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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2

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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