative decrease

40
30

©
§ 20
o
10
RTT
g 2.4 gﬂuuunmﬁu"’;uua:ﬂmm’tunwm‘ﬁazgaﬁw AIMD
222 (slow start)
Additive increase/Multiplicative  decrease
1 1
exponential 25
1
2
1
48 16 2 RTT
2 RTT

(slow start
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threshold)
additive increase

34
32
30
28
2
2
22

2

S
16
14

12
10 8 8

N & O

RTT

2.5

additive increase
2.6

TCP

RTT



2.2.3

multiplicative decrease

2.6

RTT
(fast retransmit and fast recovery)

(fast retransmit)

(sequence number)




64

(duplicate acknowledgment)

2.1

12

20

TCP

(fast recovery)
3

17



additive increase

;QJ@UE limmEm

Host A Host B

1* DUP ACK

2" DUP ACK
3 DUP ACK

e
] Q
E E i
[ =
\ 4
<l o - H ' o
sU% 2.7 nusdawininassmatiansdeitecngnga
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2.3 TCP

TCP
TCP

Tahoe TCP Reno TCP  SACK TCP

2.3.1 Tahoe TCP

Tahoe TCP Jacobson .. 1988
(sliding  window)
additive increase/multiplicative decrease
TCP

2.8 Tahoe TCP
Tahoe TCP

A Additive increase
64t Slow start

Time out

Packet Drop

Fast retransmit

{
Frofrns . prtrterk er e

RTT

517 2.8 pluuunisdedieyadan Tahoe TCP



2.3.2 Reno TCP

Reno TCP Tahoe TCP
|
Tahoe TCP
' 2.9
Reno TCP
Reno TCP
1
Reno TCP
1 Tahoe TCP
A Additive increase
64T Slow start Congestio
561 4 Jime out
48T
40+
s 321
241 Fast retransmit
16{ and Fast recovery
CHF Y HHHHHHH HH + HHHHHHHH RT’

1% 2.9 pluuunisdedayadae Reno TCP



2.3.3 SACK TCP (Selective ACKnowledgment TCP)

SACK TCP (selective acknowledgement TCP)
1

Tahoe TCP Reno TCP

cumulative
(left edge of the receive window)
1 1
SACK
TCP
1 SACK permitted 4 2
SACK 5
2.33.1 SACK permitted
Sack permitted (SYN)
SACK
SACK
(SYN packet)
0 4 8 16
Kind = 4 Length =2
2.10 SACK permitted
2.3.3.2 SACK
SACK

(left edge of block) (right edge of block)



4 unsigned integer (

(left edge of block - 1)
1

LILO: Last  Last Out)
9 4 8 16 24 3

Kind =5 Length *

Left Edge of 1% block

Right Edge of 13! block

o2 2 L) == BN\ oo

Left Edge of n' block

Right Edge of n'" block

*Length = variable
2.11 SACK

SACK

oS00 8 11
500



5 7000
2 1
1 5000 SACK
21 SACK
1
Triggering ACK First Block
Segment Left Edge Right
(Sequence No.) Edge
5000 (11) Lost
5500 (12) 5000 5500 6000
6000 (13) 5000 5500 6500
6500 (14) 5000 5500 7000
7000 (15) 5000 5500 7500
7500 (16) 5000 5500 8000
8000 (17) 5000 5500 8500
8500 (18) 5000 5500 8500
/\n
3 121416 18
12
13 SACK 2.2
2 U

14

SACK

2.1

23
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2.2

Triggering Segment
(Sequence No.)

5000(11)
5500(12)
6000(3)
6500(14)
7000(L5)
7500(L6)
8000(17)
8500(18)

2.3

Triggering Segment

; (Sequeece No.)

6500(14)

12

2.3
SACK
121416 18
ACK First Block 2nd Block
Left  Right  Left  Right
Edge  Edge  Edge  Edge
5500
(Lost)
5500 6000 6500
(Lost)
5500 ~ 7000 7500 6000 6500
(Lost)
5500 8000 8500 7000 7500
(Lost)
SACK
12
ACK  First Block 2nd Block
Left  Right  Left  Right
Edge Edge  Edge  Edge
5500 8000 8500 6000 7500

12

24

SACK

2

3rd Block

Left  Right

Edge  Edge

6000 6500

14

3rd Block

Left  Right

Edge  Edge
14



SACK 24

2. 4 SACK
14
Triggering Segment  ACK First Block 2nd Block
(Sequence No.) Left ~ Right  Left  Right

Edge  Edge Edge  Edge
5500(12) 7500 8000 8500

SACK TCP
2.4 (fairness measure)
TCP
24.1 Jain (Jain’s fairness)

Jain’s fairness Raj Jain ' "

12
3rd Block
Left  Right
Edge  Edge

2



Xt X2,...,.Xn « bits second

24.2 (Max-min fairness)

2.5 (Snoop protocol)

tcp-aware link layer

TCP

(locally last hop round trip time)

26



25.1

(Snoop Data)

time stair?

27
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2.5.2

(Snoop ACK)

time stamp

31

29
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3.2

3.3

3.2

30
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