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24.1
TCP 1200 b/s SLIP 80 20
TCP/IP TCP
T2 FDDI TCP
TCP TCP
MTU TCP
TCP 536 MTU
(long fat pipe) TCP
TCP
TCP 65535
TCP RTT
RFC 1323 [Jacobson, Braden, and Borman 1992]
TITCP TCP
TITCP
4
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UDP MTU RFC
1191 [Mogul and Deering 1990] TCP

Solaris 2.x MTU
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TCP MTU TCP
MSS MTU MTU TCP MSS
MSS 536 21.9
MTU
TCP IP DF
DF
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ICMP MTU IP TCP
ICMP MTU 2-5 ICMP
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MSS MTU RFC 1191
10 11.8 Solaris 2.2 30
MSS 536 MTU MTU
576
MTU MTU
MTU 576 536
MTU MSS MTU IP TCP
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24.2.1
MTU MTU MTU
24-1
512
t cpdunp
L MTU=1500 MTU=1500 ¢ MTU=1500 MTU=1500
slip SLIP bsdi sun SLIP- ¢ netb solaris
MTU=552 MTU=296 MTU=552 MTU=1500
TCP
Bl (- =5 < MSs=1a50"™
24-1 MTU
sol aris MTU slip
UDP MTU 11-13 slip
MTU 552 296 slip 512 MSS bsdi
SLIP MTU 296 256 TCP
sol aris MTU
sol aris sock slip 512
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solaris %sock -i -nl -w512 slip discard
24-2 sun SLIP t cpdunp
1 0.0 solaris.33016 > slip.discard: S 1171660288:1171660288(0)

win 8760 <mss 1460> (DF)

2 0.101597 (0.1016) slip.discard > solaris.33016: S 137984001:137984001(0)
ack 1171660289 win 4096
<mss 512>

3 0.630609 (0.5290) solaris.33016 > slip.discard: P 1:513(512)
ack 1 win 9216 (DF)
4 0.634433 (0.0038) bsdi > solaris: icmp:
slip unreachable - need to frag, mtu = 296 (DF)
5 0.660331 (0.0259) solaris.33016 > slip.discard: F 513:513(0)
ack 1 win 9216 (DF)
6 0.752664 (0.0923) slip.discard > solaris.33016: . ack 1 win 4096

7 1.110342 (0.3577) solaris.33016 > slip.discard: P 1:257(256)
ack 1 win 9216 (DF)
1.439330 (0.3290) slip.discard > solaris.33016: . ack 257 win 3840

1.770154 (0.3308) solaris.33016 > slip.discard: FP 257:513(256)
ack 1 win 9216 (DF)
10 2.095987 (0.3258) slip.discard > solaris.33016: . ack 514 win 3840
11 2.138193 (0.0422) slip.discard > solaris.33016: F 1:1(0) ack 514 win 4096
12 2.310103 (0.1719) solaris.33016 > slip.discard: . ack 2 win 9216 (DF)

24-2 MTU t cpdunp
1 2 MSS solaris 512
SYN 3 18.9 SYN
4 ICMP bsdi
MTU ICMP
solaris FIN 5 slip
bsdi 512 513 6
1
ICMP solaris solaris 256 7
9 512 bsdi MTU
DF
15 512 256
solaris
24.2.2
[Mogul 1993, 15.2.8 ]
[Bellovin 1993]
4 8192 T1 1
544 000b/s 4096 24-3
1P

1P
R1 R4 4
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8192

R1 R2 R3 R4

; 40
time 1 40952~ - - %‘_ , time 1
time 3 = 0955, time3

time 4
24-3 4 4096
4096 +40 x 8b/
( ) - =21.4ms/
1544 000 b/s
( TCP IP 40 )
4 85.6 2 42.8
24-4 16 512
R1 R2 R3 R4

ﬁmeO%L time 0
- - — 512575 time 3

T
time 14 —_ 512545 \ﬁme4
time 17 - - 512@»% time 17
time 18 \timels

24-4 4 16 512

(512 +40 )x 8b
1544000 b/s

18x 2.9 =52.2ms 2 5.8 ms

=29md

[Bellovin 1993]

24.3

20.7
capacity (b) = bandwidth (b/s) x round-trip time (s)

TCP 24-5
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TCP/IP 1
(bls) RTT(ms) ( )
10 000 000 3 3 750
T1 1 544 000 60 11 580
T1 1 544 000 500 96 500
T3 45 000 000 60 337 500
gigabit 1.000 000 000 60 7 500 000
24-5
Long Fat Network LEN
“ elefan(t)s” LFN TCP 20-11 20-12
RTT
1) TCP 16 bit 65535 24-5
24.4
2) LFN
21.7
RTT
RFC 1072 [Jacobson and Braden 1988] SACK
RFC 1323
TCP
3) 21.4 TCP RTT
RTT LFN RTT 24.5
4)TCP 32 bit
IP TTL IP
—255 255 18.6
MSL MSL
2 240 2MSL 18.6 MSL 30
LFN TCP
4 294 967 296 N
N MSL
MSL 60
T3
45 Mb/s 12 FDDI 100 Mb/s 5

1000 Mb/s 34
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24.6 TCP PAWS
(Protection Against Wrapped Sequence numbers)

4.4BSD

[Partridge 1994]
[Kleinrock 1992]

100 30 ms 24-6
T1 1 544 000 b/s 1 Gb/s
X y
100
994 210
5790
— * 1544 000 bis
30 ms

8ms -

- ——

1Gb/s
-
1 000 000
24-6 30ms 100
24-6 30 ms 30 ms 1
T1 5790 994 210
3 750 000 25
1 8ms
T1 5211 T3 (45000000 b/s
0.208 29 25
0.038 30 ms 8 ms
2000 Mb/s 0.304 ms 30ms

ams 10
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TCP/IP 1
24.4
TCP 16 bit 32 hit TCP
TCP 16 bit 16 bit (scaling
operation) TCP 32 hit
18-20 0
14 14 1 073 725 440 65535x 2'
SYN
SYN
SYN
SYN
0
Host Requirements RFC TCP
SYN TCP
18-20
S R
16 bit R
32 hit S
TCP 16 bit
TCP
20.4
4.4BSD vangogh. cs. ber kel ey. edu sock
TCP
1 128 000 2 220 000

vangogh % sock -v -R128000 bsdi.tuc.noao.edu echo
SO_RCVBUF = 128000

connected on 128.32.130.2.4107 to 140.252.13.35.7
TCP_MAXSEG = 512

hello, world

hello, world

“D

vangogh % sock —-v —-R220000 bsdi.tuc.noao.edu echo
SO _RCVBUF = 220000

connected on 128.32.130.2.4108 to 140.252.13.35.7
TCP_MAXSEG = 512

bye, bye

bye, bye

“D

24-7 t cpdunp 2 8
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1 0.0 vangogh.4107 > bsdi.echo: S 462402561:462402561(0)
win 65535
<mss 512,nop,wscale 1,nop,nop,timestamp 995351 0>
2 0.003078 ( 0.0031) bsdi.echo > vangogh.4107: S 177032705:177032705(0)
ack 462402562 win 4096 <mss 512>
3 0.300255 ( 0.2972) vangogh.4107 > bsdi.echo: . ack 1 win 65535
4 16.920087 (16.6198) vangogh.4107 > bsdi.echo: P 1:14(13) ack 1 win 65535
5 16.923063 ( 0.0030) bsdi.echo > vangogh.4107: P 1:14(13) ack 14 win 4096
6 17.220114 ( 0.2971) vangogh.4107 > bsdi.echo: . ack 14 win 65535
7 26.640335 ( 9.4202) vangogh.4107 > bsdi.echo: F 14:14(0) ack 14 win 65535
8 26.642688 ( 0.0024) Dbsdi.echo > vangogh.4107: . ack 15 win 4096
9 26.643964 ( 0.0013) bsdi.echo > vangogh.4107: F 14:14(0) ack 15 win 4096
10 26.880274 ( 0.2363) vangogh.4107 > bsdi.echo: . ack 15 win 65535
11 44.400239 (17.5200) vangogh.4108 > bsdi.echo: S 468226561:468226561 (0)
win 65535
<mss 512,nop,wscale 2,nop,nop,timestamp 995440 0>
12 44.403358 ( 0.0031) bsdi.echo > vangogh.4108: S 182792705:182792705(0)
ack 468226562 win 4096 <mss 512>
13 44.700027 ( 0.2967) vangogh.4108 > bsdi.echo: . ack 1 win 65535
24-7
1 vangogh 65535 1
128 000 SYN
1
1 vangogh 131 070 65535% 2
12 8000 bsdi SYN 2
vangogh 65535
2 vangogh 2 262 140
2
65535% 2 220 000
ACK RTT “ ACK”
“ " TCP ACK
RTT 8
RTT
RFC 1323 3.1 RTT
RTT
RTT 8
1/8 100
1/100 RTT
18-20 1 32 hit
TCP 20 32
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TCP/IP 1
RFC 1323 1
1 1
4.4BSD 500 ms 1
24-7 1 11 89
500 ms 44.4
SYN SYN
TCP
ACK ACK
1) TCP ACK tsrecent
ACK lastack
2) lastack tsrecent
3) tsrecent
lastack
1) ACK
1~1024 1025~2048
ACK 2049 ACK 1~1024
1
ACK
2)
3 1024 1~1024
1 2049~4072 3 1025~2048 2 ACK
1 ACK 1025 ACK 1
ACK 1025 ACK
2 ACK 3073
RTT ACK
3 ACK 2
2 3
RTT

RTT
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24.6 PAWS
TCP 1 2%
65535x 2™ 2'% 2
1
24-8 6
10 G 1073741824
tcpdump J:K J K-1
A 0G:1G 0G:1G 1
B 1G2G 1G2G 2
C 2G:3G 2G:3G 3
D 3G:4G 3GAG 4
E 4G:5G 0G:1G 5
F 5G:6G 1G2G 6
248 6 1 6
32 bit D E B
E
M SL TTL
24-8
32 bit E 2
5 6 PAWS
PAWS
1
247 TI/TCP TCP
TCP
(transaction)
1)
2) RTT SPT RTT (Round-Trip Time)

SPT (Server Processing Time)
3)

14

DNS
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TCP/IP 1
TCP UDP TCP
UDP UDP TCP
TITCP RFC 1379 [Braden 1992b] [Braden
1992c]
TCP 7 18-13
 — 1 SYN
FIN—— 2 RTT SPT SYN
FIN TCP
TCP TIME_WAIT 2MSL

18.14 268

TCP WAIT_TIME T/TCP

1) 32 bit CC (Connection Count)

CcC 1
2) T/ITCP TCP CC
6 32hit CC
3) ccC
SYN
4) SYN CcC
CcC CcC SYN
cC cc
TCP
5) SYN SYN ACK CCECHO
CcC
6) SYN CcC
CcC
RTT TIME_WAIT TIME_WAIT
TIME_WAIT 8 RTO 21.3
1) SYN FIN
CcC TCP CcC
CcC
2) SYN FIN FIN
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ACK CC CC CCECHO TCP
FIN ACK SYN FIN
TCP
3) FIN ACK SYN FIN
RTT SPT
TCP
. SYN ACK 2
SYN ACK
SYN T/TCP
« API
FIN
FIN
. MSS 1
MSS 536 MSS CcC
. T/TCP
4096
. 3 RTT
RTT RTT
21.9
TITCP
TCP
VMTP Versatile Message Transaction
Protocol RFC 1045 [Cheriton 1988] TITCP
VMTP P VMTP
ACK
24.8 TCP L
6 6
80 TCP 6 6
100 000~200 000 P 0| »
[Stevens 1990] 17.5 TCeP wo | 2%
CRC 2 2
800 000 (9.6ms) 2| 12
1538 84
10 Mb/s 24-9

TCP [Warnock
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TCP/IP 1
1991] 24-9
ACK
CRC
9.6ms 10 Mb/s 12
ACK
2x 1460 B 10 000 000 h/s
throughput= 7% 1533 B+84B x 80B =1555063 B/S
TCP 65535 44
1460 ACK
22x 1460 B 10 000 000 b/s
throughput= X =1 183667 B/S
22x 1538 B+84 B 8b/B
ACK
ACK [Warnock 1991]
1 075 000
/ 90
FDDI 100 Mb/s  [Schryver 1993]
FDDI TCP 80 Mb/s~90 Mb/s [Borman 1992]
Gray Y-MP 800 Mb/s HIPPI 781 Mb/s
Gray Y-MP 907 Mb/s
[Borman 1991]
1)
2)
TCP [Dalton et al. 1993]
[Partridge and Pink 1993] “ ”
UDP UDP 30
3)
24.4
14 1.073 RTT
TCP TCP
[Partridge and Pink 1993]
24.9

TCP MTU
TCP -
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MTU MTU TCP 536
TCP 65535 1
PAWS
TCP
TCP TITCP / -
TIME_WAIT
SYN FIN
TCP TCP
TCP
1
24.1 SYN 0
24.2 24-7 bsdi vangogh 3 16 hit
2
13
24.3
24.4 MSL 2 ?
245 PAWS TCP PAWS 2MSL (
TIME_WAIT )
24.6 24.4 sock IP
24.7 MSS 1024 24.8
24.8 Karn 21.3
24.9 TCP SYN 24.7
TCP ?
2410 247 TITCP FIN
RTT SPT
24.11 TITCP RTO 0.5 18.14
24.12 TITCP
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