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381 void cp-suore
382 tcp_quench(inp, errno)
383 struct inpcb *inp;
384 int errno;
385 {
386 struct tcpcb *tp = intotcpcb(inp);
387 if (tp)
388 tp->snd_cwnd = tp->t_maxseg;
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4.x BSD ( ) “ BSD '
Unix Unix
1-1 BSD TCP/IP



China=pupscom

1
( Telnet FTP)
4.2BSD (1983)
TCPIP
4.3BSD (1996)
TCP
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BSD
10(1989)  Nev1 4.3BSD Reno (1990)
TCP
/ SLIP
BSD
2.0(1991) Net/2
4.4BSD(1993)
4.4BSD-Lite(1994)
Net/3
1-1 TCP/IIP BSD
4.4BSD-Lite Net/3
U. C. Berkeley TCP/IP
SunOS 4.x \%
4(SVR4) AIX 3.2 TCP/IP
1-1 1 1982 4.1cBSD
1983 4.2BSD
4.1cBSD BSD TCP/IP Bolt Beranek and
Newman(BBN) Rob Gurwitz Jack Haverty [Salus 1994] 18
4.2BSD BBN TCP/IP
Ballistics Mike Muuss PDP-11 TCP/IP
[Karels and
McKusick 1986] 4.2BSD 4.3BSD [Jacobson 1990d]

4.3BSD Tahoe 4.3BSD Reno
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(Berkeley socket) 4.2BSD ( 1-1)
BSD Unix Unix AT&T
X/Open XTI(X/Open ) X/Open
XTI TLI
Net/3( BSD )
TCP/IP Unix TLI
[Stevens 1990]
4(SVR4) API
SVR4 “ " [Rago 1993]
1.5
C ( 1-2 BSD

1 /*

2 * Send a UDP datagram to the daytime server on some other host,

3 * read the reply, and print the time and date on the server.

4 */

5 #include <sys/types.h>

6 #include <sys/socket.h>

7 #include <netinet/in.h>

8 #include <arpa/inet.h>

9 #include <stdio.h>

10 #include <stdlib.h>

11 #include <string.h>

12 #define BUFFSIZE 150 /* arbitrary size */

13 int

14 main()

15 {

16 struct sockaddr_in serv;

17 char buff [BUFFSIZE] ;

18 int sockfd, n;

19 if ((sockfd = socket (PF_INET, SOCK_DGRAM, 0)) < 0)

20 err_sys ("socket error");

21 bzero((char *) &serv, sizeof(serv));

22 serv.sin_family = AF_INET;

23 serv.sin_addr.s_addr = inet_addr("140.252.1.32");

24 serv.sin_port = htons(13);

25 if (sendto(sockfd, buff, BUFFSIZE, 0,

26 (struct sockaddr *) &serv, sizeof(serv)) != BUFFSIZE)
27 err_sys("sendto error");

28 if ((n = recvfrom(sockfd, buff, BUFFSIZE, 0,

29 (struct sockaddr *) NULL, (int *) NULL)) < 2)
30 err_sys("recvfrom error");

31 buffin - 2] = 0; /* null terminate */
32 printf ("$s\n", buff);

33 exit (0); '

34 )

1-2 UDP /
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1
1
19-20 socket UDP sockfd
err_sys [Stevens 1992] B.2
vsprintf errno Unix
(1) 4.2BSD
API API (2) socket API
3 socket “ "
(4) socket
(5)
Y (6) IP IP
2. sockaddr _in
21-24 / IP (140.252.1.32)
(13) TCP/IP / 13 [Stevens 1994
1-9] e ( 1-17)
i net _addr IP ASCII 32
bit (Internet ) ht ons
( ) ( ) Sparc
ht ons 80386
BSD/386 ht ons 16 bit
3.
25-27 sendto 150
150
150 100~208
mbuf
1472
4.
28-32 recvfrom Unix
26
Sat Dec 11 11:28:05 1993\r\n
\'r ASCII \n ASCII
printf

socket sendto recvfrom
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1.6
Unix
Unix 7 50 4.4BSD 135 SVR4 120
Unix 2 C
Unix C
C
C
C
Unix 3
printf write
strepy( ) atoi( ASCII )
4.4BSD 1-2 socket
sendto recvfrom
BSD
SVR4 “ "
SVR4 socket open
/ dev/ udp socknmod sendt o
put msg recvfrom get nmsg SVR 4
AP
Net/1 send sendto
Net/3 send sendto

send(int s, char *msg, int len, int flags)

{
return(sendto(s, nsg, len, flags, (struct sockaddr *) NULL, 0));

}

send sendto
send
TCP/IP (socket bind
connect )
1.7
Net/3 4.4BSD
1) TCP/IP( )

2) XNS(Xerox ) TCP/IP 80
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Xerox ( ) Net/3
TCP/IP XNS
)
3) Osl [Rose 1990 Piscitello and Chapin 1993] 80
90
4) Unix
(IPC)
IPC Y IPC Unix
Unix API( )
IPC API TLI IPC API
/ Unix
e TCP
UDP
Unix IPC TCP/IP
7.
1-3 osl 6
[Piscitello Chapin 1994]
BSD (socket, bind, connect, etc.)
1)
bind 4.
(TCPIIP, XNS, OSI, Unix) 3
( SLIP ) 2
1
2) . 1-3 Net/3
(TCP/IP XNS OSlI Unix )
1-3 Internet
I1P( ) TCP UDP IP
3
1.8
1-2 socket Internet (PF_I NET)
(SOCK_DGRAM UDP
socket Uni x

read write dup fork
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fcntl col se
sendto recvfrom

exit)
socket
i -node v-node 1-4
wvnode({}
flle{}
proc{} -
fdi —
fdj — file{} —///////_> socket{)
1-4
C proc{}
struct proc {
}
[Stevens 1992 3.10 ] dup fork
v-node
socket
socket
a. out
( 0) ( 1) (
Net/3 0 1
socket 3
socket

p_fd filedesc

i-node
Uni x
Internet

2) 15
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fd ofileflags
fd ofiles
close-on-exec

Unix

8 bit

mapped-from-device

filedesc{)}

f_ofileflags
fd_ofiles

*file{)} (]

[0]: —
{11:
[2]:
[31:

fileops{}
soo_read fo_read
soo_write fo_write
soo_ioctl fo_ioctl file()}
soo_select | fo_select
soo_close fo_close
f_ops
inpcb(} inpcb{} - f_data
udb: | inp_next inp_next > f_type DTYPE_SOCKET
< |- inp_prev inp_prev socket{}
inp_faddr inp_faddr
inp_fport: inp_fport so_type SOCK_DGRAM
inp_laddr inp_laddr so_pcb
inp_lport inp_lport :
inp_socket inp_socket -

UDP Internet

1-5

vn_read
vn_write
vn_ioctl
vn_select
vn_close

fileops{()}

fo_read

fo_write

fo_ioctl

fo_select

fo_close

file()

vnode{}

socket

f_data

DTYPE_VNODE
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filedesc{}
fd_ofiles *File{}[] file
0 1 2 1-
5 0 1 2 file (
) 3 file
file f_type DTYPE_SOCKET DTYPE_VNODE v-
node —_—
( NFS) CD-ROM v-node
TCP/IP DTYPE_SOCKET
file f _data socket vnode
f_ops 5 read readv
wite witev ioctl select close
f _type
fileops
(fo_read)
(soo_read)
( fil edesc) ( file fileops)
socket DTYPE_SOCKET file
socket socket ( SOCK_DGRAM
so_type Internet (PCB) i npcb socket
so_pch i npcb i npcb i np_socket socket
1) sendt o fd ofiles
file file file socket
socket i npcb
2) UDP UDP
UDP 1P IP
inpch inp_socket socket
inp_faddr inp_Il addr IP inp_fport
i np_I port P
1-5 udb i npcb
UDP PCB i np_next inp_prev UDP
PCB
PCB i npcb i np_prev udb
i np_prev udb. i np_prev PCB inp_next
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1
PCB
1 socket ( 3)
socket
2) DTYPE_SOCKET file
socket i npch file
( socket )
socket
3) socket
file socket
1.9 mbuf
mbuf
( 1-2) mbuf 2
mbuf
1.9.1 mbuf
sendto 5 Internet ( serv) 6
( 16 )
( )
mbuf 1-6 mbuf
mbuf{}
A m_next NULL
m_nextpkt NULL
m_len ’ 16
20 — m_data
m_type MT_SONAME
m_flags 0
IP
128 16 sockaddr _i n{}
v
1-6 mbuf sendto
mbuf 20 mbuf 20
4 2 mbuf 128

mbuf m next m _next pkt
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mbuf
m dat a mouf m | en m dat a
mbuf ( mbuf )  mbuf 92 (108-16) ( 1-6
mtype mbuf MT_ SONAME( )
m f | ags
1.9.2 mbuf
sendto
mbuf sendt o (buff)
(150 1-7 150 mbuf
mbuf (} mbuf _ mbuf{} .
m_next m_next NULL
m_nextpkt NULL m_nextpkt NULL
m_len 100 m_len 50
m_data m_data
m_type MT_DATA m_type MT_DATA
m_flags M _PKTHDR m_flags 7]
m_pkthdr.len 150 b 1
m_pkthdr.rcvif |NULL mbuf
50
100
1-7 mbuf 150
mbuf mbuf m _next mbuf
mbuf  mbuf m_pkt hdr. | en
m _pkt hdr.rcvif mbuf
m f 1 ags M_PKTHDR mbuf len
mbuf ( 150) rcvif
mbuf 128 mbuf 100
mbuf 108 mbuf 150
208 3 mbuf oo
1024 2048
mbuf
mbuf m | en
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1
1.9.3 IP UDP
mbuf mbuf
( UDP ) UDP
mbuf 150 IP
UDP mbuf P
1-7 mbuf mbuf
100 mbuf mbuf 1-8 mbuf
mbuf{} mbuf mbuf{} mbuf mbuf {}
m_next m_next m_next NULL
m_nextpkt NULL m_nextpkt NULL m_nextpkt NULL
m_len 28 m_len 100 m_len 50
(— m_data m_data m_data
m_type MT_DATA m_type MT_DATA m_type MT _DATA
m_flags M_PKTHDR m_flags 0 m_flags 0
m_pkthdr.len [178 }mbuf =
m_pkthdr.rcvif |NULL
50
100
28 IP
UDP
1-8 1-7 mbuf IP UDP mbuf
IP UDP mbuf mbuf
( ) IP
IP UDP mbuf m dat a m | en
28 P 72
m _dat a m | en I P
100 mbuf mbuf
mbuf mbuf mbuf M _PKTHDR
mbuf mbuf
28 178
UDP UDP IP P
P P
UDP UDP mbuf 150
150
mbuf UDP
UDP 1P mbuf P
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1.9.4 |IP
( IP ) P
mbuf
1.9.5
32 IP 48
ARP( ) ARP
mbuf
14 mbuf
( 1'8) 6 6 2
mbuf
mbuf
mbuf
192 14 20 P
ubP 150 mbuf
mbuf mbuf
1.9.6 UDP
1-9 sendto UDP
( 13

sendto

} (150 ) mbuf
UDP
P

} (ARP)

1-9 UDP

ARP
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1
UDP IP
mbuf mbuf
UDP UDP
mbuf
recvfrom
( )
1.10
1.10.1
mbuf{}
m_next NULL
m_nextpkt NULL
mbuf 54 m_len 54
mbuf 20 IP tm_data
m_type MT_DATA
8 ubP 26 ( m_flags M_PKTHDR
) 1-10 mbuf m_pkthdr.len |54
mbuf (m flags m_pkthdr.rcvif
M _PKTHDR) mbuf . } 16
| en 20 IP
. 8 UDP
revif 2%
( 3 ) revif
( 1-7 1-8)
mbuf 16
1-10 mbuf
mbuf 54 84
mbuf
IP mbuf
1P IP
1.10.2 IP
P
IP IP
IP
IP IP IP IP
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( P IP )
IP IP
IP ICMP IGMP TCP UDP
UDP UDP
1.10.3 UDP
uDP uUDP ( )
23
uUbDP P
UDP udb( 1-5) UDP
(inp_Il port) UDP
PCB socket i np_socket
23.3
UDP
) PCB
i np_|I port
UDP P UDP
mbuf mbuf ( 26 ) 1-11
mbuf
mbuf{} mbuf .mbuf{)} .
— | m_next m_next ) NULL
m_nextpkt NULL m_nextpkt NULL
m_len 16 m_len - 26
— m_data m_data :
. m_type MT_SONAME (— m_type. MT_DATA
m_flags 0 m_flags - M_PKTHDR
16 sockaddr _i n{} m_pkthdr.len |26
IP m_pkthdr.rcvif
}44 ()
N
| | } % ()
1-11
mbuf(MT_DATA ) 1-10 mbuf m | en
m_pkt hdr. | en 28 (20 IP 8 UDP ) m dat a
28 IP UDP 26
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1
mbuf 16 Internet
UDP MT_ SONAME 1-6 mbuf mbuf
recvform recvnsg
mbuf (16 )
( Ml SONAME MT_DATA)
(
sel ect SI Gl O
1.10.4
recvfrom UDP
26 ( ) mbuf
recvform 5 6
IP UDP recvfrom
mbuf(  1-11) mbuf 26 recvfrom 1-
11 mbuf mbuf
1.11 ()
1-12 1-12 1-3
Internet spl net splinp

(socket queues)

(interface queues)

3

@pl net

(TCP, UDP, IP, ICMP, IGMP)

1-12

@pl i mp
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( SLIP
(protocol queue) IP
XNS osl

1.12

1.10

PPP )

1-13 8

spl 0

Spl sof t cl ock
spl net
spltty

spl bio
splinm
spl cl ock
spl hi gh

spl x(s)

( )

1-13

[Leffler et al. 1989] 4-5 VAX

1-13 8
spl hi gh

spl softcl ock spl net

imp IMP( )

spl0 !

splnet

spltty

386 Net/3
spl cl ock

ARPANET

1-14

(IP

~

SLIP

splimp

step 1

1-14
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1) spl 0
splinm
2)
spl net

3)

4) (
/ (spltty)

5) SLIP

6) SLIP

1-13

SLIP

( 1P

Net/3

struct nbuf *m
int s;
s = splinmp ();
| F_DEQUEUE (& pintrg, m;
spl x(s);
if (m==0)
return;

splimp CPU

(i pintrq)

s( splimp )

splinp
splinmp splx

spl net
SLIP )
(spl net)
1P

splinmp splnet

S
mbuf

spl

spl x

splnet

spl x

| F_DEQUEUE
m
CPU

spl x

(splim)

IP

spl x

P
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struct mbuf *m;
int s;

s = splimp();

/*
* Queue message on interface, and start output i1f interface not active.
*/
if (IF_QFULL(&ifp->if_snd)) ¢{
IF_DROP(&ifp->if_snd); /* queue is full, drop packet */
splx(s);
error = ENOBUFS;
goto bad;
}
IF_ENQUEUE(&ifp->if_snd, m); /* add the packet to interface queue */
if ((ifp->if flags & IFF_OACTIVE) == 0)
(*ifp->if_start) (ifp); /* start interface */
splx(s);
spl
1.13
1-15 Net/3 lusr/srcl/sys
(4386 > Intel 80x86
(netceitt) -HDLC, X.25
Cnetinet> TCPIP
1-15 Net/3
neti net TCP/IP kern net

TCP/IP
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1
*i 386 80x86 i 386/i sa ISA
i 386/ st and
ekern fork exec
( 1-3)
* net BPF(BSD ) SLIP
enetccitt OSl HDLC( ) X.25

eneti net Internet

*netiso OSl

*netns (Xerox)XNS

enfs SUN

*SYys
/usr/include/sys

eufs Unix

°evm
1-16

netinmp nfs

IP ICMP IGMP TCP UDP

net ns/ neti so/ kern/
(XNS) (0sl) (Unix )
6000 26 000 750

500 1750

1-16

1.14

1-17

250 2000 1000

Net/3
C
netns netiso Internet

vangogh



Chinaspupecom

TCP/IP 2
IP B 140.252 .tuc. noao. edu (noao “
" tuc Tucson) svr4.tuc. noao.
edu IP 140.252.13.34
vangogh. cs. ber kel ey. edu Internet
1 sun netb
PPP SLI P Net/3 BSD/386 V1.1 Net/2
4.4BSD-Lite
vangogh
‘les.sz.ss.s
|
CoP
]
AIX 322 Solaris 2.3 SunOS 4.1.3 11041
f s Cisco
aix solaris gemini gateway
T.1.92 T.1.32 T.1.11 T.1.4
|.1183
netb NetBlazer
modem!
PPP
modem
BSD/386 1.1 BSD/386 1.1 Solaris 2.3 |.1.29 SVR4
SLIP
slip 13.65 13.66 bsdi sun svrd
T.13.35 T.13.33 T.13.34
1-17
1.15
Net/3 ( 1-2— UDP
mbuf
IP mbuf
sendt o UDP 1P
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23

spl
Net/3

1.1 ( 1-2)

trace (SunOS4.x) truss (SVR4) ktrace (4.4BSD)

12 112 | F_DEQUEUE splinp
SLIP



2 mbuf
2.1
( ) (
)
1 Net/3 mbuf * memory buffer”
mbuf
mbuf mbuf
mbuf mbuf
2-1 mbuf m fl ags
M PKTHDR M _EXT 2-1 mbuf
1) m fl ags 0 mbuf mbuf 108 (m dat )
m_dat a 108 m_dat a
m | en m dat a
1-6 mbuf
2-1 m_hdr 20
4 2 2-1
4 2
2) mbuf m fl ags M_PKTHDR
mbuf mbuf 8
100 mbuf ( m_pkt dat ) 1-10 mbuf
m_pkt hdr. | en mbuf
m next mbuf m_| en 1-8
m_pkt hdr. rcvi f i fnet ( 3-
6)
3) mbuf ( K_PKTHDR) 208
( M_EXT) mbuf
 — 2-1 Net/3 1024
2048 mbuf ( 100
108 ) mbuf m dat a
Net/3 1024 ( ) 2048

Chinaspub.com
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2 mbuf
1024 2048
( 1500 ) 27.5 Net/3
TCP TCP 1024
1500 [Mogul 1993 15-15]
1024 /
1024
2048 2048
mbuf {} mbuf{} mbuf(} .mbuf(}
m_next h
m_nextpkt
0-108 0-100 208-2048 208-2048 |m_len m_hdr {}
’ 20
= — (—— = m_data ( )
MT_xxx MT xxx MT xxx (_ MT xxx m,_type
0 | |MpxmHDR | MEXT | || MP K’;{’f m_flags )
. . m_pkthdr.len pkt hdr {}
B m_pkthdr.revif 8 )
T ‘ h;ext .ext_buf
v v : m_ext .ext_free TIZeXt { %
2048 2048 m_ext.ext_size
108 100
m dat m pkt dat
2048
2048 ( )
( )
2-1 mfl ags mbuf
“ (cluster)” MCLBYTES
(1024 2048) MCLGET MCLALLOC
MCL FREE “© mbuf
M _EXT “ " [Leffler et al. 1989] (mapped
page) 2.9
mbuf m_| en 209
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208 208 mbuf mbuf
100 mbuf 108 208
4) mbuf 208
M _PKTHDR M _EXT
2-1
« mbuf 128 2-1 mbuf m_ext
88 (128-20-8-12)
. ( UDP) mlen 0O
. mbuf m dat a (mbuf
mbuf {} mbuf mbuf{} mbuf mbuf {}
m_next m_next m_next NULL
tm_nextpkt m_nextpkt NULL m_nextpkt NULL
m_len 42 m_len 100 m_len 50
tm_data tm_data Hn _data
m_type MT_DATA m_type MT._DATA m_type MT_DATA
m_flags M_PKTHDR m_flags 0 m_flags 0
m_pkthdr.len |192 mbuf
m_pkthdr.rcvif |NULL
50
100
IP
TCP
mbuf{} mbuf mbuf{}
\K_’. m_next m_next NULL
m_nextpkt NULL m_nextpkt NULL
m_len 54 m_len 1460 2048
tm_data m_data 7
- |m_type MT _HEADER m_type MT_DATA
m_flags M_PKTHDR m_flags M_EXT
m_pkthdr.len 1514 mbuf
m_pkthdr.rcvif |NULL
m_ext.ext_buf A
m_ext.ext_free
P m_ext.ext_size|2048
TCP

2-2

192

1514
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mbuf
. mbuf (m ext . ext _buf) (m ext . ext _size)
2048 m data m ext.ext buf (
) m _dat a m_ext ext _free
Net/3
. m _next mbuf ( ) mbuf 1-8
. m_next pkt ( ) mbuf
mbuf mbuf mbuf
mbuf mbuf m_next pkt e
mbuf m_next pkt
2-2 1-8
UDP ( 14 mbuf
IP ) TCP 1460 TCP
mbuf IP TCP
(m_dat a)
Net/3 M_EXT mbuf
m_ext mbuf pkt hdr
UDP mbuf MT_DATA TCP
mbuf MT_HEADER UDP TCP
mbuf
mbuf m fl ags M_PKTHDR
mbuf (Net/3 mbuf 2-1)
Net/1 mbuf [Leffler et al. 1989 p.290] Net/2
m fl ags m act m_next pkt
mbuf
mbuf UDP TCP UDP M_PREPEND
( 23-15 23.1) TCP MGETHDR( 26-25)
2.2
mbuf C mbuf mbuf
2-3
sys/ mbuf . h mbuf mbuf
kern/ ui pc_nbuf.c mbuf
2-3
2.2.1

2-4
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mbst at struct mbstat| mbuf ( 2-5)
2-4
2.2.2
nbst at 2-5

nmbst at
mclfree
m cl usters
m drain drain
m_dr ops ( )
m _mbuf s ( ) mbuf
m m ypes|[ 256] mbuf MT _ Xxx
m _spare ( )
m wai t ()

2-5 nbst at mbuf
netstat -m 2-6
m clusters(34) mclfree (32— (20 mclusters(34)
mbuf (99x 128 ) (34x 2048
) 1024 mbuf (99x 128 ) (2x 2048
(80 ) 100
netstat -m output mbstat member

99 mbufs-in use:
1 mbufs allocated to data
43 mbufs allocated to packet headers
17 mbufs allocated to protocol control blocks
20 mbufs allocated to socket names and addresses
18 mbufs allocated to socket options

m_mtypes [MT_DATA]
m_mtypes [MT_HEADER]
m_mtypes [MT_PCB]
m_mtypes [MT_SONAME]
m_mtypes [MT_SOOPTS]

2/34 mapped pages in use (see text)
80 Kbytes allocated to network (20% in use) (see text)
0 requests for memory denied m_drops
Q requests for memory delayed m _wait
0 calls to protocol drain routines m_drain
2-6  mbuf
2.2.3
mbuf Net/3 (
nmbst at) ( net st at
kvm( 3)

/[ dev/ mem

)
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2 mbuf
2.3 mbuf
mbuf 2-7 MCLBYTES
/usr/include/ machi ne/ param h nbuf. h
( )
MCLBYTES 2048 mbuf  ( )
MHLEN 100 mbuf
MINCLSIZE 208
MLEN 108 mbuf
MSIZE 128 mbuf
2-7 nbuf. h mbuf
2.4 mbuf
2-8 mbuf
mbuf.h

60 /* header at beginning of each mbuf: */

61
62
63
64
65
66
67
68

69
70
71
72
73

74
75
76
77
78
79

80
81
82
83
84
85
86
87
88
89
20
91
92

struct m_hdr {
struct mbuf *mh_next; /*
struct mbuf *mh_nextpkt; /*
int mh_len; /*
caddr_t mh_data; /*
short mh_type; /*

short mh_flags; /*
}:

next buffer in chain */

next chain in queue/record */
amount of data in this mbuf */
pointer to data */

type of data (Figure 2.10) */
flags (Figure 2.9) */

/* record/packet header in first mbuf of chain; valid if M_PRTHDR set */

struct pkthdr {
int len; /*
struct ifnet *rcvif; /*

};

/* description of external storage
struct m_ext {
caddr_t ext_buf; /*
void (*ext_free) (); /*

u_int ext_size; /*
}:

total packet length */
receive interface */

mapped into mbuf, valid if M_EXT set */

start of buffer */
free routine if not the usual */
size of buffer, for ext_free */

struct mbuf {
struct m_hdr m_hdr;
union {
struct {
struct pkthdr MH_pkthdr; /* M_PKTHDR set */
union {
struct m_ext MH_ext; /* M_EXT set */
char MH_databuf [MHLEN] ;.
} MH_dat;
} MH;
char M_databuf [MLEN] ; /* 'M_PKTHDR, !M_EXT */
} M_dat;

}:
2-8

niouf
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93
94
95
96
97
98
99
100
101
102
103

#define m_next
#define m_len
#define m_data
#define m_type
#define m_flags
#define m_nextpkt
#define m_act
#define m_pkthdr
#define m_ext
#define m_pktdat
#define m_dat

m_hdr.mh_next
m_hdr.mh_len
m_hdr.mh_data
m_hdr.mh_type
m_hdr.mh_flags
m_hdr.mh_nextpkt
m_nextpkt
M_dat.MH.MH_pkthdr
M_dat.MH.MH_dat.MH_ext
M_dat.MH.MH_dat.MH_databuf
M_dat.M_databuf

mbuf
M PKTHDR M EXT
93-103 11

#defi ne

mbufh
28 ()

m_hdr

nmbuf

Net/3

mbuf

mbuf
2-9

m_next pkt
mbuf
m | en
m f | ags

mbuf mbuf

mbuf

m_next
mbuf
| en

m | en m_pkt hdr .

m fl ags

M_BCAST /
M_EOR
M_EXT
M_MCAST /
M_PKTHDR ()

mubf ( )

mbuf

M_COPYFLAGS

M_PKTHDR/M_EOR/M_BCAST/M_MCAST

Internet ( TCP)

OSl XNS

2-10
mbuf
1-6

sendto mtype

MT_xxx

2-9 mflags

M_EXT M _PKTHDR M _EOR mbuf

TCP

mubf M _BCAST M _MCAST

( 13
M_COPYFLAGS mbuf
m type mbuf
mbuf

mbuf

MT_ SONANE
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mbuf
2-10 mbuf Net/3 (MT_HTABLE)
TCP/IP MT_ OOBDATA OSl XNS
TCP (out-of-band) ( 29.7 )
mbuf
Mbuf m_type Net/3 TCP/IP
MT_CONTROL . M_MBUF
MT_DATA . M_MBUF
MT_FREE M_FREE
MT_FTABLE . M_FTABLE
MT_HEADER . M_MBUF
MT_HTABLE IMP M_HTABLE
MT_I1FADDR M_| FADDR
MT_OOBDATA ( ) M_MBUF
MT_PCB M_PCB
MT_RIGHTS M_MBUF
MT_RTABLE M_RTABLE
MT_SONAME . M_MBUF
MT_SOOPTS . M_SOOPTS
MT_SOCKET M_SOCKET
2-10 mtype
M_Xxx mbuf
60 M_XxX mal | oc MALLOC
2-6 netstat -m mbuf MT_xxx
vmstat -m M_xxx
mbuf (128 ) mbuf —_—
108 Net/3 mbuf TCP ( 24
) mbuf MT_PCB 4.4BSD 108
140
2-10 MT_PCB mbuf 2-6
Unix mbuf mbuf
Internet
2.5 mbuf
mbuf ( mbuf mbuf )
M
m_ -
C ( )
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251 m_get
2-11 mbuf m_get MGET
uipc_mbuf.c
134 struct mbuf * pe_mbuf.
135 m_get (nowait, type)
136 int nowait, type;
137 {
138 struct mbuf *m;
139 MGET (m, nowait, type);
140 return (m);
141
! uipc_mbuf.c
2-11 mget mbuf
Net/3 ANSI C ANSI C
Net/3 ANSI C <sys/ nbuf. h>
struct nbuf *maget(int, int);
nowai t M WAI T M DONTWAI T
mbuf sendt o ( 1-6)
M WAI T
mbuf ( 1-10) M_DONTWAI T
mbuf
2.5.2 MGET
2-12 MGET MGET sendto ( 1-6)
mbuf
MET(m MWAIT, MI_SONAME) ;
if (m== NULL)
r et ur n( ENOBUFS) ;
154 #define MGET(m, how, type) { \ mbuf.h
155 MALLOC((m), struct mbuf *, MSIZE, mbtypes[typel, (how)); \
156 if (m) { \
157 (m)->m_type = (type); \
158 MBUFLOCK (mbstat .m_mtypes[typel]++;) \
159 (m) ->m_next = (struct mbuf *)NULL; \
160 (m) ->m_nextpkt = (struct mbuf *)NULL; \
161 (m) ->m_data = (m)->m dat; \
162 (m)->m_flags = 0; \
163 } else \
164 (m) = m_retry({(how), (type)); \
165 }
mbuf.h

2-12 MET
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mbuf
M WAI T 2-13 mbuf
154-157 MGET MALLOC
mbt ypes mbuf MI_xxx M xxx ( 2-10) m type
158 mbuf 1(nbst at) MBUFLOCK
( 1-13) nmbstat. m_
mypes[type] ++ mbuf
C ++ D ()] 1 (3
77 MGET 1 2
78) MEET mbuf
77 1(78) MGET 3
(78) 79 78
159-160 mbuf m next m next pkt
mbuf
161-162 108 mbuf 0
163-164 mretry( 2-13) M WAI' T
M_DONTWAI T
253 mretry
2-13 mretry
92 struct mbuf * ulpc_mbuf.c
93 m_retry(i, t)
94 int i, t;
95 {
96 struct mbuf *m;
97 m_reclaim();
98 #define m_retry(i, t) (struct mbuf *)0
99 MGET(m, i, t);
100 #undef m_retry
101 return (m);
102 }
uipc_mbuf.c
2-13 mretry
92-97 mretry m reclaim 7.4
“ drain” m reclaim 10-32
IP drain P IP TCP dran
UDP drain
98-102 m recl aim
MGET mbuf MGET( 2-12) mretry
MGET m
mretry MGET mretry
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MGET
2.5.4 mbuf
spl 2-12 VBUFL OCK
MALLOC splinmp spl x
MFREE mbuf
mbuf MCLALLOC MCLFREE splinm spl x
MGET
m get spl
2.6 m.devget mpullup
IP ICMP IGMP UDP TCP m _pul | up
( ) mbuf
mbuf m_pul | up
m_devget nm od dtom
Net/3  mbuf
2.6.1 m devget
m_devget mbuf
( ) 4
mbuf 2-14
mbuf {} mbuf{}
m_next NULL m_next NULL
m_nextpkt NULL m_nextpkt NULL
m_len 52 m_len 85
lm_data m_data
m_type MT_DATA m_type MT_DATA
m_flags M_PKTHDR m_flags M_PKTHDR
m_pkthdr.len 52 m_pkthdr.len 85
m_pkthdr.rcvif |ptr m_pkthdr.rcvif [ptr

< 100

85<

2-14 mdevget mbuf
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2 mbuf
mbuf {} mbuf mbuf{)}
m_next m_next NULL
m_nextpkt NULL m_nextpkt NULL
m_len 100 m_len 4
m_data tm_data
m_type MT DATA m_type MT_DATA
m_flags M_PKTHDR m_flags 0
m_pkthdr.len 104 4
m_pkthdr.rcvif |ptr
100
(1P )
101< < 207
2-15 mdevget 3 mbuf
1) 2-14 mbuf 0~84 mbuf{}
m_next NULL
52 m_nextpkt NULL
20 P 32 m_len 1500
m_data
TCP ( 20 TCP m_type MT DATA
12 TCP ) TCP m_flags M_PKTHDR | M_EXT
m_pkthdr.len 1500
m devget mbuf IP m_pkthdr.rcvif |ptr
m | en 28 20 IP [— m_ext .ext_buf
8 UDP 0 UDP m_ext. ext_f:iree NULL
m_ext.ext_size|2048
m_devget mbuf 16 y
14
14
mbuf
icmp_reflect
tcp_respond mbuf
mbuf
81 208< < 2048
16 28
16 1500
14 mbuf ¢ 1P )
1P
2) 85~100
mbuf 16 2-16 mdevget 4  mbuf
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m_pkt dat
2-14
m devget
100

mbuf
3) 2-15

mbuf

3 mbuf
mbuf  (
mbuf 104
16
2-16
(M NCLBYTES)
1024

4) m_devget mbuf

mbuf

2.6.2 nmod dtom

mbuf . h

((t) ((m)->m_data))
((struct mbuf *) ((int) (x) &

") mbuf

nod dtom

#define mtod(m,t)
#define dtom(x)

nmt od(“ mbuf

struct mbuf *m;
struct ip *ip;

ip = mtod(m, struct ip *);
ip->ip_v = IPVERSION;
mbuf (m_dat a) ip C
IP c )
( 2-14  2-15) (
mbuf” ) mbuf

mbuf
dt om ("
mbuf
struct mbuf *m;
struct ip *ip;
m = dtom(ip) ;
mbuf
mbuf MSI ZE
mbuf
dt om
mbuf dtom

m_pul | up
2.6.3 m_pullup

m pul l up (IP
(m_ | en) (

m_pul lup

mbuf
20)

mbuf

ICMP

85
101~207
mbuf)
mbuf

208

1500
M_EXT

mbuf

~(MSIZE-1)))

mbuf
2-16)

mbuf

MSI ZE(128) 2
dt om

2-16

IGMP UDP TCP)
IP 20 UDP 8 TCP
mbuf
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mbuf
m_pul | up mbuf N mbuf N
100( MHLEN) N
mbuf ntod dtom
IP
if (m->m_len < sizeof(struct ip) &&
(m = m_pullup(m, sizeof(struct ip))) == 0) {
ipstat.ips_toosmall++;
goto next;
J?.p = mtod(m, struct ip *);
mbuf 20( IP ) m pul lup m pul [ up
(1) mbuf MGET (2) mbuf
( N 20)
m _pul | up IP 1 IP
mbuf 20
m _pul | up ( C && mbuf
) 2-14~ 2-16
mbuf IP 100
60 IP 40 TCP ( —ICMP IGMP
UDP—— 40 ) mbuf (
) mbuf
(m_len ) m_pul [ up mbuf
MPFai | m_pul | up
1 Net/3 2700 IP MPFai | 9
i pstat.ips_toosmall 9 (ICMP IGMP UDP
TCP ) m_pul | up 0 m_pul | up
IP
2.6.4 mpullup IP
m_pul | up IP TCP IP 296
IP IP mbuf
2-16 mbuf 296 2-
17
IP IP IP
( IP
10 ) IP
2-17 IP
( ) mbuf
dt om mbuf IP

m dat a
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2-17
mbuf{}

m_next NULL
m_nextpkt NULL
m_len 296
m_data

(—— m_type MT_DATA
m_flags M_PKTHDR |M_EXT
m_pkthdr.len 296
m_pkthdr.rcvif (ptr
m_ext .ext_buf

[_ m_ext.ext_free|NULL

2048

ext_si

2-17 296 IP
IP
m pul | up 20 IP mbuf
if (m->m_flags & M_EXT) {
if ((m = m_pullup(m, sizeof(struct ip))) == 0) {
ipstat.ips_toosmall++;
goto next;
ip = mtod(m, struct ip *);
}
2-18 m _pul | up mbuf m_pul | up
mubf 40 mbuf 40
20 IP ( ICMP IGMP
UDP TCP) 40( 7-17 max_pr ot ohdr)
20 IP 20 TCP (
oSl )
2-18 IP mbuf IP
dt om mbuf
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mbuf
mbuf {} mbuf {}
m_next m_next NULL
m_nextpkt NULL m_nextpkt NULL
m_len 40 m_len 256
rm_data rm_data
m_type MT_DATA r_ m_type MT_DATA
m_flags M_PKTHDR m_flags M_EXT
m_pkthdr.len 296
m_pkthdr.rcvif ptr
(—nm_ext.ext_buf
- P IP IP > m_ext.ext_free|NULL
m_ext.ext_size|2048
2048
2-18 mpul | up 296 |IP
2.6.5 TCP m_pul | up
TCP m pul | up m pul | up
mbuf TCP
1 19 TCP ( 512
) ( 90% 10 )
TCP IP 2-14 (
mbuf ) 2-16 ( ) TCP
TCP P P
TCP IP IP
mbuf ( 2-17)
27.9 TCP mbuf TCP
mbuf m _pul | up
P mbuf ( 2-18) dt om
1P 27.9

tcp_reass
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2.6.6 m pul lup
m_pul | up
. IP mbuf
(IP ICMP IGMP UDP TCP) m pul | up
m _pul | up IP m pul | up
1
. IP IP m _pul | up
m _pul 1 up 208
. TCP P TCP
m _pul | up IP TCP
2.7 mbuf
mbuf 2-19 2-20 2-19
#defi ne
mbuf
mbuf Net/3
MCLGET ( ) m mbuf (m_dat a)
mbuf M_EXT
voi d MCLGET(struct mbuf * m, int nowait);
MFREE m mbuf  m ( M_EXT) 1
o( 2.9 ) m (' m
->m_next ) n
void MFREE(struct nbuf *m, struct nbuf *n);
MGETHDR mbuf MGET( 2-12)
M_PKTHDR (m dat a) 100
voi d MGETHDR(struct nbuf *m int nowait, int type;
MH_ALI GN mbuf m dat a mbuf I en
void MH_ALI G\(struct nmbuf *m, int len);
M_PREPEND m mbuf len mbuf (m dat a)
I en (m_l en) len mbuf
m _next m mbuf m mbuf
len mbuf ( MH_ALI GN) mbuf
mbuf mbuf mbuf
voi d M PREPEND(struct mbuf *m, int len, int nowait);
dtom mbuf X mbuf
struct nbuf *dton{void *x);
m od m mbuf type
type ntod(struct mbuf ni type);

2-19

mbuf
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mbuf

m_adj m nbuf len len
mbuf len mbuf len
void madj (struct nmbuf *m, int len);
m cat n mbuf m nmbuf IP ( 10
)
void mcat (struct nmbuf *m, struct nbuf *n);
m_copy m_copym 4 M _DONTWAI T
struct nmbuf * mcopy(struct mbuf *m, int offset, int len);
m_copydat a m mbuf len cp mbuf
offset
void m copydata(struct mbuf *m, int offset, int len, caddr_t cp);
m_copyback cp len m mbuf mbuf
offset mbuf mbuf
voi d m copyback(struct mbuf *m, int offst, int len, caddr_t cp);
m_copym mbuf m mbuf offset len
mbuf len M_COPYALL
mbuf offset 2.9
struct nmbuf *m copyn(struct nmbuf *m, int offset, int len, int nowait);
m devget mbuf len
revif len ifp copy ( buf ) mbuf
copy bcopy off 0
2.6
struct nmbuf *mdevget(char *buf, int len, int off, struct ifnet *ifp,
void (*copy) (const void *, void *, u_int));
m free MFREE
struct nmbuf *mfree(struct nmbuf * m);
m freem m mbuf
void mfreen(struct nbuf *m);
m_get MGET 2-12
struct mbuf *m get(int nowait, int type);
m getclr MGET mbuf 108
struct nmbuf *m.getclr(int nowait, int type);
m_get hdr MGETHDR
struct nmbuf *mgethdr(int nowait, int type);
m_pul | up m mbuf len
mbuf nt od len
2.6
struct mbuf mpullup(struct mbuf m, int len);
2-20 mbuf
nowait M WAI T M DONTWAIT type 2-10 MT_ XXX
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M_PREPEND 1-7 1-8 IP UDP
mbuf ( 1-8
2-2) mbuf
M copydat a caddr _t “ "
<sys/types. h> char *
mmap 4.4BSD SVR4
caddr _t
2.8 Net/3
Net/3 Net/3
( <sys/ queue. h>)
1) mbuf m_next mbuf
2) mbuf mbuf mbuf m_next pkt
2-21
sockbuf{} mbuf{} mbuf{}
m_next m_next NULL
/—m_nextpkt m_nextpkt [ NULL
sb_mb -
mbuf {} mbuf {} mbuf{}
m_next m_next m_next NULL
m_nextpkt | NULL m_nextpkt |NULL m_nextpkt |NULL
2-21 mbuf
mbuf mbuf
UDP
TCP ( mbuf
mbuf)
mbuf mbuf
m_next mbuf mbuf
m_next pkt
3) mbuf
2-22 ( 3-13) 2-2
2-21

4)
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2 mbuf
mbuf{} mbuf{}
head m_next m_next NULL
tail - Fm_nextpkt m_nextpkt |NULL
mbuf{} mbuf {} mbuf {}
m_next m_next m_next NULL
m_nextpkt (NULL m_nextpkt |NULL m_nextpkt |NULL
2-22
2-23 IP ( 10 ) (22 )
TCP ( 279 )
\— next next next +—
—  prev prev prev f—
2-23
mbuf——
next previous
next previous
( )
i nsque renmqmue( 10-20)
2.9 m.copy
mbuf
10 mbuf 1024 mbuf 100 8
108 60 10 mbuf
1024 mbuf
(2048 + 128) 2176 1280 1 (10x 128)
mbuf TCP m_copy



China=pubecom

TCP/IP 2
write 4096 TCP
4096 2048
TCP mbuf
2-24 t cp_out put socket sockbuf
mbuf so_snd. sb_nmb
socket {} mbuf {}
m_next NULL
f m_nextpkt NULL
so_snd.sb_mb m_len 2048
tm_data
(] m_type MT_DATA
m_flags M_PKTHDR |M_EXT
m_pkthdr.len 2048
m_pkthdr.rcvif |NULL
m_ext.ext_buf
[__ m_ext.ext_free|NULL
m_ext.ext_size|2048
Y
- 2048
2048
2-24 2048 TCP
) TCP (MSS) 1460 tcp_out put
1460 IP TCP mbuf
(16 mbuf P mbuf
2-25
1.9 UDP UDP mbuf mbuf
UbDP mbuf TCP
TCP
t cp_out put m _copy 1460
m _copy mbuf(  2-25 )
( ) mbuf
1460 588 mbuf 1514
IP
2-25 mbuf
mbuf m_copy mbuf mbuf
mbuf mbuf



China=pubecom

2048

TCP

TCP

2 mbuf
m_pkt hdr. 1 en
socket {} mbuf{}
4 m_next NULL
m_nextpkt NULL
m_len 2048
m_data
m_type MT_DATA
m_flags M_PKTHDR | M_EXT
m_pkthdr.len [2048
m_pkthdr.rcvif (NULL
< m_ext.ext_buf
(— m_ext.ext_free|NULL
m_ext.ext_size|2048
y '
- 2048
2048
mbuf{} mbuf {}
. m_next m_next NULL
m_nextpkt NULL m_nextpkt NULL
m_len 54 m_len 1460
m_data m_data
m_type MT_HEADER m_type MT_DATA
m_flags M_PKTHDR m_flags M_PKTHDR | M_EXT
m_pkthdr.len 1514 m_pkthdr.len 2048
m_pkthdr.rcvif |NULL m_pkthdr.rcvif |[NULL
< HE [T m_ext .ext_buf
m_ext.ext_free|NULL
P m_ext.ext_size|2048
TCP

2-25 TCP

2-25
m freem

mbuf

mbuf

mbuf

mbuf

mbuf
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mbuf 1
TCP
mbuf{} mbuf {)

m_next m_next NULL
m_nextpkt NULL m_nextpkt NULL

m_len 2048 m_len 2048
m_data m_data
m_type MT _DATA m_type MT_DATA
m_flags %—§§%HDR I m_flags %—E.}I‘;%HDR l

m_pkthdr.len 2048
m_pkthdr.revif |NULL

m_ext .ext_buf
{ m_ext .ext_free|NULL

m_ext T 2048

%*2

1460
588 .
mbuf {} mbuf(}

m_next +——| |- m_next E
m_nextpkt NULL m_nextpkt NULL
m_len 54 m_len 588
m_data m_data
m_type MT_HEADER MT_DATA
m_flags M_PKTHDR M_EXT
m_pkthdr.len 1514
m_pkthdr.rcvif |NULL

| m_ext.ext_buf
m_ext.ext_free|NULL
P m_ext.ext_size|2048
TCP

2-26 1460 TCP

588
1460 IP ( 26

mbuf TCP mbuf
t cp_out put

m_pkthdr.len 2048

m_pkthdr.rcvif |NULL

m_ext.ext_buf

m_ext.ext_free|NULL

m_ext.ext

ize|2048

N

2048

mbuf{}

A —»{m_next

NULL

m_nextpkt

NULL

872

\ m_len
m_data

m_type

MT_DATA

m_flags

m_ext .ext_buf

M_EXT

m_ext.ext_free

NULL

m_ext.ext_size

2048

mbuf
t cp_out put
t cp_out put
2048
1460 mbuf
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m_copy 1460 (1460
2-26 mbuf ( mbuf
P TCP )
1460 588
mbuf 1460 m_copy
2-26 mbuf
m_copy mbuf
mbuf sosend
m_copy
2.10
mbuf
Van Jacobson [Partridge 1993] Internet
mbuf [Jacobson 1993]
mbuf
mbuf
mbuf VAX-11/780 4
mbuf mbuf [Hutchinson and Peterson 1991]
2.11
mbuf
mbuf
M_PKTHDR M_EXT 4 mbuf

. mbuf 0~108

. mbuf 0~100

. ( )

. ( )

mbuf mbuf
mbuf

m devget

)

872

2-19

1460

mbuf

2-20
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m _pul | up mbuf
mbuf ( ) m_copy TCP
21 2-9 M_COPYFLAGS M_EXT
2.2 2.6 m pul | up
( B
2.3 dt om 2.6 e
mbuf

24 mbuf 2 ( 1024 2048)

Net/3 ( B)

25 2-5 m drops m wait mbuf
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3.1
Net/3
( )
Net/3
(best-effort)
Net/3
1) AMD 7990 LANCE
2) IP(SLIP)
3)
3.2
C
C 8 3-1
sys/ socket. h
net/if.h
net/if_dl.h
kern/init_main.c
net/if.c
net/if_loop.c
net/if_sl.c SLIP
hp300/dev/if_le.c LANCE
31
3.2.1
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pdevi ni t struct pdevinit] SLIP
i fnet struct ifnet * i fnet
ifnet_addrs struct ifaddr **
i f_indexlim i nt i fnet _addrs
i f_index int
i f gmax! en int
hz int (7))
3-2
3.2.2 SNMP
Net/3
(SNMP MIB-I11) TCP/IP
RFC 1213 [McCloghrie and Rose 1991] SNMP MIB-II 3-3
SNMP
System
Interfaces
Address Translation ( )
IP IP
ICMP ICMP
TCP TCP
UDP UDP
EGP EGP
Transmission
SNMP SNMP
3-3 MIB-II SNMP
Net/3 SNMP Net/3 SNMP
SNMP 2.2
Net/3 MIB-I1 SNMP
MIB-II (1)
(2 (3)
ISODE Net/3 SNMP ISODE B
3-4 SNMP 4-7
SNMP Net/3
i f Number if_index + 1 i f_index
0 1 i f Number

3-4

SNMP

10
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3.3 ifnet
i fnet
i fnet i fnet
3-5 ifnet{}
3-5 3 i faddr ;
N[
N
Internet QOSI ifaddr(} -
Internet OSI 7
N
Internet ifaddr{}
oSl ( 35 ) :L?
i fnet ( 3-5 35 i fnet
) i faddr
Net/3
Internet
Net/2
P
i fnet
L]
L[]
L]
L]
L]
3-6 i fnet
ifh
80 struct ifnet {
81 struct ifnet *if_next; /* all struct ifnets are chained */
82 struct ifaddr *if_addrlist; /* linked list of addresses per if */
83 char *if name; /* name, e.g. ‘le’ or ‘lo’ */
84 short if unit; /* sub-unit for lower level driver */
85 u_short if_ index; /* numeric abbreviation for this if */
86 short if_flags; /* Figure 3.7 */
87 short if_timer; /* time ’'til if_watchdog called */
88 int if_pcount; /* number of promiscuous listeners */
89 caddr_t if_bpf; /* packet filter structure */ fh
if.
3-6 ifnet
80-82 if _next i fnet i f_attach
i f_addrlist i faddr ( 3-16)

i faddr
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83-86 if_name

SLI P
if_unit O 1 if_index

if_unit
sysct |

P

if_flags
7 ”
SI OCSI FFLAGS

if_unit
i f_name “ sl”

( 19.14 )
SLIP

i f_index
3-
4.4 S| OCGI FFLAGS

if_flags

IFF_BROADCAST
IFF_MULTICAST
IFF_POINTOPOINT
I1FF_LOOPBACK
IFF_OACTIVE
IFF_RUNNING
IFF_SIMPLEX

IFF_LINKO
IFF_LINK1
IFF_LINK2

IFF_ALLMULTI
IFF_DEBUG
IFF_NOARP
IFF_NOTRAILERS
IFF_PROMISC
IFF_UP

ARP

37 if_flags

| FF_BROADCAST | FF_PO NTOPO NT

| FF_CANTCHANGE

(I FF_LI NKx)

87 if _tinmer

3.BSD
88-89

BPF BPF 31

i fnet

i f_pcount

“ ”

SLIP

i f_wat chdog

i f_bpf BSD (BPF) BPF

3-8
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. ifh
90 struct if_data {
91 /* generic interface information */
92 u_char ifi_type; /* Figure 3.9 */
93 u_char ifi_addrlen; /* media address length */
94 u_char ifi_hdrlen; /* media header length */
95 u_long ifi_mtu; /* maximum transmission unit */
96 u_long ifi_metric; /* routing metric (external only) */
97 u_long ifi_baudrate; /* linespeed */

138 #define if_mtu if_data.ifi_mtu

139 #define if_type if_data.ifi_type

140 #define if_addrlen if_data.ifi_addrlen
141 #define if_hdrlen if_data.ifi_hdrlen
142 #define if_metric if_data.ifi_metric
143 #define if_ baudrate if_data.ifi_baudrate

ifh
3-8 ifnet
Net/3 138 ~143 #defi ne i fnet
4,
90-92 if_type 3-9 net/if_types.h
if_type
if_type
IFT_OTHER
IFT_ETHER
IFT_15088023 |EEE 802.3 (CSMA/CD)
IFT_1S088025 |EEE 802.5
IFT_FDDI
IFT_LOOP
IFT_SLIP P
39 if_type
93-94 if_addrlen if_hdrlen
6 14 ( 4-8)
95 if _mu
1500
96-97 if_nmetric 0 i f_baudrate
SLIP
3-10 i fnet
5
98-111

if _collisions 1 if_noproto
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IP osl ) IP SLIP
if_noproto 1

98 /* volatile statistics */

99 u_long ifi_ipackets; /* #packets received on interface */
100 u_long ifi_ierrors; /* #input errors on interface */

101 u_long ifi_opackets; /* #packets sent on interface */

102 u_long 1ifi_oerrors; /* #output errors on interface */

103 u_long ifi_collisions; /* #collisions on csma interfaces */
104 u_long ifi_ibytes; /* #bytes received */

105 u_long 1ifi_obytes; /* #bytes sent */

106 u_long ifi_imcasts; /* #packets received via multicast */
107 u_long ifi_omcasts; /* #packets sent via multicast */

108 u_long ifi_igdrops; /* #packets dropped on input, for this
109 interface */
110 u_long ifi_noproto; /* #packets destined for unsupported
111 protocol */

112 struct timeval ifi_lastchange; /* last updated */
113 } if_data;

144 #define if_ipackets if_data.ifi_ipackets

145 #define if_ierrors if_data.ifi_ierrors

146 #define if_opackets if_data.ifi_opackets

147 #define if_oerrors 1if_data.ifi_oerrors

148 #define if_collisions if_data.ifi_collisions
149 #define if_ibytes if_data.ifi_ibytes

150 #define if_obytes if_data.ifi_obytes

151 #define if_imcasts if_data.ifi_imcasts

152 #define if_omcasts if_data.ifi_omcasts

153 #define if_iqdrops if_data.ifi_igdrops

154 #define if_noproto if_data.ifi_noproto

155 #define if_lastchange if_data.ifi_lastchange

3-10 i fnet
Net/1 i fnet
SNMP MIB-I1
i f_iqdrops SLI P | F_DROP SLIP
if snd.ifq drops ( 3-13) 1 SNMP
i fg_drops BSD ISODE SNMP i f_iqgdrops
if_snd.ifqg_drops
6.
112-113 if _| astchange
Net/3 144 155 #defi ne i fnet

i fnet 3-11
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ifh
114 /* procedure handles */
115 int (*if_init) /* init routine */
116 (int);
117 int (*if_output) /* output routine (enqueue) */
118 {(struct ifnet *, struct mbuf *, struct sockaddr *,
119 struct rtentry *); )
120 int (*if_start) /* initiate output routine */
121 (struct ifnet *);
122 int (*if_done) /* output complete routine */
123 (struct ifnet *); /* (XXX not used; fake prototype) */
124 int (*if ioctl) /* ioctl routine */
125 (struct ifnet *, int, caddr_t);
126 int (*1f_reset)
127 (int) ; /* new autoconfig will permit removal */
128 int (*1f_watchdog) /* timer routine */
129 (int); .
ifh
3-11 i fnet
7.
114-129 i fnet 7
3-12
Net/3 [* XXX */
i f_done
Net/3
if_init
i f _out put
if_start
i f_done ( )
if_ioctl 1/0
if_reset
i f _wat chdog
3-12 i fnet
4 SLIP i fnet
ifp i fnet
(*ifp->if_start)(ifp)
if_start
i fnet 3-13
130-137 if_snd i fnet
i fg_head ( ) ifg_tai
if _len i fg_maxl en

50( i fgmax! en
| FQ_MAXLEN ) mbuf i fq_drops
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3-14

130
131
132
133
134
135
136
137

struct ifqueue {
struct mbuf *ifg head;
struct mbuf *ifg tail;
int ifq len;
int ifg maxlen;
int ifq drops;

} if_snd;

/*
/*
};

/* current length of gueue */
/* maximum length of queue */

packets dropped because of full queue */
output queue */

3-13

i fnet

ifh

I F_

QFULL ifq

int |F_QFULL(struct if

queue *ifq);

I F_

DROP | F_DROP ifq

void | F_DROP(struct if

ifg_drops 1

gueue *ifq);

I F_

ENQUEUE m

ifq
voi d | F_ENQUEUE( st ruct

mbuf

i f queue *ifq,

m_next pkt

struct mbuf *m);

I F_

PREPEND m

ifq
voi d | F_PREPEND( st ruct

i f queue *ifq,

struct mbuf *m);

I F_

DEQUEUE ifq

voi d | F_DEQUEUE( st ruct

m

i f queue *ifq,

m

struct nbuf *m);

if

gf l ush ifq

voidif_qgflush(struct

i fqueueify);

S

3-14 fiqueue

net/if.h

= splimp();

if (IF_QFULL(ing)) {

IF_DROP(inqg);
m_freem(m);

} else

IF_ENQUEUE(ing, m);

splx(s);

TCP
splinmp splx

m freem
spl x

spl x
m freem

| F_DROP

mbuf
m freem

i f_qgflush net/if.c

/* queue is full, drop new packet */

/* there is room, add to end of queue */

ifg_drops 1

( UDP)

splinm
(25 )
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3
3.4 ifaddr
i faddr 3-15
i faddr
i faddr
TCP/IP Net/3
TCP/IP
: ifh
217 struct ifaddr {
218 struct ifaddr *ifa_next; /* next address for interface */
219 struct ifnet *ifa_ifp; /* back-pointer to interface */
220 struct sockaddr *ifa_addr; /* address of interface */
221 struct sockaddr *ifa_dstaddr; /* other end of p-to-p link */
222 #define ifa broadaddr ifa_dstaddr /* broadcast address interface */
223 struct sockaddr *ifa_netmask; /* used to determine subnet */
224 void (*ifa_rtrequest) (); /* check or clean routes */
225 u_short ifa_flags; /* mostly rt_flags for cloning */
226 short ifa_refcnt; /* references to this structure */
227 int ifa_metric; /* cost for this interface */
228 };
ifh
3-15 i faddr
217-219 i faddr i fa_next ifnet(}
if_next ... »>
) . . if_addrlist—
i fnet ifa ifp 3-16
i fnet ifaddr
220 ifa_addr ifaddr{}
ifa_net mask M- ifa ifp
. ifa_next —
i fa_addr
1
kaddr 1faddr ()
0 soc N ifa_ifp
(35 ) 3-38 ifa_next
IP IP
221-223 i fa dstaddr(
i fa_broadaddr)
( ) i fnet
| FF_BROADCAST | FF_PO NTOPOI NT )
- - 3-16 i fnet i faddr
( 37)
224-228 ifa_rtrequest ifa_flags ifa_netric
ifa refcnt i faddr | FAFREE 0
S| OCDI FADDR oct | i faddr
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i faddr | FAFREE 1
| FAFREE i fafree
3.5 sockaddr
Net/3 sockaddr
3-17 BSD —_— osockaddr 3-18
socket.h
120 struct sockaddr {
121 u_char sa_len; /* total length */
122 u_char sa_family; /* address family (Figure 3.19) */
123 char sa_datal[l4]; /* actually longer; address value */
124 };

271 struct osockaddr {

272 u_short sa_family; /* address family (Figure 3.19) */
273 char sa_datal[l4]; /* up to 14 bytes of direct address */
274 };
socket.h
3-17 sockaddr osockaddr
( family
sockaddr{(}|len data
11 14
osockaddr{}| family data
2 14
3-18 sockaddr osockaddr ( sa )
sa_
1. Sockaddr
120-124 Net/3 sockaddr
sa_len (OSI  Unix ) sa_famly
3-19 (address family)
AF_UNSPEC sockaddr
sa len sa famly sockaddr
sa_data sa_dat a 14
sockaddr sa_data 253 sa_len
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3
sa_| en .
sa_famly
sa famly 256
AF_INET Internet
C AF_1S0,AF_0SI osl
AF_UNIX Unix
AF_ROUTE
sockaddr AF_LINK
. AF_UNSPEC ( )
sa_len sa famly
sa_data sa_data 3-19 safamly
6
Internet sockaddr _in IP
2. Osockaddr
271-274 osockaddr 4.3BSD Reno sockaddr
oSl
oSl Net/3 sockaddr
osockaddr
3.6 ifnet ifaddr
i fnet ifaddr
i fnet ifaddr
i fnet ifaddr
i fnet
( ) 3-20 i fnet
le_softc(0]:
ifnet(} arpcon(}
le_softc()
sl_softc[0]:
SLIP }“"“” s1_softc()
loif:
}ifnot{}
3-20 i f net
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TCP/IP 2
i fnet
ifnet{}
i fnet o
3-20 SLIP r ;_
Sof tc 0 ifaddr{) —
< sockaddr_dl{)
arpcom( 3-26) sockaddr_4a1{}
(ARP)
e N
l e_softc( 3-25) LANCE ifaddr{} |
Internet
in ifaddr()}.
. .
i faddr
. . ( —
in_ifaddr (6.5 ) osl ifaddr{) ——l
i so_i faddr osl 1
iso_ifaddar{}
~
i faddr 3-21 Internet
sockaddr_dl oSl
) sockaddr _dI 0Osl ARP
3-21 Internet (0N 3.11
(i faddr sockaddr | d )
3.7
SLIP
pdevi ni t pdevi ni t ( 3-22)
struct pdevinit pdevinit[] = {
{ slattach, 1 },
{ loopattach, 1 },
{0, 0}
};
P device.h
120 struct pdevinit {
121 void (*pdev_attach) (int); /* attach function */
122 int pdev_count; /* number of devices */
123 };
device.h
3-22 pdevi ni t
120-123 SLIP pdevi nit pdev_attach
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slattach | oopattach attach pdev_count

SLIP
mai n 3-23

SLIP

init_main.c

70 main(framep)
71 void *framep;

72 {
96 cpu_startup() /* locate and initialize devices */
*
172 /* Attach pseudo-devices. (e.g., SLIP and loopback interfaces) */
173 for (pdev = pdevinit; pdev->pdev_attach != NULL; pdev++)
174 (*pdev->pdev_attach) (pdev->pdev_count);
175 /*
176 * Initialize protocols. Block reception of incoming packets
177 * until everything is ready.
178 */
179 s = splimp();
180 ifinit () ; /* initialize network interfaces */
181 domaininit(); /* initialize protocol domains */
182 splx(s);
231 /* The scheduler is an infinite loop. */
232 scheduler() ;
233 /* NOTREACHED */
234 } .. ,
init_main.c
3-23 nmain
70-96 cpu_startup
97-174 pdevi ni t pdev_attach

175-234 ifinit domaininit
ifinit domaininit 7
SLIP
3.8

cpu_startup

schedul er

3-24
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I fnet if_attach LANCE | eat t ach
3-25 le_softc SLIP sl attach
i fnet ( 3-20) | oopattach
1l.le_softc 3-24
69-95 if_le.c le_softc (
NLE ) sc_ac arpcom
sc_if sc_addr i fnet
arpcomsc_ac) 3-26
if le.c
69 struct le_softc {
70 struct arpcom sc_ac; /* common Ethernet structures */
71 #define sc_if sc_ac.ac_if /* network-visible interface */

72 #define sc_addr sc_ac.ac_enaddr /* hardware Ethernet address */

95 } le_softc([NLE];

if le.c
3-25 e softc
if_etherh
95 struct arpcom {
96 struct ifnet ac_if; /* network-visible interface */
97 u_char ac_enaddr[6]; /* ethernet hardware address */
98 struct in_addr ac_ipaddr; /* copy of ip address - XXX */
99 struct ether_multi *ac_multiaddrs; /* list of ether multicast addrs */
100 int ac_multicnt; /* length of ac_multiaddrs list */
101 }; s
if_ether.h
3-26 ar pcom
2.arpcom
95-101 arpcom ac_if i fnet 3-20 ac_enaddr
cpu_startup LANCE
| eattach ( 3-27) ac_i paddr
IP 6.6
IP 6.3 ac_nultiaddrs ether_multi
ac_rmul ticnt 12
3-27 LANCE
106-115 LANCE | eattach
hp_devi ce HP
HP
e i fnet ( 320 ifp sc_if

i fnet 3-27
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106 leattach (hd)
107 struct hp_device *hd;

if le.c

108 {
109 struct lereg0 *ler0;
110 struct lereg2 *ler2;
111 struct lereg2 *lemem = 0;
112 struct le_softc *le = &le_softclhd->hp_unit];
113 struct ifnet *ifp = &le->sc_if;
114 char *Cp;
115 int i;
126 /*
127 * Read the ethernet address off the board, one nibble at a time.
128 */
129 cp = (char *) (lestd[3] + (int) hd->hp_addr);
130 for (i = 0; 1 < sizeof(le->sc_addr); i++) {
131 le->sc_addr([i] = (*++cp & OXF) << 4;
132 Cp++;
133 le->sc_addr[i] |= *++cp & OxF;
134 Cp++;
135 }
136 printf("le%d: hardware address %s\n", hd->hp_unit,
137 ether_sprintf(le->sc_addr));
150 ifp->if_unit = hd->hp_unit;
151 ifp->if_name = "le";
152 ifp->if_mtu = ETHERMTU;
153 ifp->if_init = leinit;
154 ifp->if_reset = lereset;
155 ifp->if_ioctl = leioctl;
156 ifp->if_output = ether_output;
157 ifp->if_start = lestart;
158 ifp->if_flags = IFF_BROADCAST | IFF_SIMPLEX | IFF_MULTICAST;
159 bpfattach(&ifp->if_bpf, ifp, DLT_EN10MB, sizeof (struct ether_header));
160 if_attach(ifp); .
161 return (1);
162 }
if le.c
3-27 | eattach
3.
126-137 LANCE (4 bit)
sc_addr( sc_ac.ac_enaddr— 3-26)
| estd hp_addr hp_addr
LANCE
printf
4, i fnet

150-157 leattach hp_device

if _unit
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if _name “ |e” if _mu 1500 (ETHERMTU)
if init if_reset if_ioctl if_ output it _start
41
158 | FF_BROADCAST LANCE
| FF_SI MPLEX | FF_MULTI CAST
159-162 bpfattach BPF 31-8 if_attach
i fnet (3.11 )
3.9 SLIP
SLIP cpu_startup mai n
SLIP pdevinit pdev_attach sl attach SLIP
SLIP 3-28 sl _softc
if_slvar.h
43 struct sl_softc {
44 struct ifnet sc_if; /* network-visible interface */
45 struct ifqueue sc_fastq; /* interactive output queue */
46 struct tty *sc_ttyp; /* pointer to tty structure */
47 u_char *sc_mp; /* pointer to next available buf char */
48 u_char *sc_ep; /* pointer to last available buf char */
49 u_char *sc_buf; /* input buffer */
50 u_int sc_flags; /* Figure 3.29 */
51 u_int sc_escape; /* =1 if last char input was FRAME_ESCAPE */
52 struct slcompress sc_comp; /* tcp compression data */
53 caddr_t sc_bpf; /* BPF data */
54 }; )
if_slvarh
3-28 sl _softc
43-54 sl _softc i fnet
i fnet SLIP sc_fastq
sc_ttyp sc_buf sc_ep SLIP
sc_np
SLIP 4 3-29
sc_softc
SC_COWPRESS sc_if.if_flags | FF_LI NKO TCP
SC_NO CWP sc_if.if_flags I FF_LI NK1 ICMP
SC_AUTOCOWP sc_if.if_flags I FF_LI NK2 TCP
SC_ERROR sc_flags
3-29 SLIP if _flags sc_flags
SLIP ifnet 3
sl _softc
sc_escape IP (5.3 ) TCP (29.13 )
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sc_conp
sc_bpf SLIP BPF
sl _softc slattach 3-30
135-152 | eattach sl attach
sl attach SLIP cpu_startup
mai n pdev_attach SLIP
if _nmu 296 (SLMTU) 20 P 20 TCP 256
(5.3 )
135 void fslc
136 slattach()
137 {
138 struct sl_softc *sc;
139 int i=0;
140 for (sc = sl_softc; i < NSL; sc++) {
141 sc->sc_if.if_name = "sl";
142 sc->sc_if.if_next = NULL;
143 sc->sc_if.if_unit = i++;
144 sc->sc_if.if_mtu = SLMTU;
145 sc->gc_if.if_flags =
146 IFF_POINTOPOINT | SC_AUTOCOMP I IFF_MULTICAST;
147 sc->sc_if.if_type = IFT_SLIP;
148 sc->sc_if.if_ioctl = slioctl;
149 sc->sc_1if.if_output = sloutput;
150 sc->sc_if.if_snd.ifg maxlen = 50;
151 sc->sc_fastqg.ifq _maxlen = 32;
152 if_attach(&sc~->sc_if);
153 bpfattach(&sc->sc_bpf, &sc->sc_if, DLT_SLIP, SLIP_HDRLEN);
154 }
155 } .
if sl.c
3-30 sl attach
SLIP slattach if_flags
| FF_POI NTOPOI NT SC_AUTOCOMP | FF_MJULTI CAST
SLIP if_snd 50 sc_fastq
32 3-42 if_snd 50(i f gmax!| en)
ifinit (
3-42)
if_attach i fnet slattach sc_if
if _attach sc_if sl _softc ifnet
sl attach ( /[etc/netstart)
i oct | (5.3 ) SLIP
153-155 SLIP sl attach bpfattach BPF

3.10
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mai n pdevi nit pdev_attach
| oopattach 3-31 | oopattach
if loop.c
41 void f toop
42 loopattach(n)
43 int n;
44 {
45 struct ifnet *ifp = &loif;
46 ifp->if_name = "lo";
47 ifp->if_mtu = LOMTU;
48 ifp->if_flags = IFF_LOOPBACK | IFF_MULTICAST;
49 ifp->if_joctl = loioctl;
50 ifp->if_output = looutput;
51 ifp->if_type = IFT_LOOP;
52 ifp->if_hdrlen = 0;
53 ifp->if_addrlen = 0;
54 if_attach(ifp);
55 bpfattach(&ifp->if_bpf, ifp, DLT NULL, sizeof(u_int));
56 } .
if_loop.c
3-31
41-56 if_ntu 1536 (LOMTU) if_flags | FF_LOOPBACK
| FF_MJLTI CAST if_hdrlen if_addrlen
0 if_attach i fnet bpfattach BPF
MTU 1576(40 + 3x 512) TCP/IP Solaris 2.3
MTU 8232(40 + 8x 1024) I nternet
40
3.11 if_attach
i f_attach i fnet
i f_attach
3-32 if_attach
ifnet: le_softc[0]: sl_softci0]: loif:
L T ifnet{} ifnet(} ifnet{} T
arpcom{)} 8l_softc() )
ifnet_addrs: le_softc(}
ifaddr(} 1faddr{} ifaddr{}

By

sockaddr_dl1{}

sockaddr_dil{}

sockaddr_dl{}

sockaddr_d1{}

sockaddr_di{}

sockaddr_dl(}

3-32

i fnet
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3-32 i f_attach l e_softc | eattach
sl _softc sl attach i fnet
| oopattach i fnet i fnet
i faddr ( sockaddr _dlI 3-33)
i fnet_addrs
if dLh
55 struct sockaddr_dl {
56 u_char sdl_len; /* Total length of sockaddr */
57 u_char sdl_family; /* AF_LINK */
58 u_short sdl_index; /* if 'Y= 0, system given index for
59 interface */
60 u_char sdl_type; /* interface type (Figure 3.9) */
61 u_char sdl_nlen; /* interface name length, no trailing 0
62 reqgd. */
63 u_char sdl_alen; /* link level address length */
64 u_char sdl_slen; /* link layer selector length */
65 char sdl_data[l2]; /* minimum work area, can be larger;
66 contains both if name and 11 address */
67 }; )
68 #define LLADDR(s) ((caddr_t) ((s)->sdl_data + (s)->sdl_nlen)) if dlh
- if_dl.
3-33 sockaddr_dl
3-20 Il e_softc[0] sl _softc[0]
IP i fconfig
6.6 )
( | e0
bit ) ARP OSl sockaddr _dlI
i faddr
(ifa_ifwithnet  6-32)
sockaddr _dlI 3-33
55-57 3-18 sdl _len sdl _famly
AF LI NK
58 sdl _i ndex 3-32 1 SLIP
2 3 i f_index
60 sdl _type i fnet if_type
61-68 i fnet if _name if_unit
SLIP “ sl Q" “ sl 1"
sdl _dat a sdl _nl en ( SLIP 3)
LLADDR sockaddr _d
sdl _al en
48 bit sockaddr _dlI 3-38

sockaddr _dI

48
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Net/3 sdl _sl en
if_attach i f_index
i fnet _addrs i faddr
i f_attach 3-34 5
59-74 if_attach ifp i fnet
Net/3 i fnet i fnet
whi |l e P
i fnet i fnet if_index 1 ifp
->i f_index
if.c

59 void f

60 if_attach(ifp)

61 struct ifnet *ifp;

62 {

63 unsigned socksize, ifasize;

64 int namelen, unitlen, masklen, ether_output();

65 char workbuf[12], *unitname;

66 struct ifnet **p = &ifnet; /* head of interface list */

67 struct sockaddr_dl *sdl;

68 struct ifaddr *ifa;

69 static int if_indexlim = 8; /* size of ifnet_addrs array */

70 extern void link_rtrequest();

71 while (*p) /* find end of interface list */

72 p = &((*p)->if_next);

73 *p = ifp;

74 ifp->if_index = ++if_index; /* assign next index */

75 /* resize ifnet_addrs array if necessary */

76 if (ifnet_addrs == || if_index >= if_indexlim) {

77 unsigned n = (if_indexlim <<= 1) * sizeof(ifa);

78 struct ifaddr **q = (struct ifaddr **)

79 malloc(n, M_IFADDR, M _WAITOK);

80 if (ifnet_addrs) {

81 becopy ( (caddr_t) ifnet_addrs, (caddr_t) q, n / 2);

82 free((caddr_t) ifnet_addrs, M_IFADDR);

83 }

84 ifnet_addrs = q;

85 } s

if.c
3-34 if _attach

1 i fnet_addrs

75-85 if_attach i fnet_addrs 16(16=8<<1)
if _indexlim if_attach i f_indexlim <<=

3-34 mal l oc free C
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mal | oc M _WAI TOK
M _DONTWAI T
if_attach 3-35
- : ; ifc
86 /* create a Link Level name for this device */
87 unitname = sprint_d((u_int) ifp->if_unit, workbuf, sizeof (workbuf));
88 namelen = strlen(ifp->if_name);
89 unitlen = strlen(unitname);
90 /* compute size of sockaddr_dl structure for this device */
91 #define _offsetof(t, m) ({int) ((caddr_t)&{((t *)0)->m))
92 masklen = _offsetof(struct sockaddr_dl, sdl_datal[0]) +
93 unitlen + namelen;
94 socksize = masklen + ifp->if_addrlen;
95 #define ROUNDUP(a) (1 + (((a) - 1) | (sizeof(long) - 1)))
96 socksize = ROUNDUP(socksize);
97 if (socksize < sizeof (*sdl))
98 socksize = sizeof(*sdl);
29 ifasize = sizeof(*ifa) + 2 * socksize; .
if.c
3-35 if_attach
2.
86-99 if _attach if_unit if_name sprint_d if_unit
wor kbuf maskl en sockaddr _dl sdl _data
(namel en + unitl)en socksi ze
. a_a
| socksize maskl en ifaddr{} ifa_netmask_j
(i f _addrl en) (ROUNDUP)
sockaddr _dlI
sockaddr _dl i fasize i faddr sockaddr_di{}
socksi ze
sockaddr_di{}
sockaddr _dl
i f_attach 3-36  if_attach
3-36
3-36 i faddr sockaddr _dlI
C
3-36 i n_ifaddr i faddr
sockaddr sockaddr _dl
3-37
3.
100-116 bzero sdl i fnet
sockaddr _dl

sdl _len sockaddr _dI sdl _famly AF_LI NK
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if_name wunitname sdl _data
sdl _nl en sdl _i ndex sdl _type
i fnet _addrs ifa ifp ifa_addrlist
i fnet sockaddr _dlI ifa_addr i fnet
arp_rtrequest link _rtrequest
| oop_rtrequest 19 21 ifa_rtrequest arp_rtrequest

linkrtrequest

| oop_rtrequest

sockaddr _dI
. , —— ifc
100 if (ifa = (struct ifaddr *) malloc(ifasize, M_IFADDR, M _WAITOK)) {
101 bzero((caddr_t) ifa, ifasize);
102 /* First: initialize the sockaddr_dl address */
103 sdl = (struct sockaddr_dl *) (ifa + 1);
104 sdl->sdl_len = socksize;
105 sdl->sdl_family = AF_LINK;
106 beopy (ifp->if_name, sdl->sdl_data, namelen);
107 bcopy (unitname, namelen + (caddr_t) sdl->sdl_data, unitlen);
108 sdl->sdl_nlen = (namelen += unitlen);
109 sdl->sdl_index = ifp->if_index;
110 sdl->sdl_type = ifp->if_type;
111 ifnet_addrs{if_index - 1] = ifa;
112 ifa->ifa_ifp = ifp;
113 ifa->ifa_next = ifp->if_addrlist;
114 ifa->ifa_rtrequest = link_rtrequest;
115 ifp->if_addrlist = ifa;
116 ifa->ifa_addr = (struct sockaddr *) sdl; -
117 /* Second: initialize the sockaddr_dl mask */
118 sdl = (struct sockaddr_dl *) (socksize + (caddr_t) sdl);
119 ifa->ifa_netmask = (struct sockaddr *) sdl;
120 sdl->sdl_len = masklen;
121 while (namelen != 0)
122 sdl->sdl_data[--namelen] = Oxff;
123 } i
if.c
3-37 if_attach
4,
117-123 sockaddr _dlI
i fa_net mask i faddr (
) while 1
3-38 sockaddr _dl
if name “ le” if_unit O if_index 1
3-38 ether _ifattach ( 3-41)
3-39 if_attach
i f_attach ether _ifattach 3-40
124-127 ether _ifattach ( | eatt ach)
if_attach sockaddr _dlI

XXX
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sockaddr_dl1({}
(ifa_ifaddr)

sockaddr dl{)}
(ifa_netmask)

£—family

if_indextim-1[ |

if_addrlist—

ifnet_addrs:
| ifaddr{}
+ I ifa_ifp

sockaddr_d1{}

sockaddr_d4d1{}

d

0 ifa_next ——j
1 =

lenfar_-| index
20 |zINk 1 ox6| 3] 6|0 1]|e|0O
1 1 2 1 1 1 1 nlen alen
"_(3 )'l' © )
len
11|10 0 0|00 |0 |fE|£fE|£EE
9
F___——————————data[]—————————————4
L masklen N
™ 11 o
3-38 sockaddr_dl ( sdl _
ifnet: le_softe(}
%—-—» if_next —

3-39 if_attach ifret  sockaddr_dl
; ; : ifc
124 /* XXX -- Temporary fix before changing 10 ethernet drivers */
125 if (ifp->if_output == ether_output)
126 ether_ifattach(ifp);
127 } .
; jc
3-40 if_attach
if_ethersubr.c
338 void f;

339 ether_ifattach(ifp)

340 struct ifnet *ifp;

341 ¢

342 struct ifaddr *ifa;

343 struct sockaddr_dl *sdl;

344 ifp->if_type = IFT_ETHER;

345 ifp->if_addrlen = 6;

346 ifp->if_hdrlen = 14;

347 ifp->if_mtu = ETHERMTU;

348 for (ifa = ifp->if_addrlist; ifa; ifa = ifa->ifa next)
349 if ((sdl = (struct sockaddr_dl *) ifa->ifa_addr) &&

3-41 ether_ifattach
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350 sdl->sdl_family == AF _LINK) {
351 sdl->sdl_type = IFT_ETHER;
352 sdl->sdl_alen = ifp->if addrlen;
353 becopy ((caddr_t) ((struct arpcom *) ifp)->ac_enaddr,
354 LLADDR (sdl), ifp->if_addrlen);
355 break;
356 }
357 1}
if_ethersubr.c
341 ()
5.ether _ifattach
et her _ifattach i fnet
338-357 if _type I|FT_ETHER 6
14 MTU 1500 (ETHERMTU)
| eattach MTU
4.3 for
sockaddr _dlI
arpcom
3.12 ifinit
mai n ( 3-23) ifinit 3-42
43 void zﬁc
44 ifinit()
45 {
46 struct ifnet *ifp;
47 for (ifp = ifnet; ifp; ifp = ifp->if_next)
48 if (ifp->if_snd.ifq maxlen == 0)
49 ifp->if snd.ifq maxlen = ifgmaxlen; /* set default length */
50 if_slowtimo(0);
51 } .
ifc
3-42 ifinit
43-51 for attach
50 (i f gmax!| en)
sendto 65 507 45
if_slowtino
if_timer 0 3-43 if_slowtino

338-343 if_slowtinp arg (74 )
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- ifc
338 void
339 if_slowtimo(arg)
340 void *arg;
341 {
342 struct ifnet *ifp;
343 int s = splimp();
344 for (ifp = ifnet; ifp; ifp = ifp->if_next) {
345 if (ifp->if_timer == 0 || --ifp->if_timer)
346 continue;
347 if (ifp->if_watchdog)
348 (*ifp->if_watchdog) (ifp->if_unit);
349 }
350 splx(s);
351 timeout (if_slowtimo, (void *) 0, hz / IFNET_SLOWHZ);
352 } .
if.c
3-43 if slowino
344-352 if_slowtimo if_timer O if_timer 0
if slowtim if _timer 1 0 i f_wat chdog
if_slowtino splinm i p_slowtino
ti meout hz/ 1 FNET_SLOWHZ hz 1
( 100) | FNET_SLOWHZ 1
if_slowtinmo
ti meout cal | out [Leffler er al. 1989]
3.13
i fnet ifaddr
i fnet i fnet i fnet
i f_addrs
sockaddr sa_famly sa_len
sockaddr _dl
31 Unix net st at
netstat -i (i f _name)
(if_mu)
3.2 if_slowtim ( 3-43) splinmp splx
3.3 SLIP
3.4 if_hdrlen if_addrlen sl attach

35 SLIP 3-38
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4.1
3
i octl 5 SLIP
1000 C (
)
Net/3
4-1 Net/3
LANCE
i fnet ( 36) 7 4-2
4-2
DEC DEUNA vax/iflif_de.c
3Com vax/iflif_ec.c
Excelan EXOS 204 vax/iflif_ex.c
Interlan vax/if/lif_il.c
Interlan NP100 vax/iflif_ix.c
Digital Q-BUSto NI vax/iflif_qge.c
CMC ENP-20 tahoe/if/if_enp.c
Excelan EXOS 202 (VME) & 203 (QBUS) tahoe/if/if_ex.c
ACC VERSAbus tahoe/if/if_ace.c
AMD 7990 LANCE hp300/dev/if_le.c
NE2000 i386/isalif_ne.c
Western Digital 8003 i386/isalif_we.c
4-1 Net/3
i fnet SLIP
if_init leinit
i f _out put et her _out put sl ouput | oout put
if_start | estart
i f_done ( )
if_ioctl | ei octl slioctl I cioctl ioctl
if_reset | ereset
i f _wat chdog

4-2
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4
if_output if_ioctl if_init if_done
if_reset ( leinit | ei octl
) if_start et her _out put
4.2
i octl C
4-3
net/if_ether.h
net/if.h ioctl
net/if_ethersubr.c
hp300/dev/if_le.c LANCE
net/if.c ioctl
4-3
4.2.1
4-4 LANCE
arpintrq struct ifqueue ARP
clnlintrq struct ifqueue CLNP
ipintrq struct ifqueue IP
| e_softc struct le_softc[]|] LANCE
et her braodcastaddr | u_char[]
4-4
|l e_softc
4.2.2
i fnet 4-5
4-6 net st at i fnet
1 if _name if_unit ( | FF_UP)
4-6 sl0 sl2 slI3
2 if _ntu “ Network” “ Address”
sockaddr _dl sdl _data I P

if_ipackets if_ierrors if_opackets
if oerrors if_collisions
. 3% (942 798 / 23 234 729 = 3%)
. SLIP SLIP
. LANCE 12
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i fnet SNMP
if_collisions CSMA
if_ibytes .
if _ierrors .
if_incasts .
if_ipackets .
if_iqgdrops .
if_lastchange .
i f_noproto .
if_obytes .
if_oerrors .
if_oncasts .
i f_opackets .
if_snd.ifqg_drops .
if_snd.ifqg_len

4-5 i fnet

netstat -i output
Name Mtu Network Address Ipkts Ierrs Opkts Oerrs Coll
le0 1500 <Link>8.0.9.13.4.33 28680519 814 29234729 12 942798
le0 1500 128.32.33 128.32.33.5 28680519 814 29234729 12 942798
sl0* 296 <Link> 54036 0 45402 0 0
s10* 296 128.32.33 128.32.33.5 54036 0 45402 0 0
sll 296 <Link> 40397 0 33544 0 0
sl1 296 128.32.33 128.32.33.5 40397 0 33544 4] 0
sl2* 296 <Link> 0 0 0 0 0
s13* 296 <Link> 0 0 0 0 0
lo0 1536 <Link> 493599 0 493599 0 0
1lo0 1536 127 127.0.0.1 493599 0 493599 0 4]

4-6

J 814
4.2.3 SNMP
4-7 SNMP (i f Tabl e) (i fEntry)
i fnet
ISODE SNMP if_type i f Speed i f Adm nSt at us

i f Last Change i fnet i f_Il astchange

i fSpecific

=<iflndex>
SNMP i fnet

i flndex if_index
i f Descr i f _nane
i f Type if_type ( SLIP )

4-7 i f Tabl e
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4
=<iflndex>
SNMP i fnet
ifMu if_mu MTU( )
i f Speed ( ) ( )
i f PhysAddress ac_enaddr ( arpcom
i f Adm nSt at us ( ) (I FF_UP )
i f Oper St at us if_flags (I FF_UP )
i f Last Change ( )
iflnOctets if_ibytes
i flnUcast Pkt s if_ipackets -if_imcasts
i fl nNUcast Pkt s if_incasts
i flnDi scards if_iqgdrops
iflnErrors if_ierrors
i fl nUnknownProtos | i f_noproto
ifOutCctets if_obytes
i f Qut Ucast Pkts i f_opackets-if_onctasts
i f Qut NUcast Pkt s if_oncasts
i f Qut Di scards if_snd.ifqg_drops
i fOQutErrors if_oerrors
i fQut QLen if_snd.ifg_len
i fSpecific n/ a SNMP ID( )
4-7 ()
4.3
Net/3 Unix
LANCE
4-8 P
CRC
6 6 L2 46~1500 4
IP
0800
2 46~1500
4-8 1P
48 bit 16 bit
IP 0x0800(2048) 32 bit CRC(
)
1982  Digital Intel
TCP/IP IEEE(
) 802.2 802.3 |EEE [Stallings 1987]
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IP RFC 894[Hornig 1984] 802.3
RFC1042[Postel Reynolds 1988]
48 bit IP ARP
826 [Plummer 1982]) 21 IP RARP

903 [Finlayson et al. 1984])

DECNET DECNET

4-9

if_ output

ether_output

clnlintrq: ..

l ipintrq: E D

le_softc[0]:
ifnet{}
arpcom({} ;
" if_snd
le_softc(} .

leread lestart

4-9
(l eintr)
(le_softc[0]) le_softc (ARP )
4-9 oSl (cl nl) IP ARP
clnlintrq et her _i nput
oSl (CLNP CLNL)

CLNP 1SO 8473 [Stallings 1993]

(RFC
(RFC

Net/3
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|l e_softc 4-9 i fnet arpcom
LANCE 3-6 i fnet 3-26
arpcom

431 leintr

leintr
leintr

12 (

1 t cpdunp BPF (BSD )

| eintr | eread
mbuf ( m_devget) (

) leintr | estart

et her _i nput
mbuf
et her _i nput et her _header 4-10
38-42 CRC CRC
et her _type

if etherh

38 struct ether_header {

39 u_char ether_dhost[6]; /* Ethernet destination address */
40 u_char ether_shost[6]; /* Ethernet source address */

41 u_short ether_type; /* Ethernet frame type */

42 };

if_etherh
4-10 et her _header

4.3.2 |eread

| eread( 4-11) leintr
et her _header mbuf | eread
BPF

: if le.c
528 leread(unit, buf, len)

529 int unit;

530 char *buf;

531 int len;

532 {

533 struct le_softc *le = &le_softc[unit];

4-11 | eread
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534
535
536

537
538
539
540
541
542

543
544
545
546
547
548
549
550
551
552
553
554
555
556
557

558
559
560
561

562
563

564
565
566
567
568

569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585 }

struct ether_header *et;
struct mbuf *m;
int off, resid, flags;

le->sc_if.if_ipackets++; }

et = (struct ether_header *) buf;

et~>ether_type = ntohs((u_short) et->ether_type);

/* adjust input length to account for header and CRC */
len = len - sizeof(struct ether_header) - 4;

off = 0;

if (len <= 0) {
if (ledebug)
log (LOG_WARNING,
"le%d: ierror(runt packet): from %s: len=%d\n",
unit, ether_sprintf(et->ether shost), len);
le->sc_runt++;
le->sc_if.if_ierrors++;
return;
}
flags = 0;
if (bcmp((caddr_t) etherbroadcastaddr,
(caddr_t) et->ether_dhost, sizeof (etherbroadcastaddr)) == 0)
flags |= M_BCAST;
if (et->ether_dhost{0] & 1)
flags |= M_MCAST;

/*
* Check if there’s a bpf filter listening on this interface.
* If so, hand off the raw packet to enet.
*/
if (le->sc_if.if_bpf) {
bpf_ tap(le->sc_if.if_bpf, buf, len + sizeof(struct ether_header));

/*

* Keep the packet if it’s a broadcast or has our
* physical ethernet address (or if we support

* multicast and it’s one).

528-539

*/
if ((flags & (M_BCAST | M_MCAST)) == 0 &&
bemp (et->ether _dhost, le->sc_addr,
sizeof (et->ether_dhost)) != 0)
return;

}

/*

* pull packet off interface. Off is nonzero if packet

* has trailing header; m_devget will then force this header

* information to be at the front, but we still have to drop

* the type and length which are at the front of any trailer data.

*/
m = m _devget ((char *) (et + 1), len, off, &le->sc_if, 0);

if (m == 0)

return;
m->m_flags |= flags;
ether_input (&le->sc_if, et, m);
if le.c
4-11 ()
leintr |eread unit
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buf I en ( CRCQC)
et
et her _header
540-551 l en CRC (runt packet)

552-557
et her br oadcast addr

u_char etherbroadcastaddr[6] = { Oxff, Oxff, Oxff, Oxff, Oxff, Oxff };

C 48 bit 8 bit
——ANSIC
bcnp et her broadcast addr et her_dhost M BCAST
4-12
0 78 15 16 23 24 3132 3940 47
ether_dhost[] I..AII..1|...I...I...I...l...IV...l...l.-.l...l...]
48 bit
4-12
12 IP IP
mbuf M_MCAST
et her _i nput 48 bit
( 4.1)
558-573 BPF bpf _tap BPF SLIP
BPF ( )
BPF
| er ead
574-585 m devget (2.6 ) | eread mbuf
m_devget
m devget | eread

mbuf et her _i nput

4.3.3 ether_input

et her _i nput 4-13 et her _header
1
196-209 et her _i nput ifp i fnet
eh m (

)
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i fconfig(8)(6.6 )

if_ethersubr.c

196 wvoid

197 ether_ input(ifp, eh, m)
198 struct ifnet *ifp;

199 struct ether_header *eh;
200 struct mbuf *m;

201 {
202
203
204
205

206
207
208
209
210

211
212
213
214
215
216
217
218

219
220
221
222
223

224
225
226
227

228
229
230
231
232

307

308
309
310
311
312
313
314
315 }

struct ifqueue *ing;
struct llc *1;
struct arpcom *ac = (struct arpcom *) ifp;

int s;

if ((ifp->if_flags & IFF_UP) == 0) {
m_freem(m);
return;

}
ifp->if_lastchange = time;
ifp->if_ibytes += m->m_pkthdr.len + sizeof(*eh);
if (bemp((caddr_t) etherbroadcastaddr, (caddr_t) eh->ether_dhost,
sizeof (etherbroadcastaddr)) == 0)
m->m_flags |= M_BCAST;
else if (eh->ether_dhost[0] & 1)
m->m_flags |= M_MCAST;
if (m->m_flags & (M_BCAST | M_MCAST))
ifp->if_imcasts++;

switch (eh->ether_type) {
case ETHERTYPE_IP:
schednetisr (NETISR_IP);
ing = &ipintrq;
break;

case ETHERTYPE_ARP:
schednetisr (NETISR_ARP) ;
ing = &arpintrq;
break;

default:
if (eh->ether_type > ETHERMTU) {
m_freem(m);
return;

}

s = splimp();

if (IF_QFULL(inq)) {
IF_DROP(inq) ;
m_freem(m) ;

} else
IF_ENQUEUE (ing, m);

splx(s);

if_ethersubr.c
4-13 et her _i nput
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4
210-218 time timeval
Unix (1970 1 1 00:00:00 [utcp [Itano and
Ramsey 1993] uTC Net/3 timeval
struct tinmeval {
| ong tv_sec; /* seconds */
| ong tv_usec; /* and m croseconds */
i
et her _i nput i f_lastchange if_ibytes
( 14 )
et her _i nput | eread
BPF et her _i nput
2.
219-227 ether_i nput P schedneti sr
IP IP i pintrqg ARP ARP
arpintrgq
isr
BSD ARP ar pi nput
BPF Net/3 RARP
BPF
228-307 802.3
( Osl ) type 0~1500 |EEE 802.3 length
802.3 length 1501~65535 type
2048 IP
802.3 ( 4-14) | % ARP
osl [Stallings 1993] osl 4-14 type
802.3 length
4-14 RFC
1700 [Reynolds and Postel 1994]
3.
308-315 et her _i nput
7-23 21-16 IP ARP 50 (i pgmaxl en)
et her _i nput
schedneti sr (112 )

i pintr IP

arpintr

ARP
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4.3.4 ether_out put

IP ifnet
i f_output i f_output ether_ output
( 4-2) ether_output 14
4

L]
L]
L[]
L]

4-15

- if_ethersubr.c
49 int
50 ether_output(ifp, m0, dst, rt0)
51 struct ifnet *ifp;
52 struct mbuf *m0;
53 struct sockaddr *dst;
54 struct rtentry *rt0;
55 {
56 short type;
57 int s, error = 0;
58 u_char edst[6];
59 struct mbuf *m = m0;
60 struct rtentry *rt;
61 struct mbuf *mcopy = (struct mbuf *) 0;
62 struct ether_header *eh;
63 int off, len = m->m_pkthdr.len;
64 struct arpcom *ac = (struct arpcom *) ifp;
65 if ((ifp->if_flags & (IFF_UP | IFF_RUNNING)) != (IFF_UP | IFF_RUNNING))
66 senderr (ENETDOWN) ;
67 ifp->if_lastchange = time;
68 if (rt = rt0) {
69 if ((rt->rt_flags & RTF_UP) == 0) ({
70 if (rt0 = rt = rtallocl(dst, 1))
71 rt->rt_refcent--;
72 else
73 senderr (EHOSTUNREACH) ;
74 }
75 if (rt->rt_flags & RTF_GATEWAY) {
76 if (rt->rt_gwroute == 0)
77 goto lookup;
78 if (((rt = rt->rt_gwroute)->rt_flags & RTF_UP) == 0) {
79 rtfree(rt);
80 rt = rt0;
81 lookup: rt->rt_gwroute = rtallocl(rt->rt_gateway, 1);
82 if ((rt = rt->rt_gwroute) == 0)
83 senderr (EHOSTUNREACH) ;
84 }
85 }
86 if (rt->rt_flags & RTF_REJECT)
87 if (rt->rt_rmx.rmx_expire == 0 ||
88 time.tv_sec < rt->rt_rmx.rmx_expire)
89 senderr(rt == rt0 ? EHOSTDOWN : EHOSTUNREACH) ;
2 ! if_ethersubr.c

4-15 et her _out put
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49-64 et her_out put ifp i fnet 110)
dst rto
65-67 et her _out put senderr
#define senderr(e) { error = (e); goto bad;}
senderr bad et her _
out put error
et her _out put
ENETDOVWN
1.
68-74 rtO i p_out put et her out put BPF
ether_output rtO 4-16
EHOSTUNREACH
reo rt
- - if_ethersubr.c
91 switch (dst->sa_family) {
92 case AF_INET:
93 if (larpresolve(ac, rt, m, dst, edst))
94 return (0); /* if not yet resolved */
95 /* If broadcasting on a simplex interface, loopback a copy */
96 if ((m->m _flags & M_BCAST) && (ifp->if_flags & IFF_SIMPLEX))
97 mcopy = m_copy(m, 0, (int) M_COPYALL);
98 off = m->m pkthdr.len - m->m_len;
99 type = ETHERTYPE_IP;
100 break;
101 case AF_ISO:
142 case AF_UNSPEC:
143 eh = (struct ether_header *) dst->sa_data;
144 bcopy ( (caddr_t) eh->ether_dhost, (caddr_t) edst, sizeof(edst));
145 type = eh->ether_type;
146 break;
147 default:
148 printf("%$s%d: can’t handle af%d\n", ifp->if_name, ifp->if_unit,
149 dst->sa_family);
150 senderr (EAFNOSUPPORT) ;
151 } .
if_ethersubr.c
4-16 et her _out put
2.
75-85 ( )
rt EHOSTUNREACH rt
3. ARP
86-90 ARP ARP RTF_REJECT
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21-24
et her _out put

et her _out put IP
ARP (21 ) 4-16 ARP
4. P
91-101 ether_out put sa_famly 4-16
case AF_INET AF_ISO AF_UNSPEC case AF_I1SO
case AF_I NET arpresol ve I P
ARP arpresol ve 1 et her _out put
I P ARP ARP in_arpinput
et her _out put
ARP et her _out put
( ) m_copy
switch
12
5.
142-146 ARP
AF_UNSPEC dst bcopy edst
type arpresol ve( AF_INET)
6.
147-151 et her _out put EAFNCSUPPORT
4-17 et her _out put
- if_ethersubr.c
152 if (mcopy)
153 (void) looutput (ifp, mcopy, dst, rt);
154 /*
155 * Add local net header. If no space in first mbuf,
156 * allocate another.
157 */
158 M_PREPEND (m, sizeof (struct ether_header), M_DONTWAIT);
159 if (m == 0)
160 senderr (ENOBUFS) ;
161 eh = mtod(m, struct ether_header *);
162 type = htons{((u_short) type);
163 becopy ( (caddr_t) &type, (caddr_t) &eh->ether_type,
164 sizeof (eh->ether_type));
165 beopy ((caddr_t)edst, (caddr_t)eh->ether_dhost, sizeof (edst));
166 becopy ( (caddr_t)ac->ac_enaddr, (caddr_t)eh->ether_shost,
167 sizeof (eh->ether_shost)) ; ‘
if_ethersubr.c
4-17 et her _out put
7.

152-167 switch
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4
| oout put | oout put 54
M_PREPEND 14
mbuf M_PREPEND
( 16.7 UDP sosend 13.6 i gnmp_sendreport)
et her _out put type edst ac_enaddr( 3-26)
ac_enaddr
et her _header ac_enaddr et her _header
mbuf 32 bit CRC CRC
4-18
if_ethersubr.c
168 s = splimp();
169 /*
170 * Queue message on interface, and start output if interface
171 * not yet active.
172 */
173 if (IF_QFULL(&ifp->if_snd)) {
174 IF_DROP (&ifp->if_snd);
175 splx(s);
176 senderr (ENOBUFS) ;
177 }
178 IF_ENQUEUE (&ifp->if_snd, m);
179 if ((ifp->if_flags & IFF_OACTIVE) == 0)
180 (*ifp->if_start) (ifp);
181 splx(s);
182 ifp->if_obytes += len + sizeof (struct ether_header);
183 if (m~->m_flags & M_MCAST)
184 ifp->if_omcasts++;
185 return (error);
186 bad:
187 if (m)
188 m_freem(m) ;
189 return (error);
190 .
} if_ethersubr.c
4-18 et her _out put
168-185 et her _out put ENOBUFS
if_start
186-190 senderr bad
435 lestart
| estart LANCE
et her _out put ( 4-18)
if_start | estart
| estart

| estart



Chinapubecom

TCP/IP 2
4-19 lestart |estart splinp
- if le.c
325 lestart (ifp)
326 struct ifnet *ifp;
327 {
328 struct le_softc *le = &le_softc[ifp->if_unit];
329 struct letmd *tmd;
330 struct mbuf *m;
331 int len;
332 if ((le-»>sc_if.if_flags & IFF_RUNNING) == 0)
333 return (0);
335 do {
340 IF_DEQUEUE(&le->sc_if.if_snd, m);
341 if (m == 0)
342 return (0);
343 len = leput(le->sc_r2->ler2_tbuf([le->sc_tmd], m);
344 /*
345 * If bpf is listening on this interface, let it
346 * gee the packet before we commit it to the wire.
347 */
348 if (ifp->if_bpf)
349 bpf_tap(ifp->if_bpf, le->sc_r2->ler2_tbuf[le->sc_tmd],
350 len);
359 } while (++le->sc_txcnt < LETBUF);
360 le->sc_if.if_flags |= IFF_OACTIVE;
361 return (0);
362 } .
if le.c
4-19 | estart
1
325-333 | estart
2.
335-342 | estart
3. BPF
343-350 leput m | eput
BPF bpf tap

4,
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359 | e->sc_txcnt LETBUF | estart
LANCE LETBUF
| e->sc_txcnt
5.
360-362 |l estart ifnet | FF_OACTI VE
[Jacobson 19984]
LANCE ( )
NFS NFS UDP (
8192 ) 1P LANCE
NFS UDP
Jacobson Sun LANCE
4.4 ioctl
i octl
i octl
int ioctl(int fd, unsigned |ong com );
fd
i octl com “ ”
i octl
i octl
15
17 ioctl i octl
ioctl
i octl 4-20
SI0CGIFCONF struct ifconf f ifconf
SIO0CGIFFLAGS struct ifreq *| ifioctl
SIOCGIFMETRIC | struct ifreq *| ifioctl
SIOCSIFFLAGS struct ifreq *| ifioctl
SIOCSIFMETRIC | struct ifreq *| ifioctl
4-20 ioctl
ioctl ( com

4-21 i octl
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{( G

L s

soo_ioctl

pr_usrreq

if_ioctl

441 ifioctl
i octl 4-20 5 4-22 i fioctl

394-405 SI OCGl FCONF i fi octl i fconf
406-410 ioctl ifreq
i fnet ifr->ifr_nanme (

“100") i fioctl ENXI O

4-29

447-454 i octl i fioctl

y

i freq

i funit

sl 0" “

P UDP udp_usrreq

| el”
cnd
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6-10 23.10 udp_usrreq

switch 0

394 int ¢C

395 ifioctl(so, cmd, data, p)

396 struct socket *so;

397 int cmd;

398 caddr_t data;

399 struct proc *p;

400 {

401 struct ifnet *ifp;

402 struct ifreq *ifr;

403 int error;

404 if (cmd == SIOCGIFCONF)

405 return (ifconf(cmd, data));

406 ifr = (struct ifreq *) data;

407 ifp = ifunit(ifr->ifr_name);

408 if (ifp == 0)

409 return (ENXIO);

410 switch (emd) {

447 default:

448 if (so->so_proto == 0)

449 return (EOPNOTSUPP);

450 return ((*so->so_proto->pr_usrreq) (so, PRU_CONTROL,

451 cmd, data, ifp));

452 }

453 return (0);

454 ) e

4-22 ifioctl S Q03 FOONF
4.4.2 ifconf
i fconf

ifreg ifconf 4-23 4-24
262-279 ifreq i fr_name

i octl
292-300 i fconf ifc_len ifc_buf

i fconf ifreq i fconf
i fr_addr ifregqg ifreq
i fr_addr( sockaddr ) sockaddr
sa_len 4-25 i fconf
4-25

4-26 i fconf

462-474 i fconf cmd dat a i fconf
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. ifh
262 struct ifreq {
263 #define IFNAMSIZ 16
264 char ifr_name [IFNAMSIZ]; /* if name, e.g. "en0" */
265 union {
266 struct sockaddr ifru_addr;
267 struct sockaddr ifru_dstaddr;
268 struct sockaddr ifru_broadaddr;
269 short ifru_flags:
270 int ifru_metric;
271 caddr_t ifru_data;
272 } ifr_ifru;
273 #define ifr_addr ifr_ifru.ifru_addr /* address */
274 #define ifr dstaddr ifr_ ifru.ifru dstaddr /* other end of p-to-p link */
275 #define ifr_ broadaddr ifr_ifru.ifru_broadaddr /* broadcast address */
276 #define ifr_flags ifr_ifru.ifru_flags /* flags */
277 #define ifr_metric ifr ifru.ifru_metric /* metric */
278 #define ifr data ifr_ifru.ifru_data /* for use by interface */
279 };
ifh
4-23 ifreq
, ifh
292 struct ifconf {
293 int ifc_len; /* size of associated buffer */
294 union {
295 caddr_t ifcu_buf;
296 struct ifreq *ifcu_req;
297 } ifc_ifcu;
298 #define ifc_buf ifc_ifcu.ifcu_buf /* buffer address */
299 #define ifc req ifc_ifcu.ifcu_reg /* array of structures returned */
300 };
ifh

data (process)

-ocknddr_in{ig]

sockaddrx_di()

]

sockaddr in{) |

4-24 i f conf
ife |
i
ifconf{)} ! ifconf(}
ifc_len : ifc_len
ifc_buf I : ifc_buf |
|
1
1
ifrp| —|—-—:—. 510
) sl0
' ifreq() : wel
ifr| ifr name | ifr_addr |} - 1 -» wed
! wel
1
| lo0
ep : 100
]
|
1
!
l
!
4-25 ifconf

sockaddr_iso(}

]

sockaddx_dl{)

sockaddr_in{)

sockaddr_dl ()} I
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462 int
463 ifconf (cmd, data)
464 int cmd;
465 caddr_t data;
466 {
467 struct ifconf *ifc = (struct ifconf *) data;
468 struct ifnet *ifp = ifnet;
469 struct ifaddr *ifa;
470 char *cp, *ep;
471 struct ifreq ifr, *ifrp;
472 int space = ifc->ifc_len, error = 0;
473 ifrp = ifc->ifc_req;
474 ep = ifr.ifr_name + sizeof (ifr.ifr_name) - 2;
475 for (; space > sizeof(ifr) && ifp; ifp = ifp->if next) {
476 strncpy (ifr.ifr_name, ifp->if_name, sizeof(ifr.ifr_ name) - 2);
477 for (cp = ifr.ifr_name; cp < ep && *cp; Cp++)
478 continue;
479 *cp++ = ‘0’ + ifp->if_unit;
480 *cp = ‘'\0’';
481 if ((ifa = ifp->if_addrlist) == 0) {
482 bzero((caddr_t) & ifr.ifr_addr, sizeof (ifr.ifr addr));
483 error = copyout((caddr_t) & ifr, (caddr_t) ifrp,
484 sizeof(ifr));
485 if (error)
486 break;
487 space -= sizeof (ifr), ifrp++;
488 } else
489 for (; space > sizeof (ifr) && ifa; ifa = ifa->ifa_next)
490 struct sockaddr *sa = ifa->ifa_addr;
491 if (sa->sa_len <= sizeof(*sa)) {
492 ifr.ifr_addr = *sa;
493 error = copyout(({caddr_t) & ifr, (caddr_t) ifrp,
494 sizeof (ifr));
495 ifrp++;
496 } else {
497 space -= sa->sa_len - sizeof(*sa);
498 if (space < sizeof(ifr))
499 break;
500 error = copyout((caddr_t) & ifr, (caddr_t) ifrp,
501 sizeof (ifr.ifr_name));
502 if (error == 0)
503 error = copyout({caddr_t) sa,
504 (caddr_t) & ifrp->ifr_addr, sa->sa_len);
505 ifrp = (struct ifreq *)
506 (sa~->sa_len + (caddr_t) & ifrp->ifr_addr);
507 }
508 if (error)
509 break;
510 space -= sizeof (ifr);
511 }
512 }
513 ife->ifc_len -= space;
514 return (error);
515 }
4-26 i f conf
ifc i fconf data ifp ifnet( )
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ifa cp ifr ifr
ifreq ifrg
space cp
ep
475-488 for ifr_name
ifr_name if _unit 0
ifreq space ifrp
489-515 for ifr
ifr sockaddr ifr
space ifrp
(ifc->ifc_len) i f conf i octl i fconf
i fconf
4.4.3
4-27 SLIP
ifnet: le_softc[0]: sl_softc[0]: loif:
L ifnet{) ifnet{)} ifnet(} J— )
arpcom(} sl_softc(}
ifnet_addrs: le_softc{}
ifaddr(} ifaddr() ifaddr{)

By

sockaddr_di1{}

sockaddr_d1{)}

sockaddr_dl{}

sockaddr_di1{}

sockaddr_dl1{)

sockaddr_dl{}

4-28

struct ifconf ifc;
char buffer[144];
int s;

ifc.ifc_len = 144;

4-27

ifc

buf f er

/* SIOCGIFCONF adjusts this */
/* contains interface addresses when ioctl returns */
/* any socket */

ifc.ifc_buf = buffer;

if (ioctl(s,

SIOCGIFCONF, &ifc) < 0 ) {

perror{"ioctl failed");

exit(1);

SI OCGl FCONF

4-28

108 (3% 36) i octl

ifc_len
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4
144 108 sockaddr _dl 36
16 16 3
&ifc
‘ ifconf{}
ifc_len 108
ifc_buf
ifr_name[] . ifr_addr
f— G ) > @ )
1]elo 2018 1 |6[3|6}0]|1]|e|O 36
s(1]0 20[18{ 2 [28|3]|0|0|s|1(0 36
1|oj0 018} 3 [24/3|0|0|1|o]|0O 36
36
4-28 S 03 FGON-
i fr_addr sockaddr (20 )
(18 AF_LINK) sdl _i ndex sdl _type
( I'FT_ETHER I FT_SLIP |FT_LOOP 6 28 24)

sa_nl en( ) sa_al en( ) sa_slen(
) sa_nlen 3 sa_alen 6 SLIP
sa_alen 0 sa_slen 0
( ) SLIP
sockaddr _dlI
sockaddr _dlI ( 4-27 )
( IP OSlI )
sockaddr _dlI
4.4.4 i oct |
4-20 (SI OCGl FFLAGS Sl OCAl FMETRI C - SI OCSI FFLAGS
SI OCSI FMETRI C) i fioctl 4-29 case
1. SIOCGIFLAGS SIOCGIFMETRIC
410-416 SI OCGxxx i fioctl if flags if_metric
ifreq ifr_flags

ifr_metric( 4-23)
2. SIOCSIFFLAGS
417-429
if _down if _up
3. IFF_CANTCHAGE

430-434 3-7 Gfp->if_f1l &gs
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| FF_CANTCHANGE) Gfr->ifr_fl ags~
| FF_CANTCHANGE)
ifp->if_flags if _ioctl (
LANCE | ei oct| —— 4-31)
, ifc
410 switch (cmd) {
411 case SIOCGIFFLAGS:
412 ifr->ifr flags = ifp->if_flags;
413 break;
414 case STIOCGIFMETRIC:
415 ifr->ifr_metric = ifp->if metric;
416 break;
417 case SIOCSIFFLAGS:
418 if (error = suser(p->p_ucred, &p->p_acflag))
419 return (error);
420 if (ifp->if_flags & IFF_UP && (ifr->ifr_flags & IFF_UP) == 0) {
421 int s = splimp();
422 if_down(ifp):
423 splx(s);
424 }
425 if (ifr->ifr flags & IFF_UP && (ifp->if_flags & IFF_UP) == 0) {
426 int s = splimp();
427 if_up(ifp):
428 splx(s);
429 }
430 ifp->if_flags = (ifp->if_ flags & IFF_CANTCHANGE) |
431 (ifr->ifr_flags & ~IFF_CANTCHANGE) ;
432 if (ifp->if_ioctl)
433 (void) (*ifp->if_ioctl) (ifp, cmd, data);
434 break;
435 case SIOCSIFMETRIC:
436 if (error = suser(p->p_ucred, &p->p_acflag))
437 return (error);
438 ifp->if_metric = ifr->ifr_metric;
439 break; .
if.c
4-29 ifioctl
4. SIOCSIFMETRIC
435-439 i fioctl
if_metric
445 if_down if_up
ifconfig SI OCSI FFLAGS
| FF_UP 4-30 if_down if_up
292-302 | FF_UP
pfctlinput(7.7 ) PRC_| FDOWN
oSl IP

TCP UDP
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i f_qflush rt_ifmsg TCP
UDP
308-315 | FF_UP rt_ifmsg
292 void e

293 if_down(ifp)
294 struct ifnet *ifp;

295 {

296 struct ifaddr *ifa;

297 ifp->if_flags &= ~“IFF_UP;

298 for (ifa = ifp->if_addrlist; ifa; ifa = ifa->ifa_ next)
299 pfctlinput (PRC_IFDOWN, ifa->ifa_addr);

300 if_qgflush(&ifp->if_snd);

301 rt_ifmsg(ifp);

302 }

308 void

309 if_up(ifp)
310 struct ifnet *ifp;

311 {
312 struct ifaddr *ifa;
313 ifp->if_flags |= IFF_UP;
314 rt_ifmsg(ifp);
315 } 5
if.c
4-30 if_down if_up
4.4.6 SLIP
4-29 S| OCSI FFLAGS i fioctl if_ioctl
slioctl |oioctl i fioctl
El NVAL 4-31 | eioctl LANCE SI OCSI FFLAGS
614 leioctl(ifp, cmd, data) if dec
615 struct ifnet *ifp;
616 int cmd;
617 caddr_t data;
618 {
619 struct ifaddr *ifa = (struct ifaddr *) data;
620 struct le_softc *le = &le_softc{ifp->if_unit];
621 struct leregl *lerl = le->sc_rl;
622 int s = splimp(), error = 0;
623 switch (cmd) {

638 case SIOCSIFFLAGS:

4-31 | ei octl S S FRAS
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639 if ((ifp->if_flags & IFF_UP) == 0 &&
640 ifp->if_flags & IFF_RUNNING) {
641 LERDWR (le->sc_r0, LE_STOP, lerl->lerl_rdp);
642 ifp->if_flags &= ~IFF_RUNNING;
643 } else if (ifp->if_flags & IFF _UP &&
644 (ifp->if_flags & IFF_RUNNING) == 0)
645 leinit(ifp->if_unit);
646 /*
647 * If the state of the promiscuous bit changes, the interface
648 * must be reset to effect the change.
649 */
650 if (((ifp->if_flags "~ le->sc_iflags) & IFF_PROMISC) &&
651 (ifp->if_flags & IFF_RUNNING)) {
652 le->sc_iflags = ifp->if_flags;
653 lereset (ifp->if_unit);
654 lestart (ifp);
655 }
656 break;

672 default:
673 error = EINVAL;
674 }
675 splx(s);
676 return (error);
677 } ,
if le.c
4-31 ()
614-623 | eioctl dat a i faddr ifa
l e ifp->if_unit le_softc cmd switch
638-656 4-31 case S| OCSI FFLAGS i fioctl | ei oct |
(
| FF_UP)
| FF_PROM SC | FF_PROM SC
672-677 def aul t El NVAL
4.5
LANCE
802.3 21 IP
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99

i octl

4.1 | eread
) et her _i nput

42 ether_input( 4-13)
if

M_MCAST(
| eread ether_input

el se

M_BCAST
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5 SLIP

5.1
4 SLIP
i octl SLIP TCP 29.13
4-2 5-1
i fnet SLIP
if_init leinit
i f _output et her _out put sl out put | oout put
if_start lestart
i f_done «C )
if_ioctl | ei octl slioctl | oi oct | ioctl
if_reset | ereset
i f _wat chdog
5-1
5.2
SLIP 5-2
net/if_slvar.h SLIP
net/if_sl.c SLIP
net/if_loop.c
5-2
5.2.1
SLIP 5-3
sl _softc struct sl_softc [] SLIP
| oi f struct ifnet
5-3

sl _softc SLIP | oi f
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5 SLIP
5.2.2
4 i fnet SLIP
( i fnet ) 5-4
SNMP
tk_nin ( SLIP )
5-4 tk nin
5.3 SLIP
SLIP SLIP
IP 5-5 SLIP
IP SLIP
SLIP END 0xcO END IP
SLIP ESC Oxdb Oxdc ESC IP
ESC Oxdb Oxdd
SLIP ( ) SLIP IP
I- ( END ( ESC i
c0 db
T T-
; {' END [( ESC (END
dbldc » dbldd, c0
L 11 11 1
N SLIP >
5-5 P SLIP
RFC 1055 [Romkey 1988] SLIP
1 SLIP
(PPP) SLIP
PPP RFC 1332 [McGregor 1992] RFC 1548 [Simpson 1993]
Net/3 PPP PPP
1 26 B PPP
5.3.1 SLIP SLI PDI SC
Net/3 SLIP
TTY( ) Net/3TTY (Line discipline)

/10 ( read wite)
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SLIP TTY
SLIP IP SLIP ifnet
i f_out put SLIP
SLIPDISC
5-6 SLIP sl attach
SLIP TTY
SLIP TTY [Leffler et al.
1989] 5-7 SLIP
()
l I slattach l
""""""" write | |read " open| |doctl T 777777

ipintrq: .. :

5-6 SLIP
sl attach . sl _softc i fnet
slinit . SLIP
sl out put . TTY
slioctl . ioctl
sl _btom . nmbuf
sl open . sl _softc TTY
sl cl ose . TTY sl _softc
sltioctl . TTY ioctl
slstart . . TTY
sl i nput . . TTY
5-7 SLIP
Net/3 SLIP TCP 29.13
5-7
Net/3 SLIP SLIP
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103

5-8

SLIP
SLIP SLIP
sl_softc[0]:
ipintrq: i L;] ifnet(} ——s if_snd EE?:E:'L sc_fastqg L:
sc_fastqg I
— sc_buf
sc_mp —

slstart

sc_ep —
sc_ttyp

BUFOFFSET
bytes "\

slinput
ﬁ_oproc
5-8 SLIP
Net/3 sc_ttyp t_sc tty sl _softc[ 0]
5-8
. sl _softc tty TTY
. tyy ) SLIP IP
sl i nput i pintrg
. if_snd sc_fastq SLIP slstart TTY
TTY clist t _oproc clist
5.3.2 SLIP sl open slinit
3.7 sl attach sl _softc
( sl attach) TTY ( /dev/tty01l)
i octl SLIP TTY
( sl open) TTY SLIP
sl open 5-9
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if sl.
181 int _lf‘s ¢
182 slopen(dev, tp)
183 dev_t dev;
184 struct tty *tp;
185 {
186 struct proc *p = curproc; /* XXX */
187 struct sl_softc *sc;
188 int nsl;
189 int error;
190 if (error = suser(p->p_ucred, &p->p_acflag))
191 return (error);
192 if (tp->t_line == SLIPDISC)
193 return (0);
194 for (nsl = NSL, sc = sl_softc; --nsl >= 0; sc++)
195 if (sec->sc_ttyp == NULL) {
196 if (slinit(sc) == 0)
197 return (ENOBUFS) ;
198 tp->t_sc = (caddr_t) sc;
199 sc->sc_ttyp = tp;
200 sc->sc_if.if_baudrate = tp->t_ospeed;
201 ttyflush(tp, FREAD | FWRITE);
202 return (0);
203 }
204 return (ENXIO);
205 } : .
if_slc
5-9 sl open
181-193 sl open dev sl open
tp TTY tty
TTY SLI PDI SC sl open
194-205 for sl _softc slinit (510 )
t_sc sc_ttyp tty sl _softc TTY (t _ospeed)
SLIP ttyflush TTY SLIP
sl open ENXI O 0
sl _softc TTY SLIP
TTY SLIP slattach
TTY
5-10 slinit sl _softc
156-175 slinit nmbuf sl _softc
SLIP sc_buf
sc_mp sc_ep
sl _conpress_init TCP (29.13 )
5-8 sc_buf slinit 148
(BUFOFFSET)
sc_np

sc_ep 5-11 SLIP
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IP
6.6
156 static int #fslc
157 slinit(sc)
158 struct sl_softc *sc;
159 {
160 caddr_t p;
161 if (sc->sc_ep == (u_char *) 0) {
162 MCLALLOC (p, M_WAIT);
163 if (p)
164 sc->sc_ep = (u_char *) p + SLBUFSIZE;
165 else { .
166 printf("sl%d: can’t allocate buffer\n", sc - sl_softc);
167 sc->sc_if.if_flags &= ~IFF_UP;
168 return (0);
169 }
170 }
171 sc->sc_buf = sc->sc_ep - SLMAX;
172 sc~->sc_mp = sc->sc_buf;
173 sl_compress_init (&sc->sc_comp) ;
174 return (1);
175 1}
if sl.c
5-10 slinit
MCLBYTES 2048 mbuf
SLBUFSIZE 2048 SLIP —_— BPF
SLIP_HDRLEN 16 SLIP BPF
BUFOFFSET 148 TCP/IP BPF
SLMAX 1900 SLIP
SLMTU 296 SLIP
SLIP_HIWAT 100 TTY
BUFOFFSET+SLMAX=SLBUFSI ZE=MCLBYTES
5-11 SLIP
5.3.3 SLIP sl i nput
TTY sl i nput SLIP 5-12
sl i nput
527-545 sl i nput c tp tty
tk_nin TTY slinput tp->t_sc SC sc
sl _softc TTY sl i nput
slinput c TTY
C
SC_ERROR sl i nput sl i nput END
CLOCAL (
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: if_sl.c
527 void
528 slinput{c, tp)
529 int c;
530 struct tty *tp;
531 {
532 struct sl_softc *sc;
533 struct mbuf *m;
534 int len;
535 int s;
536 u_char chdr[CHDR_LEN] ;
537 tk_nin++;
538 sc = (struct sl_softc *) tp->t_sc;
539 if (sc == NULL)
540 return;
541 if (¢ & TTY_ERRORMASK || ((tp->t_state & TS_CARR ON) == 0 &&
542 (tp->t_cflag & CLOCAL) == 0)) {
543 sc->sc_flags |= SC_ERROR;
544 return;
545 }
546 ¢ &= TTY_CHARMASK;
547 ++sc->sc_if.if_ibytes;
548 switch (c¢) {
549 case TRANS_FRAME_ESCAPE:
550 if (sc->sc_escape)
551 ¢ = FRAME_ESCAPE;
552 break;
553 case TRANS_FRAME_END:
554 if (sc->sc_escape)
555 c = FRAME_END;
556 break;
557 case FRAME_ESCAPE:
558 sc->sc_escape = 1;
559 return;
560 case FRAME_END:
636 }
637 if (sc->sc_mp < sc->sc_ep)
638 *sc->sC_mp++ = C;
639 sc->sc_escape = 0;
640 return;
641 }
642 /* can’t put lower; would miss an extra frame */
643 sc->sc_flags |= SC_ERROR;
644 error:
645 sc->sc_if.if_ierrors++;
646 newpack:
647 sc->»sc_mp = sc->sc_buf = sc->sc_ep - SLMAX;
648 sc->sc_escape = 0;
649 }

if slc
5-12 sl i nput
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546-636 sl input c TTY_CHARMASK
. c ESC ESC sl i nput ESC
. c END ESC sl i nput END
. ¢ SLIPESC sc_escape sl i nput ( ESC
)
J ¢ SLIPEND P SLIP
5-13
if_sl.c
560 case FRAME_END:
561 if (sc->sc_flags & SC_ERROR) {
562 sc->sc_flags &= “SC_ERROR;
563 goto newpack;
564
565 = sc-»sc_mp - sc->sc_buf;
566 if (len < 3) .
567 /* less than min length packet - ignore */
568 goto newpack;
569 if (sc->sc_bpf) {
570 /*
571 * Save the compressed header, so we
572 * can tack it on later. Note that we
573 * will end up copying garbage in some
574 * cases but this is okay. We remember
575 * where the buffer started so we can
576 * compute the new header length.
577 */
578 beopy (sc->sc_buf, chdr, CHDR_LEN) ;
579
580 if ((c = (*sc->sc_buf & 0xf0)) != (IPVERSION << 4)) {
581 if (c & 0x80)
582 ¢ = TYPE_COMPRESSED_TCP;
583 else if (¢ == TYPE UNCOMPRESSED_ TCP)
584 *gsc->sc_buf &= 0x4f; /* XXX */
585 /*
586 * We’ve got something that’s not an IP packet.
587 * If compression is enabled, try to decompress it.
588 * Otherwise, if auto-enable compression is on and
589 * it’s a reasonable packet, decompress it and then
590 * enable compression. Otherwise, drop it.
591 *x/
592 if (sc->sc_if.if flags & SC_COMPRESS) {
593 len = sl_uncompress_tcp(&sc->sc_buf, len,
594 (u_int) c, &sc->sc_comp);
595 if (len <= 0)
596 goto error;
597 } else if ((sc->sc_if.if_ flags & SC_AUTOCOMP) &&
598 ¢ == TYPE UNCOMPRESSED_TCP && len >= 40) {
599 len = sl_uncompress_tcp(&sc->sc_buf, len,
600 (u_int) ¢, &sc->sc_comp);
601 if (len <= 0)
602 goto error;
603 sc->sc_if.if_flags |= SC_COMPRESS;
604 } else

5-13 sl i nput
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605 goto error;
606 } .
607 if (sc->sc_bpf) {
608 /%,
609 * Put the SLIP pseudo-"link header" in place.
610 * We couldn’t do this any earlier since
611 * decompression probably moved the buffer
612 * pointer. Then, invoke BPF.
613 */
614 u_char *hp = sc->sc_buf - SLIP_HDRLEN;
615 hp[SLX_DIR] = SLIPDIR_IN;
616 becopy (chdr, &hp[SLX_CHDR], CHDR_LEN) ;
617 bpf_tap(sc->sc_bpf, hp, len + SLIP_HDRLEN) ;
618 }
619 m = sl_btom(sc, len);
620 if (m == NULL)
621 goto error;
622 sc->sc_if.if_ipackets++;
623 sc->sc_if.if_lastchange = time;
624 s = splimp();
625 if (IF_QFULL(&ipintrq)) {
626 IF_DROP (&ipintrq) ;
627 sc->sc_1if.if ierrors++;
628 sc->sc_if.if_iqdrops++;
629 m_freem(m) ;
630 } else {
631 IF_ENQUEUE (&ipintrqg, m);
632 schednetisx (NETISR_IP) ;
633 }
634 splx(s):
635 goto newpack; 3
if sl.c
5-13 ()
switch switch ( def aul t )
4 case switch
637-649 switch 1P
( ) sc_escape sl i nput
sl i nput SC_ERROR
error newpack
sc_escape sl i nput
5-13 5-12 FRAME_END
560-579 SC_ERROR 3 (
) sl i nput SLIP
SLIP BPF slinput chdr (
580-606 sl i nput IP
TCP TCP c

(29.13 )

sl _unconpress_tcp
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5 SLIP
sl _unconpress_tcp TCP
sl i nput error 29.13
607-618 SLIP BPF 5-14 slinput
hp [SLX_DIR]
( hp [SLX_CHDR]
- buf
r sc->sc_]
ol - - »l
i CHDR_LEN T (len ) o
le »l
™ SLIP_HDRLEN o
5-14 BPF SLIP
BPF (SLI PDI R_I N)
bpf _tap
619-635 sl _btom mbuf mbuf
sl _btom mbuf sl _btom
mbuf
sl _btom
SLIP IP sl i nput (
) i pintrq IP sl i nput newpack
sc_escape
ipintrg SLIP if_ierrors
spltty sl i nput IP splim 1-14
splinmp spltty
5.3.4 SLIP sl out put
i f _out put
et her _out put SLIP sl out put ( 5-15)
259-289 sl output 4 ifp SLIP i fnet (
sl _softc ) m dst
rtp sl out put 4
sl out put i fnet i f_out put
sl out put dst IP TTY TTY
( )
290-291 SLIP if_snd
292-295 ICMP SC_NO CwP
SLIP ICMP ( ECHO ) (11 )
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259 int ifsl.e
260 sloutput(ifp, m, dst, rtp)
261 struct ifnet *ifp;
262 struct mbuf *m;
263 struct sockaddr *dst;
264 struct rtentry *rtp;
265 {
266 struct sl_softc *sc = &sl_softc[ifp->if_unit];
267 struct ip *ip;
268 struct ifqueue *ifq;
269 int s;
270 /*
271 * Cannot happen (see slioctl). Someday we will extend
272 * the line protocol to support other address families.
273 */
274 if (dst->sa_family != AF_INET) {
275 printf("sl%d: af%d not supported\n", sc->sc_if.if_unit,
276 dst->sa_family);
2717 m_freem(m) ;
278 sc->sc_if.if _noproto++;
279 return (EAFNOSUPPORT) ;
280 }
281 if (sc->sc_ttyp == NULL) {
282 m_freem(m) ;
283 return (ENETDOWN) ; /* sort of */
284 }
285 if ((sc->sc_ttyp->t_state & TS_CARR_ON) == 0 &&
286 (sc->sc_ttyp->t_cflag & CLOCAL) == 0) {
287 m_freem(m) ;
288 return (EHOSTUNREACH) ;
289 }
290 ifgq = &sc->sc_if.if_snd;
291 ip = mtod(m, struct ip *);
292 if (sc->sc_if.if_flags & SC_NOICMP && ip->ip_p == IPPROTO_ICMP) {
293 m_freem(m) ;
294 return (ENETRESET) ; /* XXX ? */
295 }
296 if (ip->ip_tos & IPTOS_LOWDELAY)
297 ifg = &sc->sc_fastq;
298 s = splimp();
299 if (IF_QFULL(ifq)) {
300 IF _DROP(ifq);
301 m_freem(m) ;
302 splx(s);
303 sc->sc_if.if_oerrors++;
304 return (ENOBUFS);
305 }
306 IF_ENQUEUE(ifq, m);
307 sc->sc_if.if_lastchange = time;
308 if (sc->sc_ttyp->t_outqg.c_cc == 0)
309 slstart (sc->sc_ttyp);
310 splx(s);
311 return (0);
312 )
if sl.c

5-15 sl out put

ENETRESET ( ) 11
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5 SLIP
ICMP
Net/2 0 ping traceroute
ICMP
296-297 TOS (I PTOS_LOWDELAY)
sc_fastq
RFC 1700 RFC 1349 [Almquist 1992] TOS Telnet
Rlogin FTP( ) TFTP SMTR( ) DNS(UDP )
1 32
BSD ip_tos SLIP IP
TOS FTP( ) Telnet Rlogin TCP
| PTOS_LOWDELAY
ip_tos
298-312 ( TTY
) sl out put slstart
SLIP if_oerrors et her _out put
(et her _out put) sl out put
SLIP (
ARP) IP ( )
SLIP IP
5.3.5 slstart
sl out put TTY TTY
slstart TTY clist 5-8 clist
t _outq sl start t _oproc sl start
t _oproc
sl start 5-16
318-358 sl start tp tty sl start for
t _outq sl start t _oproc
TTY 100  (SLI P_HI WAT)
sl start
TTY slstart
TTY sc_fastq sc_fastq

if_snd
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SNMP TOS 353 XXX
SLIP i f_onctasts
359-383 SLIP BPF slstart
bpf buf
384-388 TCP sl out put
conpress_tcp IP
)
389-398 BPF SLI PDI R_OUT
bpf tap
483-484 for sl start
318 void
319 slstart(tp)
320 struct tty *tp;
321
322 struct sl_softc *sc = (struct sl_softc *) tp->t_sc;
323 struct mbuf *m;
324 u_char *cp;
325 struct ip *ip;
326 int s;
327 struct mbuf *m2;
328 u_char bpfbuf[SLMTU + SLIP_HDRLEN];
329 int len;
330 extern int cfreecount;
331 for (;;) {
332 /*
333 * If there is more in the output queue, just send it now.
334 * We are being called in lieu of ttstart and must do what
335 * it would.
336 */
337 if (tp->t_outqg.c_cc != 0) {
338 {*tp->t_oproc) (tp);
339 if (tp->t_outq.c_cc > SLIP_HIWAT)
340 return;
341 }
342 /*
343 * This happens briefly when the line shuts down.
344 */
345 if (sc == NULL)
346 return;
347 /*
348 * Get a packet and send it to the interface.
349 */
350 s = splimp();
351 IF_DEQUEUE (&sc->sc_fastqg, m);
352 if (m)
353 sc->sc_if.if_omcasts++; /* XXX */
354 else
355 IF_DEQUEUE (&sc->sc_if.if_snd, m);
356 splx(s);
357 if (m == NULL)
358 return;

5-16 slstart

sl _
(29.13

BPF

if sl.c
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359 /*

360 * We do the header compression here rather than in sloutput
361 * because the packets will be out of order if we are using TOS
362 * queueing, and the connection id compression will get
363 * munged when this happens.

364 */

365 if (sc~->sc_bpf) (

366 /*

367 * We need to save the TCP/IP header before it's

368 * compressed. To avoid complicated code, we just
369 * copy the entire packet into a stack buffer (since
370 * this is a serial line, packets should be short

371 * and/or the copy should be negligible cost compared
372 * to the packet transmission time).

373 */

374 struct mbuf *ml = m;

375 u_char *cp = bpfbuf + SLIP_HDRLEN;

376 len = 0;

377 do {

378 int mlen = ml->m_len;

379 bcopy (mtod (ml, caddr_t), cp, mlen);

380 cp += mlen;

381 len += mlen;

382 } while (ml = ml->m_next);

383 }

384 if ((ip = mtod(m, struct ip *))->ip_p == IPPROTO_TCP) ({
385 if (sc->sc_if.if_flags & SC_COMPRESS)

386 *mtod(m, u_char *) |= sl_compress_tcp(m, ip,

387 &sc->sc_comp, 1);
388 }

389 if (sc->sc_bpf) {

390 /*

391 * Put the SLIP pseudo-"link header" in place. The
392 * compressed header is now at the beginning of the
393 * mbuf.

394 */

395 bpfbuf [SLX_DIR] = SLIPDIR_OUT;

396 becopy (mtod(m, caddr_t), &bpfbuf[SLX_CHDR], CHDR_LEN);
397 bpf_tap(sc->sc_bpf, bpfbuf, len + SLIP_HDRLEN);

398 }

483 }
484 }
if slc
5-16 ( )
slstart ( 5-17)
5-16
399-409 clist

sl start

410-418 TTY
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sl start SLIP END
0 SLIP IP
— - if sl.c
399 sc->sc_1if.if lastchange = time;
400 /*
401 * If system is getting low on clists, just flush our
402 * output queue (if the stuff was important, it’ll get
403 * retransmitted).
404 */
405 if (cfreecount < CLISTRESERVE + SLMTU) {
406 m_freem(m) ;
407 sc->sc_if.if_collisions++;
408 continue;
409 }
410 /*
411 * The extra FRAME END will start up a new packet, and thus
412 * will flush any accumulated garbage. We do this whenever
413 * the line may have been idle for some time.
414 */
415 if (tp->t_outqg.c_cc == 0) {
416 ++sc->sc_1if.if_obytes;
417 (void) putc(FRAME_END, &tp->t_outq);
418 }
if sl.c
5-17 slstart
5-18 Phil Karn RFC 1055 5-
18 (END)

END

= = =
| =0 ] Fv [~
o0 T T o

5-18 Karn SLIP
5-19 0
—
| [exo) [Eno) o)
T o e B
—
2
( )
5-19 Karn
sl start ( 5-20) mbuf TTY
419-467 whi | e mbuf whi | e
mbuf whi |l e cp END ESC

b_to_qg bp cp END ESC put c
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5 SLIP
mbuf TTY 5-21
SLIP END SLIPESC mbuf
bp b to ¢ mbuf cp ep
mbuf
; if sl.c
419 while (m) {
420 u_char *ep;
421 cp = mtod(m, u_char *);
422 ep = Ccp + m->m_len;
423 while (cp < ep) {
424 /*
425 * Find out how many bytes in the string we can
426 * handle without doing something special.
427 */
428 u_char *bp = cp;
429 while (cp < ep) {
430 switch (*cp++) {
431 case FRAME ESCAPE:
432 case FRAME_END:
433 --Cp;
434 goto out;
435 }
436 }
437 out:
438 if (cp > bp) {
439 /*
440 * Put n characters at once
441 * into the tty output queue.
442 */
443 if (b_to_g((char *) bp, cp - bp,
444 &tp->t_outq))
445 break;
446 sc->sc_if.if_obytes += cp - bp;
447 }
448 /*
449 * If there are characters left in the mbuf,
450 * the first one must be special..
451 * Put it out in a different form.
452 */
453 if (cp < ep) {
454 if (putc(FRAME_ESCAPE, &tp->t_outq))
455 break;
456 if (putc(*cp++ == FRAME_ESCAPE ?
457 TRANS_FRAME_ESCAPE : TRANS_FRAME_END,
458 &tp->t_outq)) {
459 (void) unputc (&tp->t_outq);
460 break;
461 }
462 sc->sc_if.if obytes += 2;
463 }
464 }
465 MFREE (m, m2);
466 m = m2;
467
if_sl.c

5-20 slstart
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END ESCAPE
{~bp cp
mbuf
N\ _ AN J\ J
b_to_q b_to_q b_to_q
putc (FRAME_ESCAPE, ...) putc (FRAME_ESCAPE, ...)
putc {(TRANS_FRAME_END, ...) putc (TRANS_FRAME_ESCAPE, ...)
5-21 mbuf SLIP
b to g putc ( TTY ) br eak sl start
whi | e clist mbuf TTY
mbuf m mbuf whi | e
mbuf
5-22 sl start
. if slc
468 if (putc(FRAME_END, &tp->t_outq)) {
469 /*
470 * Not enough room. Remove a char to make room
471 * and end the packet normally.
472 * If you get many collisions (more than one or two
473 * a day) you probably do not have enough clists
474 * and you should increase "nclist" in param.c.
475 */
476 (void) unputc (&tp->t_outq);
477 (void) putc(FRAME_END, &tp->t_outq);
478 sc->sc_1if.if_collisions++;
479 } else {
480 ++sc->sc_if.if_obytes;
481 sc->sc_if.if_opackets++;
482 } .
if_sl.c
5-22 slstart
468-482 whi | e
SLIPEND
END
slstart END
5.3.6 SLIP
SLIP TTY SLIP

SLIP IP
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SLIP
25.11
TCP UDP
( 58)
5.3.7 SLIP
SLIP  MTU(SLMTU) clist (high-water mark)(SLI P_HI WAT) SLIP
TOS
1) MTU ( )
MTU SLIP
40 TCP IP
MTU
TCP/IP RFC 1144 [Jacobson 19904]
9600 b/s SLIP 296
MTU 29.13 SLIP(CSLIP) 1 210 7.2
SLIP
2) clist ( SLI P_HI WAT ) TOS
SLIP TTY
( SLI P_HI WAT ) slstart
SLI P_HI WAT 100
TTY slstart 100 slstart
3) SLIP TOS sc_fastq
if_snd
5.3.8 slclose
sl cl ose sl attach SLIP TTY
210 void if_slc
211 slclose(tp)
212 struct tty *tp;
213 |
214 struct sl_softc *sc;
215 int s;
216 ttywflush(tp);
217 s = splimp(); /* actually, max(spltty, splnet) */
218 tp->t_line = 0;
219 sc = (struct sl_softc *) tp->t_sc;
220 if (sc != NULL) {
221 if_down(&sc->sc_if);
222 sc->sc_ttyp = NULL;
223 tp->t_sc = NULL;

5-23 sl cl ose
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224 MCLFREE ( (caddr_t) (sc->sc_ep - SLBUFSIZE));
225 sc->sc_ep = 0;
226 sc->sc_mp = 0;
227 sc->sc_buf = 0;
228 }
229 splx(s);
230 } .
if sl.c
5-23 ()
210-230 tp TTY sl cl ose
TTY TTY TTY SLIP
mbuf
spl x TTY
5.3.9 sltioctl
SLIP
. TTY
5-7 slioctl SLIP i octl
4.4 i fioctl slioctl ioctl
5-7 sltioctl SLIP TTY i octl
sltioctl 5-24
SLIOCGUNIT | int * sltioctl TTY
5-24 sltioctl
sltioctl 5-25
if sl.c
236 int f_
237 sltioctl(tp, omd, data, flag)
238 struct tty *tp;
239 int cmd ;
240 caddr_t data;
241 int flag;
242 {
243 struct sl_softc *sc = (struct sl_softc *) tp->t_sc;
244 switch (cmd) {
245 case SLIOCGUNIT:
246 " *(int *) data = sc->sc_if.if_unit;
247 break;
248 default:
249 return (-1);
250 }
251 return (0);
252 } .
if_sl.c

5-25 sltioctl
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236-252 tty t_sc sl _softc SLIP
if_unit *dat a (175 )

slattach if_unit slattach TTY

SLIP sl open t_sc TTY SLIP sl _softc
SLI OCGUNI T

54

( 5-26)

if_output

clnlintrq: .. ipintrq: .I

looutput

5-26
i f_out put | oout put
| FF_SI MPLEX et her _out put | oout put
12
| oout put 5-27
57 int f loop.c
58 looutput (ifp, m, dst, rt)
59 struct ifnet *ifp;
60 struct mbuf *m;
61 struct sockaddr *dst;
62 struct rtentry *rt;
63 { ¢
64 int s, isr;
65 struct ifqueue *ifq = 0;
66 if ((m->m_flags & M_PKTHDR) == 0)
67 panic("looutput no HDR");
68 ifp->if_lastchange = time;
69 if (loif.if_bpf) {
70 /*
71 * We need to prepend the address family as
72 * a four byte field. Cons up a dummy header
73 * to pacify bpf. This is safe because bpf
74 * will only read from the mbuf (i.e., it won’t
75 * try to free it or keep a pointer a to it).
76 */

5-27 | oout put
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if loop.c

77 struct mbuf mo;

78 u_int af = dst->sa_family;

79 m0.m_next = m;

80 m0.m_len = 4;

81 m0.m_data = (char *) &af;

82 bpf_mtap(loif.if_ bpf, &mo0);

83 }

84 m->m_pkthdr.rcvif = ifp;

85 if (rt && rt->rt_flags & (RTF_REJECT | RTF_BLACKHOLE)) {

86 m_freem(m) ;

87 return (rt->rt_flags & RTF_BLACKHOLE ? 0 :

88 rt->rt_flags & RTF_HOST ? EHOSTUNREACH ENETUNREACH) ;

89 }

920 ifp->if_opackets++; )

91 ifp->if_obytes += m->m_pkthdr.len;

92 switch (dst->sa_family) ({

93 case AF_INET:

94 ifq = &ipintrq;

95 isr = NETISR_IP;

96 break;

97 case AF_ISO:

98 ifq = &clnlintrq;

99 isr = NETISR_ISO;

100 break;

101 default:

102 printf("lo%d: can’t handle af%d\n", ifp->if_unit,

103 dst->sa_family);

104 m_freem(m) ;

105 return (EAFNOSUPPORT);

106 }

107 s = splimp();

108 if (IF_QFULL(ifq)) {

109 IF_DROP(ifq);

110 m_freem(m) ;

111 splx(s);

112 return (ENOBUFS) ;

113 }

114 IF_ENQUEUE(ifq, m);

115 schednetisr(isr);

116 ifp->if_ipackets++;

117 ifp->if_ibytes += m->m_pkthdr.len;

118 splx(s);

119 return (0);

120 }

5-27 ()
57-66 | oout put et her _out put i fnet
i f_output ifp i fnet m
dst rt mbuf
| oout put pani c
5-28 BPF

69-83 mo BPF

mbuf
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mo mbuf mbuf nm m data
af 5-29

5-28 BPF

af

Iodut put ) - mbuf
5-29 BPF mbuf
| oout put af mbuf bpf _nt ap
bpf _tap mbuf
BPF mbuf nD ( mbuf )
bpf _nt ap
84-89 | oout put input
m >m_pkt hdr. rcvif
| oout put (RTF_REJECT)
(RTF_BLACKHOLE) mbuf 0
| oout put EHOSTUNREACH
ENETUNREACH
RTF_xxx 18-25
90-120 | oout put sa famly
schedneti sr
5.5
sl O SLIP | 00
SLIP SLIP SLIP

TOS SLIP



127 tcenr 2 CMM'W‘QQQ

5.1

5.2 5-27 mO

5.3 19 200 b/s SLIP SLIPMTU

5.4 SLIPMTU

5.5 SLIP

5.6 slinput SC_ERROR

5.7 4-31 le ifp->if_unit le_softc
Il e
5.8 UDP
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Net/3 IP in_i faddr sockaddr_in
i faddr sockaddr
IP IP
6.1.1 IP
Internet
IP ( )
IP
IP 5 A B C D 1P
D 12
E
IP
P 1P Internet
IP
IP (RFC 950 [Mogul and Postel 1985] 1
1P
127.0.0.0 A
RFC 1122
127.0.0.1
127.0.0.2
127.0.0.1
18-2 Net/3 127.0.0.1
6.1.2 IP

3
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A 0.0.0.0 127.255.255.255
B 128.0.0.0 191.255.255.255
C 192.0.0.0 223.255.255.255
D 224.0.0.0 239.255.255.255
E 240.0.0.0 247.255.255.255
6-1 IP
( I B
16/11/5)
IP
6-2 (.14 ) sun
140 252 13 33
[10001100 ] 11111100 [00001101]001j00001 |
B 140252 105 o
0
255 255 255 224
[T1111221 11111111 [11111111[111,00000 | Lo
i 10
1
140 252 13 63
[10001100 11111100 [00001101 [00111111 |
140.252 ; 105
6-2 IP
01
6-31
6.1.3
Internet
IP
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Telnet SNMP
RFC 1122
Net/3
i pf or war di ng 0 i pforwarding 0O )
Net/3
IP
i pforwarding O Net/3 GATEWAY
i pf orwardi ng 1
6.2
6-3 C
netinet/in.h Internet
netinet/in_var.h | Internet
netinet/in.c Internet
netinet/if.c Internet
6-3
6-4
i n_ifaddr struct in_ifaddr * in_ifaddr
in_interfaces int 1P
6-4
6.3
6-5
6-5 SLIP
IP SLIP
IP IP Osl
1P in_ifaddr i fnet _addrs
6-5 i faddr ifa_ifp
i faddr i fnet
6-5 IP ioctl
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) ifnet: le_softc[0]: sl_softc[0]: loif:
L " ifnecy 3 ifnet{} _ ifnet() J—
arpcom{ } sl_softc{}
ifnet_addrs: le_softc(}
1faddr{} 1faddr{} 1faddr (}

_________________ S

sockaddr_d41{}

sockaddr_d1{)}

sockaddr_dl{}

sockaddr_d1(}

sockaddr_dl{}

sockaddr_dl1{}

in_ifaddr{)}
i n_i faddr{} fﬁ ifa ifp
i faddr{} ifa _next -

in_ifaddr:

in ifaddr{}

in_ifaddr{} in ifaddr(}
ifa_ifp ifa_ifp ifa_ifp
ifa_next -~ ifa_next — ifa_next —

ia_next

6-5

6.4 sockaddr _in

3 sockaddr ifaddr
sockaddr _in in_ifaddr I nt er net
68-70 Net/3 Internet

s_addr
106-112 sin_len 16( sockaddr _in )
Si n_port ( ) 16 bit
32 bit Internet
6-6 sockaddr _in sin_port sin_addr

iso_ifaddr{}

ifaddr{}

IP
sockaddr _in
in_addr

Net/3

sin_famly AF_I NET
si n_addr

sin_zero sockaddr
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IP

sa_dat a
sockaddr _in

I nt er net

sin_zero
sockaddr

0 (2.7 )

in.h

68 struct in_addr {

69 . wu_long s_addr; /* 32-bit IP address, net byte order */
70 };
106 struct sockaddr_in { .
107 u_char sin_len; /* sizeof (struct sockaddr_in) = 16 */
108 u_char sin_family; /* AF_INET */
109 u_short sin_port; /* 16-bit port number, net byte order */
110 struct in_addr sin_addr;
111 char sin_zero[8]; /* unused */
112 }; .
in.h
6-6 sockaddr _in
Internet u_long
i n_addr ( 6-7) s_addr
( family
sockaddr{}|len data
1 1( family 14bytes
. len |AF_- addr
sockaddr_in{) 16 \TnET port in_addr{} zero
1 1 2 4 bytes 8 bytes
u_long addr.s_addr
4 bytes
6-7 sockaddr_in ( sin_ )
6.5 in_ifaddr
6-8 Internet P
in_ifaddr IP ( 6-5)
41-45 in_ifaddr iaifa P i faddr
3-15 ia_ifp ia_flags i faddr
i a_next Internet
i faddr in_ifaddr
46-54 ( ia_multiaddrs) 6-9 B
sun u_long i n_addr
sockaddr _in sun PPP
PPP SLIP
55-56 in_ifaddr in_nmulti (12.6 )
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in_var.h
41 struct in_ifaddr {
42 struct ifaddr ia_ifa; /* protocol-independent info */
43 #define ia_ifp ia_ifa.ifa_ifp
44 #define ia_flags ia_ifa.ifa_flags
45 struct in_ifaddr *ia_next; /* next internet addresses list */
46 u_long ia_net; /* network number of interface */
47 u_long ia_netmask; /* mask of net part */
48 u_long ia_subnet; /* subnet number, including net */
49 u_long ia_subnetmask; /* mask of subnet part */
50 struct in_addr ia_netbroadcast; /* to recognize net broadcasts */
51 struct sockaddr_in ia_addr; /* space for interface name */
52 struct sockaddr_in ia_dstaddr; /* space for broadcast addr */
53 #define ia_broadaddr ia_dstaddr
54 struct sockaddr_in ia_sockmask; /* space for general netmask */
55 struct in_multi *ia_multiaddrs; /* list of multicast addresses */
56 };
in_varh
6-8 in_ifaddr
PPP
ia_addr sockaddr_in ] . o
140.252.13.33 140.252.1.29 127.0.0.1
ia_net u_long -
140.252.0.0 140.252.0.0 127.0.0.0
la_netmask u_long
255.255.0.0 255.255.0.0 255.0.0.0
ia_subnet u_long _:I
140.252.13.32 140.252.1.0 127.0.0.0
ia_subnetmask u_long
255.255.255.224  255.255.255.0 255.0.0.0
ia_netbroadcast|in_addr _ “
140.252.255.255 140.252.255.255 127.255.255.255
ia_broadaddr sockaddr_in
140.252.13.63
ia_dstaddr sockaddr_in .
140.252.1.183
ia_sockmask sockaddr_in :
— - i a_subnet mask
255.255.255.224  255.255.255.0 255.0.0.0 -
6-9 sun PPP in_ifaddr
6.6
4 Internet
IP Net/3 i fconfig
i fconfig i octl
/etc/netstart shell
6-10 ioctl
( uUbDP oSl ) P ioctl
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6 IP
UDP
SI10CGIFADDR struct ifreq * in_control
SIOCGIFNETMASK struct ifreq * in_control
S10CGIFDSTADDR struct ifreq * in_control
S10CGIFBRDADDR struct ifreq * in_control
SI0CSIFADDR struct ifreq * in_control
S10CSIFNETMASK struct ifreq * in_control
SI10CSIFDSTADDR struct ifreq * in_control
S10CSIFBRDADDR struct ifreq * in_control
SIOCDIFADDR struct ifreq * in_control
SI10CAIFADDR struct in_aliasreq [Fin_control

if_ioctl

6-10

ioctl

{ﬁ

soo_ioctl

ul

e

pr_usrreq

route_usrre

raw_usrreq
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Sl OCG SI OCS Sl OC
socket ioctl G get S set
4 5 i octl 6-10
6-11
i octl
6.6.1 ifioctl
6-11 i fioctl i octl pr_usrreq
udp_usrreq in_control in_control
TCP in_control
6-12 i fioctl def aul t 4-22
447 default: lf'c
448 if (so->so_proto == 0)
449 return (EOPNOTSUPP);
450 return ({*so->so_proto->pr_usrreq) (so, PRU_CONTROL,
451 cmd, data, ifp));
452 } :
453 return (0);
454 }
if.c
6-12 ifioctl
447-454 6-10 i oct |
UDP udp_usrreq 23.10 udp_usrreq
udp_usrreq PRU_CONTROL
if (req == PRU_CONTROL)
return (in_control (so, (int)m (caddr_t)addr, (struct ifnet *)control));
6.6.2 in_control
6-11 soo_ioct| default ifioctl
in_control udp_usrreq in_control
in_control 6-13 in_control
132-145 so i octl ( cmd ) dat a
( 6-10 ) ifp ( soo_i oct |
ioctl) ifreq in_aliasreq ( i fioctl ioctl)
i n_control ifr ifra ifreq in_aliasreq dat a
146-152 ifp i fnet for Internet
i a i n_i faddr i a
ifp cmd switch switch
switch def aul t ifp EOPNOT SUPP

153-330 in_control switch switch
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in.c

132 in_control(so, cmd, data, ifp)
133 struct socket *so;

134 int cmd;

135 caddr_t data;

136 struct ifnet *ifp;

137 {

138 struct ifreq *ifr = (struct ifreq *) data;

139 struct in_ifaddr *ia = 0;

140 struct ifaddr *ifa;

141 struct in_ifaddr *oia;

142 struct in_aliasreq *ifra = (struct in_aliasreqg *) data;
143 struct sockaddr_in oldaddr;

144 int error, hostIsNew, maskIsNew;

145 u_long 1i;

146 /*

147 * Find address for this interface, if it exists.
148 */

149 °  if (ifp)

150 for (ia = in_ifaddr; ia; ia = ia->ia_next)
151 if (ia->ia_ifp == ifp)

152 break;

153 switch (cmd) {

218 }
219 switch (cmd) {

326 default:
327 if (ifp == 0 || ifp->if_ioctl == 0)
328 return (EOPNOTSUPP);
329 return ((*ifp->if ioctl) (ifp, cmd, data));
330 }
331 return (0);
332 } ,
mn.c
6-13 in_control
swi tch def aul t ifp
if_ioctl in_control ioctl
Net/3 def aul t
i octl case
331-332 switch
switch in_control 0 switch case

i octl
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L]

L]

L]

switch switch
6.6.3 S| OCSI FADDR SI OCSI FNETMASK S| OCSI FDSTADDR
6-14 S| OCSI FADDR Sl OCSI FNETMASK S| OCSI FDSTADDR
in.c
166 case SIOCSIFADDR:
167 case SIOCSIFNETMASK:
168 case SIOCSIFDSTADDR:
169 if ((so->so_state & SS_PRIV) == 0)
170 return (EPERM);
171 if (ifp == 0)
172 panic("in_control");
173 if (ia == (struct in_ifaddr *) 0) {
174 oia = (struct in_ifaddr *)
175 malloc(sizeof *oia, M_IFADDR, M_WAITOK);
176 if (oia == (struct in_ifaddr *) NULL)
177 return (ENOBUFS) ;
178 bzero((caddr_t) oia, sizeof *oia);
179 if (ia = in_ifaddr) {
180 - for (; ia->ia_next; ia = ia->ia_next)
181 continue;
182 ia->ia_next = oia;
183 } else
184 in_ifaddr = oia;
185 ia = oia;
186 if (ifa = ifp->if_addrlist) {
187 for (; ifa->ifa_next; ifa = ifa->ifa_next)
188 continue;
189 ifa->ifa _next = (struct ifaddr *) ia;
190 } else