Chinaspubecom

11 UDP

11.1
uUDP UDP
P
fe——««+— P —__.|
TCP
P je—— uop —
14 UDP
UDP
uDP P :
20 8
11-1
RFC 768 [Postel 1980] UDP 11-1 UDP
UDP IP
uUDP TCP
17 TCP UDP
IP MTU 2.8 P
2.9 MTU 11.5
IP
11.2 UDP
UDP 11-2
0 15 16 a1
1 , T
‘8
16 UDP 16 UDP i
1 ( ) /
11-2 UDP
1-8 TCP UDP
IP IP P TCP UDP IP

TCP TCP UDP UDP TCP UDP



China=pupecom

TCP/IP 1
TCP UDP
UDP UDP UDP 8
0 UDP OK UDP IP
3-1 UubP P
3-1
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UDP
UDP
IP IP
UDP
UDP
UDP 80
UDP UDP NFS Network File System
UDP UDP
SLIP
Host Requirements RFC UDP
0
11.3.1 tcpdump
UDP
UDP t cpdunmp
UDP 0
11-4 sock
C 9 UDP
1 0.0 sun.1900 > gemini.echo: udp 9 (UDP cksum=6e90)
2 0.303755 ( 0.3038) gemini.echo > sun.1900: udp ©® (UDP cksum=0)
3 17.392480 (17.0887) sun.1904 > aix.echo: udp 9 (UDP cksum=6e3b)
4 17.614371 ( 0.2219) aix.echo > sun.1904: udp 9 (UDP cksum=6e3b)
5 32.092454 (14.4781) sun.1907 > solaris.echo: udp 9 (UDP cksum=6e74)
6 32.314378 ( 0.2219) solaris.echo > sun.1907: udp 9 (UDP cksum=6e74)
11-4 tcpdunp UDP
UDP
3 4 5 6 11-3 IP
UDP UDP
TCP/IP 16 bit 16 hit
14.2 8 DNS DNS UDP
UDP
11.3.2

[Mogul 1992]

NFS
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TCP/IP 1
40 11-5
446 170 000 000
P 14 170 000 000
= uDP 5 140 000 000
TCP 350 30 000 000
IP
ARP IP 11-5
UDP TCP ICMP 1P
TCP UbP
TCP “ " UDP
CRC
UDP
TCP
11.4
sock tcpdump UDP
bsdi %sock -v -u -i -n4 svr4 discard
connected on 140.252.13.35.1108 to 140.252.13.34.9
bsdi %sock -v -u -i -n4 -w0 svr4 discard
connected on 140.252.13.35.1110 to 140.252.13.34.9
1 verbose -V ephemeral UDP
-u TCP -
-n4 4 1024 svr4 1.12
1024
2 -w0 0 t cpdunp
11-6
1 0.0 bsdi.1108 > svr4.discard: udp 1024
2 0.002424 ( 0.0024) bsdi.1108 > svrd.discard: udp 1024
3 0.006210 ( 0.0038) bsdi.1108 > svrd.discard: udp 1024
4 0.010276 ( 0.0041) bsdi.1108 > svr4.discard: udp 1024
5 41.720114 (41.7098) 1Dbsdi.1l110 > svr4.discard: udp 0
6 41.721072 ( 0.0010) bsdi.1110 > svrd.discard: udp 0
7 41.722094 ( 0.0010) Dbsdi.1110 > svrd.discard: udp 0
8 41.723070 ( 0.0010) bsdi.1110 > svréd.discard: udp 0
11-6 UDP t cpdunp
1024 0
2 41
1 17
TCP 1
UDP 1108
110 1.9 ephemeral 1024 5000
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P
P 3-1 P
1
“ " 1 IP
ICMP “
" 6-3
IP IP
P
IP
1P -
TCP UDP UDP
TCP TCP TCP
1P
[Kent and Mogul 1987]
UDP 1P TCP
TCP sock
1500
1472 IP 20 UDP 8
1471, 1472, 1473 1474 sock
bsdi %sock -u -i -nl -wl471 svr4 discard
bsdi %sock -u -i -nl -wl472 svr4 discard
bsdi %sock -u -i -nl -wl473 svr4 discard
bsdi %sock -u -i -nl -wl474 svr4 discard
t cpdunp 11-7

2-1
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1 0.0 bsdi.1l112 > svr4.discard: udp 1471
2 21.008303 (21.0083) bsdi.l114 > svr4.discard: udp 1472
3 50.449704 (29.4414) bsdi.l116 > svrd.discard: udp 1473 (frag 26304:1480Q0+)
4 50.450040 ( 0.0003) bsdi > svr4: (frag 26304:1Q1480)
5 75.328650 (24.8786) bsdi.1l118 > svrd.discard: udp 1474 (frag 26313:1480Q0+)
6 75.328982 ( 0.0003) bsdi > svrd: (frag 26313:2@1480)
11-7 UDP
UDP 1 2
1473 IP 1501 3 4 1474
1502 5 6
IP t cpdunp frag 26304 3
frag 26313 5 6 IP
3 @ 1480 IP
1480 UDP 8 1472 IP
20 1500 1 2 4 1 —_—
2 2 6 2
IP
1480 8
@ 1 o 3
5) 2 1480 4 6 IP 3 hit
4 6 1 UDP
P UDP
1
3 1473 11-8
1
IP IP
IP IP
IP
| P -
P uDP UDP (1473 )
//’ 20 /// 8 /?/ //’/ \\\\\\
P uDP P
20 8 1472 20 1
- 4 = —
11-8 UDP
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UDP
11.6 ICMP
ICMP P
DF MTU
—_— MTU 2.9
ICMP 11-9 6-10
2 32hit 16~31 hit MTU 0
0 7 8 15 16 31
©) 4 T
8
( 0) MTU i
/ P ¥ P 8 /
11-9 ICMP
ICMP MTU 0
RFC [Almquist 1993] ICMP
ICMP netb sun
SLIP MTU sun neth MTU SLIP sun
SLIP 3.9 net st at
MTU 25 SNMP
MTU
solaris pi ng bsdi
11-10
MTU=1500 MTU=1500 MTU=1500 MTU=1500
bsdi sun SLIP netb solaris
MTU=552 MTU=?
- - - - - - ping
- - -----—- ICMP
- — - - — - - — =
t cpdunp
11-10 netb sun  SLIP MTU
sun t cpdunp SLIP
pi ng 500 600
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bsdi t cpdunp
11-11
1 0.0 solaris > bsdi: icmp: echo request (DF)
2 0.000000 (0.0000) bsdi > solaris: icmp: echo reply (DF)
3 0.000000 (0.0000) sun > bsdi: icmp: solaris unreachable -
need to frag, mtu = 0 (DF)
4 0.738400 (0.7384) solaris > bsdi: icmp: echo request (DF)
5 0.748800 (0.0104) bsdi > solaris: icmp: echo reply (DF)
6 0.748800 (0.0000) sun > bsdi: icmp: solaris unreachable -
need to frag, mtu = 0 (DF)
11-11 600 IP solaris ping bsdi t cpdunp
DF 1P Solaris 2.2
1 MTU
1 netb sun DF
netb SLIPMTU
2 DF
600 sun SLIP MTU 552
DF sun ICMP
bsdi bsdi
sol aris
sun 11-12
MTU=1500 MTU=1500 MTU=1500 MTU=1500
bsdi sun SLIP netb solaris
MTU=552 =?
ICMP ICMP
ICMP - m - Tt o
- - —-—————
ICMP
——————— -
ICMP
- — - — —
DF
11-12
11-11 3 6 mtu=0 sun ICMP
MTU 11-9 25.9 SNMP netb
SLIP MTU 1500
11.7 Traceroute MTU
MTU traceroute

8 MTU ‘ ?
MTU ICMP* ?
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ICMP MTU
MTU MTU RFC 1191 [Mogul and
Deering 1990] MTU
MTU
sun slip MTU SLIP MTU 296

sun % traceroute.pmtu slip

traceroute to slip (140.252.13.65), 30 hops max
outgoing MTU = 1500

1 bsdi (140.252.13.35) 15 ms 6 ms 6 ms

2 bsdi (140.252.13.35) 6 ms

fragmentation required and DF set, trying new MTU = 1492
fragmentation required and DF set, trying new MTU = 1006
fragmentation required and DF set, trying new MTU = 576
fragmentation required and DF set, trying new MTU = 552
fragmentation required and DF set, trying new MTU = 544
fragmentation required and DF set, trying new MTU = 512
fragmentation required and DF set, trying new MTU = 508
fragmentation required and DF set, trying new MTU = 296
2 slip (140.252.13.65) 377 ms 377 ms 377 ms

bsdi ICMP MTU
MTU TTL 2 1 bsdi ICMP
TTL 2
bsdi ICMP MTU

sun % traceroute.pmtu slip

traceroute to slip (140.252.13.65), 30 hops max
outgoing MTU = 1500

1 bsdi (140.252.13.35) 53 ms 6 ms 6 ms

2 bsdi (140.252.13.35) 6 ms

fragmentation required and DF set, next hop MTU = 296
2 slip (140.252.13.65) 377 ms 378 ms 377 ms

MTU 8 MTU ——
MTU
traceroute
15
netb SLIP MTU 11-12 1500
18 2 MTU 1500
MTU 572 RFC 1191
ICMP 1500
ICMP MTU 1006
512

MTU MTU
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11.8 UDP MTU
UDP MTU
MTU Solaris 2.x
650 slip slip MTU 296 SLIP
268 296 20 8 “ " 1 UDP bsdi
ICMP* ” 11-13 MTU
t cpdunp
MTU=1500 MTU=1500 l MTU=1500 MTU=1500
slip SLIP bsdi sun SLIP netb solaris
MTU=206 MTU=29% MTU=552 MTU=1500
DF 1 650 UDP
- e
___________________________________ -
ICMP
11-13 UDP MTU
650 ubP UDP 5
solaris %ock -u -i -nl1l0 -w650 -p5 slip discard
11-14 tcpdunp bsdi ICMP K
MTU
DF 1 1 bsdi
2 DF 1 3
ICMP 4 DF 0
5 IP DF 1 IP
IP UDP
MTU bsdi ICMP*
K MTU 1P MTU 576 5
544 UDP 8 UDP 20 IP IP
572 2 6 106 UbDP 20 IP
7 DF 1 bsdi ICMP
IP IP MTU DF 1
19 20 7 19 IP 30
DF 1 MTU
30 RFC1191 10

ip_ire pathmu_ interval E4 Solaris 2.2
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9201)
0603)
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i p_path_ntu_di scovery

solaris.38196 > slip.discard: udp 650 (DF)
bsdi > solaris: icmp:
slip unreachable - need to frag, mtu

solaris.38196 > slip.discard: udp 650 (DF)
bsdi > solaris: icmp:
slip unreachable - need to frag, mtu

solaris.38196 > slip.discard: udp 650 (frag

solaris

> slip:

(frag 47942:1060552)

solaris.38196 > slip.discard: udp 650 (DF)
bsdi > solaris: icmp:
slip unreachable - need to frag, mtu

solaris.

solaris

solaris.

solaris

solaris
solaris

solaris.

solaris

solaris
solaris

solaris.

> slip:

38196 >
> slip:

.38196 >

> slip:

38196 >
> slip:

.38196 >

> slip:
38196 >

bsdi > solaris:
slip unreachable - need to frag, mtu

11-14

296

slip

solaris
solaris
solaris
solaris

11-15

11-16

.38196 >
> slip:
> slip:
> slip:

solaris

(frag 47944:1060552)

slip.discard: udp 650
(frag 47945:106R552)

slip.discard: udp 650
(frag 47946:106@552)

slip.discard: udp 650
(frag 47947:106@552)

slip.discard: udp 650
(frag 47948:106@552)

slip.discard: udp 650
icmp:

UDP MTU

576
sol ari s

t cpdunp

38196 > slip.discard: udp 650 (frag

(frag

(frag

(frag

(frag

(DF)

MTU

= 0 (DF)

= 0 (DF)
47942:552@0+)

= 0 (DF)
47944:552@0+)

47945:552@0+)

47946:552Q@0+)

47947:552@0+)

47948:552@0+)

= 0 (DF)

11-13
bsdi

slip.discard: udp 650 (frag 47942:272@0+)

(frag 47942:272@272+)
(frag 47942:8@544+)
(frag 47942:106@552)

dip
DF

bsdi

t cpdunp 6

11-15

DF 1
bsdi

ICMP*

MTU
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1 0.0 solaris.37974 > slip.discard: udp 650 (DF)
2 0.004199 (0.0042) bsdi > solaris: icmp:
slip unreachable - need to frag, mtu = 296 (DF)
3 4.950193 (4.9460) solaris.37974 > slip.discard: udp 650 (DF)
4 4.954325 (0.0041) bsdi > solaris: icmp: .
slip unreachable - need to frag, mtu = 296 (DF)
5 9.779855 (4.8255) solaris.37974 > slip.discard: udp 650 (frag 35278:272@0+)
6 9.930018 (0.1502) solaris > slip: (frag 35278:272@272+)
7 9.990170 (0.0602) solaris > slip: (frag 35278:114@544)
11-16 UDP MTU
11.9 UDP ARP
UDP UDP ARP
sock 8192 UDP
6 11.3 ARP
ARP
bsdi %arp -a ARP
bsdi %sock -u -i -nl -w8192 svr4 discard
ARP 1P 5
t cpdunp ARP
ARP
11-17 t cpdunp
1 0.0 arp who-has svr4 tell bsdi
2 0.001234 (0.0012) arp who-has svr4 tell bsdi
3 0.001941 (0.0007) arp who-has svr4 tell bsdi
4 0.002775 (0.0008) arp who~has svr4 tell bsdi
5 0.003495 (0.0007) arp who-has svr4 tell bsdi
6 0.004319 (0.0008) arp who-has svrd tell bsdi
7 0.008772 (0.0045) arp reply svrd is-at 0:0:c0:c2:9b:26
8 0.009911 (0.0011) arp reply svr4 is-at 0:0:c0:c2:9b:26
9 0.011127 (0.0012) bsdi > svr4: (frag 10863:800@7400)
10 0.011255 (0.0001) arp reply svrd is-at 0:0:c0:c2:9b:26
11 0.012562 (0.0013) arp reply svr4 is-at 0:0:c0:c2:9b:26
12 0.013458 (0.0009) arp reply svr4 is-at 0:0:c0:¢2:9b:26
13 0.014526 (0.0011) arp reply svr4 is-at 0:0:c0:¢2:9b:26
14 0.015583 (0.0011) arp reply svr4 is-at 0:0:c0:¢2:9b:26
11-17 8192 UbDP
ARP
6 ARP IP 6
ARP
ARP 7 9
5 ARP
ARP
ARP ARP flooding

Host Requirements RFC
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UDP
IP
4.3 ms 6 ARP
Host Reguirements RFC
7 6 ARP
ARP t cpdunp 5
svr4 ICMP* " ICMP 8-2
code 1
IP “ ”
0 30
60
ICMP Berkeley
ICMP
UDP ARP 5
1 ICMP
ICMP
TCP UDP
IP UDP ARP
UDP IP
NFS UDP 8192
ARP
NFS ARP IP
11.10 UDP
IP 65535 IP 3-1 16
20 IP 8 UDP
65507
socket API
UDP socket
UDP
8192 UDP 8192 NFS
TCP/IP P
65535
sock UDP Sun0S 4.1.3
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TCP/IP 1
IP 32767 BSD/386
Sun0S 4.1.3 Sun IP 32786 32758
Solaris 2.2 IP 65535
Solaris2.2 AlIX 3.2.2 IP 65535
3.2 576 P UDP
512
10.4 512
UDP DNS 14 TFTP 15 BOOTP 16 SNMP 25
IP
UDP
Berkeley socket API
4.3BSD Reno
SVR4 socket API( Solaris 2.x)
UDP
TLI API
TCP TCP
11.11 ICMP
UDP ICMP* (source quench)”
11-18 ICMP
bsdi SLIP
sun SLIP
bsdi sun 100 1024 solaris
bsdi %sock -u -i -wl024 -nl100 solaris discard
11-19 t cpdunp

26
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11 UDP
27
26+ 74x 2 =174
0 78 15 16 31
@ (0) T
8
B 1
/ P ) IP 8 /
11-18 ICMP
1 0.0 bsdi.1l403 > solaris.discard: udp 1024
26 lines that we don’t show
27 0.10 (0.00) bsdi.1403 > solaris.discard: udp 1024
28 0.11 (0.01) sun > bsdi: icmp: source quench
29 0.11 (0.00) bsdi.1403 > solaris.discard: udp 1024
30 0.11 (0.00) sun > bsdi: icmp: source quench
142 lines that we don’t show
173 0.71 (0.06) bsdi.1403 > solaris.discard: udp 1024
174 0.71 (0.00) sun > bsdi: icmp: source quench
11-19 sun ICMP
2.10 9600 b/s 1024
1 sun netb SLIP MTU 552 20+ 8 +
1024 11-19
sun 1 100
SLIP

RFC 1009 [Braden and Postel 1987]
Router Requirements RFC [Almquist 1993]

sock
UDP BSD
21.10 TCP
Unix time sock
0.5 11-19 0.71
100
100 e
UDP sock

100 26 74
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11.12 UDP
UDP
UDP
[Stevens 1990]
UDP
18.11 TCP
UDP
11.12.1 P
UDP IP IP UDP
UDP UDP
IP
UDP
11.12.2 IP
IP Host Requirements
RFC TFTP 12 15
TFTP
UDP IP
socket APl IP_RECVDSTADDR socket
BSD/386 4.4BSD AlX 3.2.2 SVR4 SunOS4.x Solaris2.x

11.12.3 UDP

1.8 UDP
UDP
UbDP
UDP UbP



Chinaspupecom

UDP

UDP

bsdi %sock -s -u -v
from 140.252. 13. 33,
from 140.252.13. 34

-S
-E P
256 -R
UDP 30
sun % sock -u -v 140.

UDP
bsdi sock

-E -R256 -P30 6666
to 140.252.13.63:
to 140.252.13.35

1111111111 sun
444444444444 4

-u UDP -v

30 sun

252.13.63 6666

connected on 140.252.13.33.1252 to 140.252.13.63.6666

1111111111 11
222222222 10
33333333333 12
140.252.13.63 svr4
svr4 %sock -u -v bsdi 6666
connected on 0.0.0.0.1042 to 140.252.13.35.6666
4444444444444 14
555555555555555 16
66666666 9
bsdi
sun 1 svr4 4 4
11-20 t cpdunp 6
sun svr 4
6 12 30
1 0.0 sun.1252 > 140.252.13.63.6666:
2 2.499184 (2.4992)  svrd4.1042 > bsdi.6666: udp 14
3 4.959166 (2.4600)  sun.1252 > 140.252.13.63.6666:
4 7.607149 (2.6480)  svr4.1042 > bsdi.6666: udp 16
5 10.079059 (2.4719)  sun.1252 > 140.252.13.63.6666:
6 12.415943 (2.3369)  svr4.1042 > bsdi.6666: udp 9
11-20 UDP t cpdunp
-E
UDP tcpdunp
ICMP
UDP FIFO 11.9

UDP
- P30

udp 11
udp 10

udp 12

ARP
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TCP/IP
LIFO
11.12.4 1P
UDP UDP P (wildcard)
UDP
777 UDP
sun %sock -u -s 7777
netstat
sun %netstat -a -n - i net

Active Internet connections (including servers)

Proto Recv-Q Send-Q Local Address Foreign Address (state)
udp 0 0 * 7777 * o *
-a
-n 1P DNS
-f inet TCP UDP
* 7777 IP
1P
IP IP UDP
sock IP IP
1P
sun %sock -u -s 140.252.1.29 7777
SLIP (140.252.1.29) net st at
Proto Recv-Q Send-Q Local Address Foreign Address (state)
udp 0 0 140.252.1.29.7777 *ox
bsdi 140.252.13.35
ICMP 11-21
1 0.0 bsdi.1723 > sun.7777: udp 13
2 0.000822 (0.0008) sun > bsdi: icmp: sun udp port 7777 unreachable
11-21 UDP
IP
sockets API SO REUSEADDR socket sock -A
sun 8888 5
sun % sock —u -s 140.252.1.29 8888 SLIP
sun % sock -u -s -A 140.252.13.33 8888
sun % sock -u -s -A 127.0.0.1 8888
sun % sock -u -8 -A 140.252.13.63 8888
sun % sock —u -s -A 8888 (P )
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UDP
-A
5 netstat
Proto Recv—-Q Send—-Q Local Address Foreign Address (state)
udp 0 0 *.8888 * %
udp 0 0 140.252.13.63.8888 * %
udp 0 0 127.0.0.1.8888 *x
udp 0 0 140.252.13.33.8888 *
udp 0 0 140.252.1.29.8888 *
IP
140.252.1.255 4 P
P
IP P
11.12.5 IP
netstat IP * x
IP UDP UDP
1P UDP sock - f
IP
sun % sock -u -s -f 140.252.13.35.4444 5555
IP 140.252.13.35 bsdi 4444
5555 net st at IP
Proto Recv-Q Send-Q Local Address Forei gn Address
udp 0 0 140.252.13. 33. 5555 140.252.13.35. 4444
1P
IP
P sun IP
140.252.13.33
11-22 UDP
locall P.Iport foreignlP.fport
locallP.Iport * locallP
* |port * * Iport
11-22 UDP IP
[port locallP IP
UDP
IP
11.12.6
RFC

(state)
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UbDP P UDP
IP
SunO0S 4.1.3 9999 IP

sun %sock -u -s 9999

-A
sun %sock -u -s 9999
can't bind | ocal address: Address already in use

sun %sock -u -s -A 9999 -A
can't bind | ocal address: Address already in use
12
UDP API -A
SO_REUSEADDR socket
4.4BSD socket SO _REUSEPCRT
UDP 1P IP
IP
1P UDP

11.13

uUDP RFC 768 [Postel 1980]

IP UDP
ICMP MTU 2.9
Traceroute UDP MTU UDP ARP
ARP ARP
IP ICMP
UDP ICMP
11.1 11.5 UDP 1473
|EEE 802
11.2 RFC 791[Postel 19814]
8

11.3 8192 UDP

11.4 MTU 552 SLIP




Wa-pwhm o 127

IP 8
115 UDP 4 1 2
3 4 10 UDP
4 60
3 4 1 2
4 IP
11.6 11-15 11-14 5 6
11.7 gem ni 33 net st at 48 000 000 IP
129 30 000 000 TCP TCP 20
18000 000 UDP UDP
11-4
11.8 IP e
IP
7.3 7.4 8.5

RFC 791
11.9 1-8 UDP UDP
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