wa"“tmh

20 TCP

20.1
15 TFTP
TCP
TCP PUSH
TCP
20.2
svr4 8192 bsdi bsdi sock
bsdi %sock -i -s 7777
-i -s sink ”
7777
svr4 %sock -i -n8 bsdi 7777
8 1024 20-1
3 MSS
3 4~6 7
2048 3073
7 ACK 2048 3073
P 4 5 6
IP IP TCP TCP
TCP 5 TCP
2048 ACK 7
TCP 6
9 3073 ACK
8 3072 TCP 1024
11~16 “ " 11 12 13
1P 11
12 ACK 14
13 15



Chinas

hupecom

TCP/IP 1
svrd.1056 bsdi.7777
00 1 SYN 1305814529:1305814529(0)
win 4096, <mss 1024> >
SYN 1367249409:1367249409(0) 2
0.002185 (0.0022) 7305814530, win 4096, <mss 1024>
0.007295 (0.0051) 3 ack 1, win 4096
0017868 (0.0106) PSH _1:1025(1024) ack 1, win 4096
0022699 (0.0048) PSH_1025:2049(1024) ack 1, win 4096
0027650 (0.0050) PSH_2049:3073(1024) ack 1, win 4096 g
ack 2049, win 4096 7
0027799 (0.0001) il ack 3073, win 3072 8
0.031881 (0.0041) - |
0.034789 (0.0029) 9 PSH 3073:4097(1024) ack 1, win 4096 |
ack 4097, win 4096 10
0,039276 (0.0045) la—
0.044618 (0.0053) 1 PSH 4097:5121(1024) ack 1, win 4096
0.050326 (0.0057) 1 PSH 5121:6145(1024) ack 1, win 4096 i
0.055286 (0.0050) 13 PSH 6145:7169(1024) ack 1, win 4096
ack 6145, win 4096 14
0.055441 (0.0002) - ——————————— |
0061742 (0.0063) 15 PSH_7169:8193(1024) ack 1, win 4096
ack 8193, win 4096 16
0066206 (0.0045) -« |
0.066850 (0.0006) 17 FIN 8193:8193(0) ack 1, win 4096
ack 8194, win 4096 18
0068216 (0.0014) il FIN 1:1(0) ack 8194, win 4096 19
0.069358 (0.0011)
0.075414 (0.0061) 20 ack 2, win 4096 |
20-1 svr4 8192 bsdi
7 14 16 ACK TCP
TCP ACK —_—
1 2048
1024
t cpdunp TCP
TCP TCP
TCP
20-2
20-1
3073 ACK
4097 ACK 4 ACK 7 10 12 15 2048
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20 TCP
1024 1024 ACK 17 FIN ACK
17 20-1 16 18
svr4.1057 bsdi.8888
00 1 SYN 1332182529:1332182529(0)
win 4096, <mss 1024>
SYN 1394129409:1394129409(0) 2
0.002159 (0.0022) a— <ck 1332182530, win 4096, <mss 1024>
0.007097 (0.0049) 3 ack 1, win 4096
/ /

0.017558 (0.0105) 4 PSH 1:1025(1024) ack 1, win 4096 |
0.022519 (0.0050) 5 PSH 1025:2049(1024) ack 1, win 4096 _
0.027456 (0.0049) 6 PSH 2049:3073(1024) ack 1, win 4096 -

ack 2049, win 4096 7
0.027595 (0.0001) la—
0.035231 (0.0076) g PSH_3073:4097(1024) ack 1, win 4096 -~
0.040258 (0.0050) 9 PSH _4097:5121(1024) ack 1, win 4096 =

ack 4097, win 4096 10
0,040402 (0.0001) —
0.046791 (0.0064) 1 PSH_5121:6145(1024) ack 1, win 4096 |

ack 5121, win 4096 12
0.046930 (0.0001) - |
0.055466 (0.0085) 13 PSH _6145:7169(1024) ack 1, win 4096 -
0.060522 (0.0051) 14 PSH _7169:8193(1024) ack 1, win 4096 -~

ack 7169, win 4096 15
0.060662 (0.0001) - |
0.066479 (0.0058) 16 FIN 8193:8193(0) ack 1, win 4096

ack 8194, win 4096 17
0067878 (0.0014) FIN 1:1(0) ack 8194, win 4096 18
0.068994 (0.0011) e |
0.087556 (0.0186) 19 ack 2, win 4096

20-2 svr4  bsdi 8192
20-3 Sparc
80386
4 back-to-back
ACK ACK 8
TCP
ACK 17.4 ms 4096
ACK
4 10~13 13
PUSH FIN ACK 4096
4097 8192 FIN 8192
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TCP/IP 1
sun.1181 bsdi.discard
SYN 690560000:690560000(0)
0.0 1 - -
win 4096, <mss 1460>
SYN 2566353409:2566353409(0) 2
0.002238 (0.0022) ack 690560001, win 4096, <mss 1024>
0.003020 (0.0008) 3 ack 1, win 4096 |
/
0006806 (0.0038) 4 PSH 1:1025(1024) ack 1, win 4096
0.008838 (0.0020) 5 PSH_1025:2049(1024) ack 1, win 4096
0010490 (0.0017) 6 PSH 2049:3073(1024) ack 1, win 4096
0.012057 (0.0016) 7 PSH _3073:4097(1024) ack 1, win 4096 |
‘_____’__a_diﬂl__—f“’i“o/ 8
0.038562 (0.0265) o 4097, win 4096 .
0.055994 (0.0174) |
0.057815 (0.0018) 10 4097:5121(1024) ack 1, win 4096
0.059777 (0.0020) 1 5121:6145(1024) ack 1, win 4096 -
0.061439 (0.0017) 12 6145:7169(1024) ack 1, win 4096 |
0.062992 (0.0016) 13 FIN,PSH 7169:8193(1024) ack 1, win 4096 |
ack 8194, win 0 14
0.071915 (0.0089) s 8194, win 4096 5
0.074313 (0.0024) T 11(0) ack 8194, win 4096 I
0.075746 (0.0014) -—————— |
0.076439 (0.0007) 17 ack 2, win 4096
20-3 8192
20.3
20-4
-
T
1 2 4 5 6 | 7 8 9 10 1 .
1
ASAP
20-4 TCP
1 11
window 9 3

17

offered
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20 TCP
1
2)
TCP
3) Host Requirements RFC
TCP 22.3
20-5
ACK ACK 20-5
20-6 20-1
"1 1024 (1025 2048|2049 3072|3073 4096 (4097 5120}5121 6144|6145 7168|7169 8192
r-—~--TTTToTT TS TS T TSI T TS A
| : |
G =
L. 45,6 |
[ ol
7 | ~
- - ——— = - - 7 |
L e e e e e e e e e = e — J
8 [ 1
- - — — P 8 [
g G g g -
e
1'0' [ "
-~ == 10 I
b o o e — J
L 11,12,13 N
>
- - 14
L e e~
15
16
- - - ————— e
206 20-1
1)

2)
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TCP/IP
3) 7 8
4) ACK
ACK
20.4
TCP
4.2BSD 2048 4.3BSD
4096 Sun0S 4.1.3
BSD/386 SVR4 4096 Solaris2.2 4.4BSD
AIX3.2 8192 16384
API
[Mogul 1993]
4096
16384 40% [Papadopoulos
Parulkar 1993]
20.7
sock
bsdi %sock -i -s -R6144 5555
6144 -R sun
8192
sun %sock -i -nl -w8192 bsdi 5555
20-7
2 6144
6 4~9 10 1
6144 2048 2048
11 12 FIN
13 10 14
2048 FIN 15 16

17 18
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0.0

0.002282 (0.0023)
0.003067 (0.0008)

0.022170 (0.0191)
0.024136 (0.0020)
0.026084 (0.0019)
0.027711 (0.0016)

'0.029334 (0.0016)
0.030910 (0.0016)

0.044570 (0.0137)
0.046510 (0.0019)
0.048234 (0.0017)

0.050074 (0.0018)
0.054250 (0.0042)
0.056215 (0.0020)
0.058233 (0.0020)
0.059518 (0.0013)
0.060167 (0.0006)

20-7

20.5 PUSH

TCP

TCP
TCP

PUSH

19.1
TCP

API

PUSH

20 TCP
sun.1126 bsdi.5555
. SYN 1227520000:1227520000(0)
win 4096, <mss 14605 >
SYN 2363371521:2363371521(0) 2
-— ack 1227520001, win 6144, <mss 1024>
3 ack 1, win 4096
7 /
. 1:1025(1024) ack 1, win 4096 '
- 1025:2049(1024) ack 1, win 4096
6 2049:3073(1024) ack 1, win 4096
; PSH_3073:4097(1024) ack 1, win 4096
8 4097:5121(1024) ack 1, win 4096
9 5121:6145(1024) ack 1, win 4096
ack 6145, win 2048 10
1 6145:7169(1024) ack 1, win 4096
1 FIN,PSH 7169:8193(1024) ack 1, win 4096
ack 6145, win 4096 13
ack 8194, win 2048 14
ack 8194, win 4096 15
ack 8194, win 6144 16
FIN 1:1(0) ack 8194, win 6144 17
18 ack 2, win 4096
6144
PUSH
PUSH
TCP PUSH
PUSH
12 PUSH
PUSH Tcp
TCP
TCP PUSH
TCP
PUSH

PUSH
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TCP/IP 1
PUSH
TCP
API TCP PUSH
PUSH
PUSH
20-1 8 4~6 9 11~-13 15 PUSH 1
8 1024
20-7 12 PUSH 1
7 PUSH
8192 4096
20-7 14 15 16 20-3
ACK 0
0 ACK 20-7
0 2048 ACK(
15 16) 15 16
FIN TCP
2048 MSS 1024 50%
2048 4096 22.3
PUSH 20-3 4 4~7
TCP IP TCP
4096 TCP 4096
9 TCP 4
13 PUSH
20.6
[Jacobson 1988]
TCP
TCP “ (slow start)”
TCP (congestion window) cwnd



Chinaspubecom

20 TCP
TCP 1
ACK cwnd
ACK ACK 1
ACK 4
TCP
20-8 sun vangogh. cs. ber kel ey. edu
SLIP TCP
sun.1118 vangogh.discard
0.0 comd=1 1 1:513(512) ack 1, win 4096
ack 513, win 8192 2
0716330 (0.7163)  cwnd =2 e |
0.716967 (0.0006) 3 513:1025(512) ack 1, win 4096
0717640 (0.0007) 4 1025:1537(512) ack 1, win 4096
ack 1025, win 8192 5
1466086 (0.7484)  cwnd =3 e |
1466778 (0.0007) 6 1537:2049(512) ack 1, win 4096
1467475 (0.0006) . 2049:2561(512) ack 1, win 4096
ack 1537, win 8192 8
1946065 (04786)  cwnd =4 e |
1.946709 (0.0006) 0 2561:3073(512) ack 1, win 4096
1.947350 (0.0006) 10 3073:3585(512) ack 1, win 4096
*/ﬂw—‘ 1
2576084 (0.6287)  cwnd =5 ok 2561, win 8192 o
2576294 (00002)  cwmd=6 e —————— |
2.576841 (0.0005) 13 FIN,PSH._3585:4097(512) ack 1, win 4096
ack 3073, win 8192 14
2.906014 (0.3292) ./W i
3.085978 (0.1800) ‘_——W 16
3.326275 (0.2403) FIN 1:1(0) ack 4098, win 8192 17
3.356106 (0.0298) e |
3.356543 (0.0004) 18 ack 2, win 4096
20-8
512 ACK ACK 716 ms
2
5 ACK 3 3
ACK 2

21.6
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TCP/IP 1
20.7
TCP
20-9 TCP
16
1, 2,3
ACK ACK
time 0: 1 i time8: 2
N — —
time 1: 1 time9: 3 2
— N —
time 2: 1 time 10: 3 2
time 3: 1 time 11: 3 2
— —
time 4: time 12: 3
-
- -
ack1 ack2
time 5: time 13:
-—
ack1 ack2 ack3
time 6: time 14:
time 7: time 15:
- E -
ack 1 ack2 ack3
20-9 0~15
0 1
1,2 3 4
5 6 7 ACK 8
RTT Round-Trip Time
ACK IP

TCP ACK
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20 TCP
7.2
24-6
ACK 8 9 2 3
2 12 13 ACK
ACK TCP (self-clocking)
ACK ACK
ACK
20-10 16 2 ACK 2
4 16~19 1 ACK 23 4 ACK
4 8 24~31 8
time 16: 4 . time24: 8
— —
- -
ack 3 ack5 acké ack?
time17: 5 4 time 25: 9 8
—- —
-—
ack6 ack?7
time 18: 6 5 4 ‘ time 26: 10 9 8
— —
-
ack7
time19: 7 6 5 4 time27: 11 10 9 8
-~ I— - -~ I—
time 20: 7 6 5 time 28: 12 1 10 9
— — —
- -
ack 4
time 21: 7 6 time 29: 13 12 1 10
—- — —
- -
ack4 ack5 ack8 ack9
time 22: 7 time 30: 14 13 12 1
— — —
‘ - -—
ack4 ack5 acké ack8 ack9 ack10
time 23: time 31: 15 14 13 12
— —
- - - -
ack4 ack5 ack6 ack?7 ack8 ack9 ack10 ack1l
20-10 16~31
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TCP/IP 1

31 (pipe)

ACK

20.7.1

capacity (bit) = bandwidth (b/s) x round-trip time (s)

RTT
RTT 60 ms T1 1544 000 b/s 11 580
20.4 T3
45 000 000 b/s 337 500 TCP
65535 24.4 TCP TCP
T1 1 544 000 b/s 193 hit 1
1 536 000 b/s T3 44 736 000 b/s
44 210 000 b/s 1544 Mb/s 45 Mbls
20-11
RTT
20-11 RTT 8
4
20-12
p—— Bt ——» |«—— &t —
ENENRNEN NN EREN
[1TaTsTeJs]sfr]e]
12|34
— RTT —————
20-11 RTT 20-12

20-12

20.7.2
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20 TCP

20-13

9~20 ACK

201918171615 10 9
14 13 12 11

- ~ - - -

- MR R4 [] -
ack3 ack4 ack5 acké
ackl ack2 ack? ack8
20-13
Rl " ”
R1 RS3
R2 R4 R2
20-13
1~20 20 ACK
20
21.6
20.8
TCP “ (urgent mode)”
TCP 17-2
URG 1 16bit
TCP
TCP Host Requirements

RFC
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Chinapu

Host Requirements RFC

TCP
TCP TCP
TCP URG
TCP (out-of-band data)
TCP
TCP
TCP API
TCP
Telnet Rlogin
26 FTP
27
Telnet Rlogin
TCP 0
TCP URG TCP
Telnet 255
TCP
bsdi sock 10 -P

bsdi %sock -i -s -P10 5555

sun 8192 -S

6 1024 -n - U5

1
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20 TCP

sun % sock -v ~1 -né -88192 -U5 bsdil 5555
connected on 140.252.13.33.1305 to 140.252.13.35.5555
SO_SNDBUF = 8192
TCP_MAXSEG = 1024
wrote 1024 bytes
wrote 1024 bytes
wrote 1024 bytes
wrote 1024 bytes
wrote 1 byte of urgent data
wrote 1024 bytes
wrote 1024 bytes
8192 20-14
t cpdunp 1-5
4 1024 4 ACK
4 1 6
4008 URG
5 ACK 13 ms 6~10 1 ACK 1
1024 TCP
2048 TCP
TCP 4 ACK
TCP TCP -
TCP
8192
5 ACK 4 ACK TCP
ACK 4 5 ACK
TCP
1 0.0 sun.1305 > bsdi.5555: P 1:1025(1024) ack 1 win 4096
2.0.073743 (0.0737) sun.1305 > bsdi.5555: P 1025:2049(1024) ack 1 win 4096
3 0.096969 (0.0232) sun.1305 > bsdi.5555: P 2049:3073(1024) ack 1 win 4096
4 0.157514 (0.0605) bsdi.5555 > sun.1305: . ack 3073 win 1024
5 0.164267 (0.0068) sun.1305 > bsdi.5555: P 3073:4097(1024) ack 1 win 4096
6 0.167961 (0.0037) sun.1305 > bsdi.5555: . ack 1 win 4096 urg 4098
7 0.171969 (0.0040) sun.1305 > bsdi.5555: . ack 1 win 4096 urg 4098
8 0.176196 (0.0042) sun.1305 > bsdi.5555: . ack 1 win 4096 urg 4098
9 0.180373 (0.0042) sun.1305 > bsdi.5555: . ack 1 win 4096 urg 4098
10 0.180768 (0.0004) sun.1305 > bsdi.5555: . ack 1 win 4096 urg 4098
11 0.367533 (0.1868) bsdi.5555 > sun.1305: . ack 4097 win 0
12 0.368478 (0.0009) sun.1305 > bsdi.5555: . ack 1 win 4096 urg 4098
13 9.829712 (9.4612) bsdi.5555 > sun.1305: . ack 4097 win 2048
14 9.831578 (0.0019) sun.1305 > bsdi.5555: . 4097:5121(1024) ack 1 win 4096
urg 4098
15 9.833303 (0.0017) sun.1305 > bsdi.5555: . 5121:6145(1024) ack 1 win 4096
16 9.835089 (0.0018) bsdi.5555 > sun.1305: . ack 4097 win 4096
17 9.835913 (0.0008) sun.1305 > bsdi.5555: FP 6145:6146(1) ack 1 win 4096
18 9.840264 (0.0044) bsdi.5555 > sun.1305: . ack 6147 win 2048
19 9.842386 (0.0021) bsdi.5555 > sun.1305: . ack 6147 win 4096
20 9.843622 (0.0012) bsdi.5555 > sun.1305: F 1:1(0) ack 6147 win 4096
21 9.844320 (0.0007) sin.1305 > bsdi.5555: . ack 2 win 4096

20-14 tcpdunp  TCP
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TCP/IP 1
1024 11 0
13 2048
1024 14 15 1
2
16 6145
20-15 6145
4097 20-14 4098 Sun0S 4.1.3
- le i -l ]
= ~e ~e T T =T ™
seq #|1 1024|1025 2048|2049 30723073 4096 | 4097 4098 5121|5122 6145
20-15 TCP
TCP
1 1023
1024
20.9
TCP
TCP
TCP TCP
24.8 TCP
TCP PUSH
TCP “ ”
TCP
20.1 20-6 0 8193
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20 TCP
20.2 22-1 bsdi PUSH
20.3 Usenet 128 ms 256 000 b/s
120 000 b/s 47% 33000 b/s
13 500 ms
20.4 API TCP PUSH
PUSH
20.5 20-3 15 16
20.6 20-13 ACK

ACK



	第20 章TCP 的成块数据流
	20.1 引言
	20.2 正常数据流
	20.3 滑动窗口
	20.4 窗口大小
	20.5 PUSH 标志
	20.6 慢启动
	20.7 成块数据的吞吐量
	20.7.1 带宽时延乘积
	20.7.2 拥塞

	20.8 紧急方式
	20.9 小结


