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TCP/IP 1
‘ " RPC Sun RPC
(port mapper)
“ " Internet TCP UDP TI-
RPC TCP UDP TI-RPC
SVR4 Solaris2.2 rpcbind
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1) PMAPPROC SET RPC
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3) PMAPPROC_GETPORT RPC
4) PMAPPROC_DUMP
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1 TCP
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2) RPC TCP
UDP RPC
TCP UDP
RPC PMAPPROC_SET
3) RPC PMAPPROC_GETPORT
4) RPC 3 UDP
RPC 29-1 UDP UDP
RPC 29-2 UDP
TCP TCP TCP
RPC RPC
rpci nfo(8)
PMAPPROC _DUMP
sun % /usr/etc/rpcinfo —p
program vers proto port
100005 1 tcp 702 mountd NFS

100005 1 udp 699
100005 2 tep 702
100005 2 udp 699

mountd
mountd
mountd
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100003 2 udp 2049 nfs NFS
100021 1 tcp 709 nlockmgr NFS
100021 1 udp 1036 nlockmgr
100021 2 tcp 721 nlockmgr
100021 2 udp 1039 nlockmgr
100021 3 tep 713 nlockmgr
100021 3 udp 1037 nlockmgr
mount daemon TCP 702
UDP 699 lock manager
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NFS NFS
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2 NFS 32 3 64
Unix
i-node i-node
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29-5 Unix nmount (8) NFS
mount - @ mountd
}
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UDP
3) nount RPC
TCP UDP
UDP
sun
K ()
5) mount
RPC @
TCP UDP
UDP P @
NFS
6) usr
7) nmount mount
5
NFS
29-6 bsdi : / usr
sun I nf s/ bsdi / usr
mount
——nount -
sun NFS
sun # mount -t nfs bsdi:/usr /nfs/bsdi/usr
bsdi NFS Jusr /I nfs/bsdi/
usr 29-6
sun I nfs/ bsdi/usr/rstevens/ hello.c
bsdi lusr/rstevens/ hello.c
29.5.3 NFS
NFS 15 NFS
NFS
Unix Unix
[Stevens 1992] 4 Unix
NFS
1) GETATTR

2) SETATTR
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3) STATFS
df
4) LOOKUP
NFS
5) READ
8192
6) WRITE

7) CREATE
8) REMOVE
9) RENAME
10) LINK

11) SYMLINK

12) READLINK
13) MKDIR
14) RMDIR

15) READDIR
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TCP/IP 1
3) TCP keepalive
4) TCP 29-6
bsdi /usr smith Infs/bsdi/usr/rstevens
Infs/bsdi/usr/smith TCP
5) TCP “
TCP
6)
TCP
keepalive keepalive
TCP
TCP NFS
29.6 NFS
tcpdump NFS tcpdump
RPC 29-1 0 2049 UDP
NFS UDP RPC
29-2 1 2049 tcpdump NFS
29.6.1
cat(1) NFS
sun % cat / nfs/bsdi/usr/rstevens/hello.c
mai n()
{
printf("hell o, worl d\'p;
}
29-6 sun NFS Infs/bsdi/usr bsdi
NFS fusr sun
NFS 29-7 tcpdump
tcpdump NFS XID 1
2 XID Ox7aa6
Infs/bsdi/usr/rstevens/hello.c
Infs/bsdi/usr NFS
1 GETATTR lusr
RPC P UDP 104 2
OK IP UDP 96

NFS 100
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1 0.0 sun.7aa6é > bsdi.nfs: 104 getattr
2 0.003587 (0.0036) bsdi.nfs > sun.7aa6: reply ok 96
3 0.005390 (0.0018) sun.7aa7 > bsdi.nfs: 116 lookup "rstevens"
4 0.009570 (0.0042) bsdi.nfs > sun.7aa7: reply ok 128
5 0.011413 (0.0018) sun.7aa8 > bsdi.nfs: 116 lookup "hello.c"
6 0.015512 (0.0041) bsdi.nfs > sun.7aa8: reply ok 128
7 0.018843 (0.0033) sun.7aa%9 > bsdi.nfs: 104 getattr
8 0.022377 (0.0035) bsdi.nfs > sun.7aa%: reply ok 96
9 0.027621 (0.0052) sun.7aaa > bsdi.nfs: 116 read 1024 bytes @ 0
10 0.032170 (0.0045) bsdi.nfs > sun.7aaa: reply ok 140
29-7 NFS
3 LOOKUP rstevens 4 OK
LOOKUP rstevens
5 4 hello.c LOOKUP 6
7 9 Infs/bsdi/usr/rstevens/hello.c
LOOKUP
7 GETATTR 9 READ
0 1024 RPC READ
10 38 hello.c
RPC
open 3 RPC 3 1-6
read 7~10 NFS

29.6.2

NFS

sun % cd /nfs/bsdi/usr/rstevens
sun % mkdir Mai |

29-8 tcpdump
1 0.0 sun.7ad2 > bsdi.nfs: 104 getattr
2 0.004912 ( 0.0049) bsdi.nfs > sun.7ad2: reply ok 96
3 0.007266 ( 0.0024) sun.7ad3 > bsdi.nfs: 104 getattr
4 0.010846 ( 0.0036) bsdi.nfs > sun.7ad3: reply ok 96
5 35.769875 (35.7590) sun.7ad4 > bsdi.nfs: 104 getattr
6 35.773432 ( 0.0036) bsdi.nfs > sun.7ad4: reply ok 96
7 35.775236 ( 0.0018) sun.7ad5 > bsdi.nfs: 112 lookup "Mail"
8 35.780914 ( 0.0057) bsdi.nfs > sun.7ad5: reply ok 28
9 35.782339 ( 0.0014) sun.7adé > bsdi.nfs: 144 mkdir "Mail"
10 35.992354 ( 0.2100) bsdi.nfs > sun.7adé: reply ok 128

29-8 NFS cd NFS mkdir



Chinaspubecon

TCP/IP 1
GETATTR 1-4
GETATTR 5~6 LOOKUP 7~8
MKDIR 9-10 8 OK
tcpdump NFS OK
29.6.3
NFS NFS NFS NFS
(stateless)
NFS open close LOOKUP open
LOOKUP
29.6.4
NFS
sun NFS svrd /usr/share/lib/termcap
cat
NFS read 1024 29-9 tcpdump
1~10 29-7 11
READ 12 1024 129 1024
OK
130 131 132 133
65536 73728
Unix NFS 1/0
RPC 65536 8192 1024
73728 8192
130~168 169 168
NFS ARP 168 171
READ
129 171 5
1 65536
0.68, 0.87, 1.74, 3.48, 6.96, 13.92, 20.0, 20.0, 20.0 2
73728 NFS

0.875 20
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0.875,1.75,3.5,70 14.0

1 0.0 sun.7ade > svr4.nfs: 104 getattr

2 0.007653 ( 0.0077) svrd.nfs > sun.7ade: reply ok 96

3 0.009041 ( 0.0014) sun.7adf > svr4.nfs: 116 lookup "share”

4 0.017237 ( 0.0082) svr4.nfs > sun.7adf: reply ok 128

5 0.018518 ( 0.0013) sun.7ae0 > svrd4.nfs: 112 lookup "1lib"

6 0.026802 ( 0.0083) svrd4.nfs > sun.7ae0: reply ok 128

7 0.028096 ( 0.0013) sun.7ael > svr4.nfs: 116 lookup "termcap"
8 0.036434 ( 0.0083) svr4.nfs > sun.7ael: reply ok 128

9 0.038060 ( 0.0016) sun.7ae2 > svr4.nfs: 104 getattr

10 0.045821 ( 0.0078) svrd.nfs > sun.7ae2: reply ok 96

11 0.050984 ( 0.0052) sun.7ae3 > svrd4.nfs: 116 read 1024 bytes € 0
12 0.084995 ( 0.0340) svrd.nfs > sun.7ae3: reply ok 1124

128 3.430313
129 3.441828

130 4.125031
131 4.868593

132 4.993021
133 5.732217

134 6.732084 (
135 7.472098 (

136 10.211964
137 10.951960

138 17.171767
139 17.911762

140 31.092136
141 31.831432

(
(
(
(
142 51.090854 (
(
(
(

.0013) sun.7b22
.0115) svr4.nfs

.6832) sun.7b23
.7436) sun.7b24

.1244) sun.7b23
.7392) sun.7b24

.9999) sun.7b23
.7400) sun.7b24

.7399) sun.7b23
.7400) sun.7b24

.2198) sun.7b23
.7400) sun.7b24

.1804) sun.7b23
.7393) sun.7b24

.2594) sun.7b23
.7401) sun.7b24

.2594) sun.7b23
.7398) sun.7b24

svrd.nfs: 116 read 1024 bytes @ 64512
sun.7b22: reply ok 1124

svr4.nfs: 116 read 1024 bytes
svr4.nfs: 116 read 1024 bytes

svrd4.nfs: 116 read 1024 bytes
svr4.nfs: 116 read 1024 bytes |

svr4.nfs: 116 read 1024 bytes
svrd.nfs: 116 read 1024 bytes 73728

svrd.nfs: 116 read 1024 bytes 65536

@ 65536
e
e
¢
e
@
g
svrd.nfs: 116 read 1024 bytes @ 73728
@
e
e
d
@
@
@
@

73728

65536
73728

65536

—_~ e~ o~ o~

svr4.nfs: 116 read 1024 bytes 65536
svrd.nfs: 116 read 1024 bytes 73728

svr4.nfs: 116 read 1024 bytes 65536
svrd.nfs: 116 read 1024 bytes 73728

svrd.nfs: 116 read 1024 bytes 65536
svrd.nfs: 116 read 1024 bytes 73728

svr4.nfs: 116 read 1024 bytes 65536
svr4.nfs: 116 read 1024 bytes 73728

[

[

143 51.830939

144 71.090305
145 71.830155

[
OW OWYW OW O ONh OO OO0 OO OO0

VV VV VV VV VV VV VV VV VvyVv

167 291.824285 ( 0.7400) sun.7b24 > svr4.nfs: 116 read 1024 bytes @ 73728
168 311.083676 (19.2594) sun.7b23 > svrd.nfs: 116 read 1024 bytes @ 65536

169 311.149476
170 311.150004

171 311.154852

172 311.156671
173 311.168926

.0658) arp who-has sun tell svré
.0005) arp reply sun is-at 8:0:20:3:£6:42

,0048) svr4.nfs > sun.7b23: reply ok 1124

.0018) sun.7b25 > svrd.nfs: 116 read 1024 bytes @ 66560
.0123) svr4.nfs > sun.7b25: reply ok 1124

—~ e~ e~ -
o0 O OO

29-9 NFS
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29.6.5
RPC
Idempotent Procedure NFS 29-9
READ
RPC UDP
READ
READ
NFS N
N READ
NFS READ WRITE
NFS
REMOVE NFS OK
NFS NFS
NFS GETATTR STATES LOOKUP READ WRITE READLINK
READDIR CREATE REMOVE RENAME LINK SYMLINK
MKDIR RMDIR SETATTR
UDP NFS
NFS [Juszczak 1989]
UDP NFS
DNS DNS
29.7 3 NFS
1993 3 NFS [Sun Microsystem 1994] 1994
2 3 V2 V3
1) Vv2 32 V3 64
XDR 4
Unix 12
Unix
2)V2 READ WRITE RPC 8192 V3



China=pupscom

29
UDP IP 65535
3) READ WRITE 32 64
4) GETATTR
5) WRITE V2 WRITE WRITE
6) V3 STATFS ACCESS
MKNOD Unix READDIRPLUS
FSINFO FSSTAT
PATHCONF POSIX.1 COMMIT
29.8
RPC -
RPC
RPC RPC XDR
RPC
RPC Sun NFS
NFS UDP TCP 2 NFS 15
NFS
NFS
20.1 29-7 tcpdump NFS XID tcpdump
RPC
29.2 Unix RPC
29.3 RPC 1 5
1 4

29.4 29-9 NFS
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29.5 29-9 65536 168 171
66560 172 173 73728
167
29.6 NFS REMOVE
TCP UDP
29.7 NFS 2049
NFS

290.8 1023 1.9 NFS

NFS TCP N
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