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bsdi % telnet svrd discard

Trying 140.252.13.34...

Connected to svré.

Escape character is ‘"]’.

hello, world

and hi

Connection closed by foreign host. 9 TCP
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21 TCP
21-1 t cpdunp bsdi
1 0.0 bsdi.1029 > svrd.discard: S 1747921409:1747921409(0)
: win 4096 <mss 1024>
2 0.004811 ( 0.0048) svrd.discard > bsdi.1029: S 3416685569:3416685569(0)
ack 1747921410
win 4096 <mss 1024>
3 0.006441 ( 0.0016) bsdi.1029 > svrd.discard: . ack 1 win 4096
4 6.102290 ( 6.0958) bsdi.1029 > svr4.discard: P 1:15(14) ack 1 win 4096
5 6.259410 ( 0.1571) svrd.discard > bsdi.1029: . ack 15 win 4096
6 24.480158 (18.2207) bsdi.1029 > svrd.discard: P 15:23(8) ack 1 win 4096
7 25.493733 ( 1.0136) bsdi.1029 > svrd.discard: P 15:23(8) ack 1 win 4096
8 28.493795 ( 3.0001) bsdi.1l029 > svrd.discard: P 15:23(8) ack 1 win 4096
9 34.493971 ( 6.0002) bsdi.l029 > svrd.discard: P 15:23(8) ack 1 win 4096
10 46.484427 (11.9905) bsdi.1029 > svr4.discard: P 15:23(8) ack 1 win 4096
11 70.485105 (24.0007) bsdi.l029 > svr4.discard: P 15:23(8) ack 1 win 4096
12 118.486408 (48.0013) bsdi.l1l029 > svr4.discard: P 15:23(8) ack 1 win 4096
13 182.488164 (64.0018) bsdi.1l029 > svr4.discard: P 15:23(8) ack 1 win 4096
14 246.489921 (64.0018) bsdi.1029 > svr4d.discard: P 15:23(8) ack 1 win 4096
15 310.491678 (64.0018) bsdi.1029 > svrd.discard: P 15:23(8) ack 1 win 4096
16 374.493431 (64.0018) bsdi.l029 > svrd.discard: P 15:23(8) ack 1 win 4096
17 438.495196 (64.0018) bsdi.1029 > svrd.discard: P 15:23(8) ack 1 win 4096
18 502.486941 (63.9917) bsdi.1029 > svr4.discard: P 15:23(8) ack 1 win 4096
19 566.488478 (64.0015) bsdi.1029 > svrd.discard: R 23:23(0) ack 1 win 4096
21-1 TCP
1 2 3 TCP 4 “ hello, world” 12
5 svr4
and hi” 7~18 12 19 TCP
1 3 6 12 24 48 64
15
1.0136 15 18-7
1 64
“ (exponential backoff)” 6.5 TFTP
5
6 24.480 19 566.488
9 TCP
Solaris 2.2
E4 tcp_i p_abort _interval 2
9
21.3
TCP RTT
TCP
TCP

RTT

ACK
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20.1 RTT 4 1~1024
7 1~1024 ACK M RTT
TCP TCP RTT O
R« aR+(1-a)M
o 0.9 RTT
90 10%
RTT RFC 793
RTO Retransmission TimeOut
RTO = RB
B 2
[Jacobson 1988] RTT
Jacobson
RTT RTT
RTO RTO
[Jacobson 1988] 5 6 RFC 793 RTO
RTO
Jacobson
RTT M
Err = M-A
A—A+gErr
D~D+h(|Err|-D)
RTO =A+4D
A RTT D Err
RTT A D RTO g
1/8 0.125 h 0.25 RTT RTO
[Jacobson 1988] RTO 2D
[Jacobson1990c] 4D BSD Net/1
Jacobson
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21.2 RTO
ACK
[Karn and Partridge 1987]
RTT ACK
ACK
RTO
RTO
RTO
21.4 RTT
TCP
sock 32768 slip vangogh. cs.
ber kel ey. edu
slip %sock -D -i -n32 vangogh.cs. berkel ey.edu discard
slip SLIP 140.252.1
Internet 9600 b/s SLIP
32 1024 slip bsdi MTU 296
128 256 45
slip t cpdunp
-D A.6
trpt(8) RTT
21-2 5 t cpdump
t cpdunm
ACK
slip 4096 vangogh
8192
slip
1~13 15 t cpdunp
21.4.1 RTT
21-2 RTT

TCP RTT
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TCP/IP 1

slip.1024 vangogh.discard

0.0 -1

RTT #1
(1.061 sec) 2

1.061206 (1.0612
1.063093 (0.0019
1.065502 (0.0024
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1.871101 {0.8056
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1.875377 (0.0024;
2.137876 (0.2625
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RIT #3
(1.015 sec)

2.887534 (0.7474)

2.947597 (0.0601)
21-2 RTT
500 ms TCP
550 ms RTT 1
500 ms 2 (1000 ms)
ACK
RTT
21-2 1 2
RTT 1.061 t cpdunp 3 TCP
RTT 1500 ms
3 2.4 ms 4
5
t cpdunp RTT 0.808 RTT 1 500 ms
6 1.015 10

RTT 2 7 9



21 TCP
8 769
21-3 tcpdump RTT
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RTO=A+2D=0+2x 3=65s
2D 4D A RTO
SYN RTO
SYN 21-5 tcpdump
4
1 0.0 slip.1024 > vangogh.discard: S 35648001:35648001(0)

2 5.802377 (5.8024)

3 6.269395 (0.4670)

4 6.270796 (0.0014)

win 4096 <mss 256>

slip.1024 > vangogh.discard: S 35648001:35648001(0)
win 4096 <mss 256>

vangogh.discard > slip.1024: S 1365512705:1365512705(0)
ack 35648002
win 8192 <mss 512>

slip.1024 > vangogh.discard: . ack 1 win 4096

21-5 SYN
5.802 RTO
RTO=A+4D=0+4x 3=12s
RTO 12 1 2
24 4 48 RTO
SYN 6 24 4-5
ACK 467ms A D Karn
4 ACK ACK
1 21-2 1 RTO Karn
24 RTT 21-4 0 RTO
24
1 ACK 21-2 2 3
A=M+05=15+05=2
D=A2=1
3 M 15 A D 0 RTO
3 1 RTT M RTO
RTO=A+4D=2+4x 1=65s
2 ACK 21-2 5 1 0.5
Err=M-A=05-2=-15
A=A+ gErr =2-0.125x 1.5=1.8125
D=D+h(Err|-D)=1+0.25x (1.5-1) = 1.125
RTO = A+4D =1.8125 + 4x 1.125=6.3125
Err A D
RTO 6.3125 21-4 1.871
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21 TCP
6913 6657 TCP 256
1 6657 ACK vangogh 7 48, 50,
52, 54, 55,57 59 TCP ACK
TCP vangogh
6657 ACK
63 TCP 6657~8960
2304 72
ACK 5888 8192-2304
2304
21-6 tcpdunp 14 21
3 ACK
21.8
21.6
20.6
[Jacobson 1988]
1%
215
RTT 21.3
cwnd
ssthresh
1) cwnd 1 ssthresh 65535
2) TCP cwnd
3) ssthresh cwnd
2
cwnd 1
4) cwnd
cwnd ssthresh

cwnd 1 1 20.6
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1 2 4
cwnd 1/cwnd
(additive increase) cwnd 1
RTT ACK
cwnd
4.3BSD 4.4BSD 1
8
[Floyd 1994]
[Leffler et al. 1989] 4.3BSD Tahoe
4.3BSD Reno
21-8 cwnd ssthresh
20—
18
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10—
8
6 —
4
2
0 T T I T I T |
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21-8
cwnd 32 ssthresh 16
cwnd 1 0 1 ACK
cwnd 2 2 2 ACK cwnd 4
ACK 1 3 4 8 ACK cwnd
ssthresh cwnd 1
ssthresh
21.7
1990 [Jacobson 1990b] 21.5
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21 TCP
TCP ACK
ACK ACK ACK
ACK
ACK
ACK 1~-2 ACK
3 3 ACK 21.5
21-7 3 ACK
ACK 3 67,69 71
ACK
ACK
1) 3 ACK ssthresh cwnd
cwnd ssthresh 3
2) ACK cwnd 1 1
cwnd
3) ACK cwnd ssthresh 1
ACK 1 ACK
1 ACK
cwnd ssthresh
4.3BSD Tahoe
4.3BSD Reno
21.8 ()
t cmdunp 21.4
cwnd ssthresh MSS 256 cwnd ssthresh
256 65535 ACK cwnd MSS
512, 768, 1024, 1280
21.4
4 SYN 21-5

3 21-6
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TCP/IP 1
21-9 SYN 7 cwnd ssthresh
21-2 ACK t cpdunp
1:257(256) 1~256
SYN ssthresh 512 2
cwnd 1 256
SYN ACK
ACK 257 cwnd ssthresh cwnd
256 ACK 513
ACK 769 cwnd
segsize X segsize  segsize
d + +
cwnd < cwn - 8
cwnd 1/cwnd
256x256 256
cwnde—768+——3%§——+-?r
885 ACK 1025
256 %256 256
cwnd « 885+ —8'5—5— + -—8—
991 256/8
( 21-2) cwnd | ssthresh
256 65535
SYN
256 512
SYN
SYN, ACK
ACK
1 1:257(256)
2 ACK 257 512 512
3 257:513(256)
4 513:769(256)
5 ACK 513 768 512
6 769:1025(256)
7 1025:1281(256)
8 ACK769 | cong.avoid 885 512
9 1281:1537(256)
10 ACK 1025 | cong. avoid 991 512
11 1537:1793(256)
12 ACK 1281 | cong. avoid 1089 512
21-9
cwnd 21-6 10 1 21-10
21-6 cwnd

cwnd 6

21-9



Chinaspuhat

oM
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3 3
ACK 1 21.7 ssthresh
ACK cwnd
ACK 1 TCP
20-9 21-10 cwnd ssthresh 21-7
36 36
34 [34
32.] F32
30—- :30
28] [28
26 F26
( ) 24 comd [24
ownd(100 ) 22 [2
20 [20
18] L8
16 [16
14 [14
12 [12
10 F10
8] [s
6] 3
4] [4
2-: 2
0 T T T T T T T T T I T T T T | T T T T ' T T T T | T T T T | T T T T O
0 5 10 15 20 25 30 35
()
21-10 cwnd
( 21-7) cwnd | ssthresh
58 ACK 6657 2426 512
59 8705:8961(256)
60 ACK 6657 ACK#1 | 2426 512
61 ACK 6657 ACK#2 | 2426 512
62 ACK 6657 ACK#3 | 1792 1024
63 6657:6913(256)
64 ACK 6657 ACK#4 | 2048 1024
65 ACK 6657 ACK #5 2304 1024
66 ACK 6657 ACK #6 2560 1024
67 8961:9217(256)
68 ACK 6657 ACK #7 2816 1024
69 9217:9473(256)
70 ACK 6657 ACK#8 | 3072 1024
71 9473:9729(256)
72 ACK 8961 1280 1024
21-11
cwnd 21-9 12 1089 21-11
58 2426 ssthresh 512
2 ACK 60 61 cwnd
21-10 3 ACK ssthresh
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TCP/IP 1
cwnd cwnd ssthresh
ACK 1024 3 256
5 ACK 64~66, 68 70 cwnd 1
ACK 72 cwnd ssthresh 1024
cwnd ssthresh cwnd 1280
ACK 21-11 cwnd ssthresh 1363
66 68 70 ACK
64 65 ACK cwnd
65 cwnd 2048 2304
9 46, 48, 50, 52, 54, 55, 57,59 63 65
cwnd 2304 66 cwnd 2560
1 68 cwnd 2816
2560 1 70
21-10 14.3 3 ACK
ACK cwnd 1024
21-10 21.1 ACK 3
ACK cwnd 3 1280 cwnd
3615
21.9
TCP TCP
RTT
“ " 16 16
RTT RTT 5%
route(8)
MT 20.7
21.10 ICMP
TCP ICMP TCP
ICMP
. cwnd 1

ssthresh
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21 TCP
ICMP
TCP
21-1 TCP 9
ICMP ICMP “
BSD ICMP
SLIP ICMP
slip ai x
SLIP sun netb SLIP
sun 9.2 sun 140.252.1
P ICMP TCP ICMP
slip
slip % sock aix echo sock
test line
test line
SLIP
another line
SLIP
another line
line number 3
line number 3
the last line
SLIP
read error: No route to host TCP
21-12 bsdi t cpdunp
ai x “ test line” 1
2 3 SLIP
“ another line” 3 TCP
6 4~13 1 4
sun ICMP slip P
bsdi sun sun
SLIP 14 15 ai x
16
TCP ICMP
1 2.5 2 5 4 10 8 20
14 40
3 “ line number 3" 17 18

19
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TCP/IP 1
1 0.0 s1ip.1035 > aix.echo: P 1:11(10) ack 1
2 0.212271 ( 0.2123) aix.echo > slip.1035: P 1:11(10) ack 11
3 0.310685 ( 0.0984) slip.1035 > aix.echo: . ack 11
SLIP
4 174.758100 (174.4474) slip.1035 > aix.echo: P 11:24(13) ack 11
5 174.759017 ( 0.0009) sun > slip: icmp: host aix unreachable
6 177.150439 ( 2.3914) s1ip.1035 > aix.echo: P 11:24(13) ack 11
7 177.151271 ( 0.0008) sun > slip: icmp: host aix unreachable
8 182.150200 ( 4.9989) slip.1035 > aix.echo: P 11:24(13) ack 11
9 182.151189 ( 0.0010) sun > slip: icmp: host aix unreachable
10 192.149671 ( 9.9985) slip.1035 > aix.echo: P 11:24(13) ack 11
11 192.150608 ( 0.0009) sun > slip: icmp: host aix unreachable
12 212.148783 ( 19.9982) slip.1035 > aix.echo: P 11:24(13) ack 11
13 212.149786 ( 0.0010) sun > slip: icmp: host aix unreachable
SLIP
14 252.146774 ( 39.9970) s1ip.1035 > aix.echo: P 11:24(13) ack 11
15 252.439257 ( 0.2925) aix.echo > slip.1035: P 11:24(13) ack 24
16 252.505331 ( 0.0661) slip.1035 > aix.echo: . ack 24
17 261.977246 ( 9.4719) slip.1035 > aix.echo: P 24:38(14) ack 24
18 262.158758 ( 0.1815) aix.echo > slip.1035: P 24:38(14) ack 38
19 262.305086 ( 0.1463) slip.1035 > aix.echo: . ack 38
SLIP
20 458.155330 (195.8502) s1ip.1035 > aix.echo: P 38:52(14) ack 38
21 458.156163 ( 0.0008) sun > slip: icmp: host aix unreachable
22 461.136904 ( 2.9807) slip.1035 > aix.echo: P 38:52(14) ack 38
23 461.137826 ( 0.0009) sun > slip: icmp: host aix unreachable
24 467.136461 ( 5.9986) slip.1035 > aix.echo: P 38:52(14) ack 38
25 467.137385 ( 0.0009) sun > slip: icmp: host aix unreachable
26 479.135811 ( 11.9984) slip.1035 > aix.echo: P 38:52(14) ack 38
27 479.136647 ( 0.0008) sun > slip: icmp: host aix unreachable
28 503.134816 ( 23.9982) slip.1035 > aix.echo: P 38:52(14) ack 38
29 503.135740 ( 0.0009) sun > slip: icmp: host aix unreachable
14
44 1000.219573 ( 64.0959) s1ip.1035 > aix.echo: P 38:52(14) ack 38
45 1000.220503 ( 0.0009) sun > slip: icmp: host aix unreachable
46 1064.201281 ( 63.9808) s1ip.1035 > aix.echo: R 52:52(0) ack 38
47 1064.202182 ( 0.0009) sun > slip: icmp: host aix unreachable
21-12 TCP ICMP
ICMP TCP
SLIP “ thelast line” TCP 13
30~43
sock “
" Unix ICMP 6-12 TCP
ICMP « .
22~46 6~14 3 17~19
TCP 3
6, 12, 24, 48 64
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21 TCP
21.11
TCP TCP
MSS TCP
sock
3
2 3
bsdi %sock svr4 discard
hello there
line number 2
and 3 2
21-13 t cpdunp
1 0.0 bsdi.1032 > svrd.discard: P 1:13(12) ack 1
2 0.140489 ( 0.1405) svr4d.discard > bsdi.1032: . ack 13
3 26.407696 (26.2672) bsdi.1032 svr4.discard: P 13:27(14) ack 1
4 27.639390 ( 1.2317) bsdi.1032 svrd.discard: P 13:27(14) ack 1
5 30.639453 ( 3.0001) bsdi.1032 svrd.discard: P 13:27(14) ack 1
3
6 36.639653 ( 6.0002) bsdi.1032 svrd.discard: P 13:33(20) ack 1
7 48.640131 (12.0005) bsdi.1032 svrd.discard: P 13:33(20) ack 1
8 72.640768 (24.0006) bsdi.1l032 > svrd.discard: P 13:33 (20) ack 1
9 72.719091 0.0783) svrd.discard > bsdi.1032: . ack 33
21-13 TCP
1 2 “ hello there” ACK
“ line number 2" 14 4 5
6 “ and 311 6 20
ACK 9 20
21.12
TCP
SYN
TCP RTT
RTT
Karn RTT
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3 TCP
TCPRTT
ICMP TCP TCP
“ 7 ICMP TCP
21.1 215 1 6 2 12 SYN 12
21.2 21-5 4-5 6 24 48
SVR4 6, 12, 24
48
21.3 TCP TFTP
35 21-6 32768 RTT 15 21-4
TFTP
21.4 21.7 ACK
215 1 ACK
ACK
21.5 21-6 28.8 29.8
216 216 4.3BSD Tahoe
" " E
217 202 TCP 21-

218 per-route
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