16

/0O

16.1
wite witev sendto sendnsg
read readv recvfrom recvnsg
sel ect sel ect ( )
sosend soreceive
/0
1/0
16.2
16-1 C
sys/ socket. h APl
sys/ socketvar.h socket
sys/ uio.h ui o
kern/ui pc_syscalls.c socket
kern/ ui pc_socket.c
kern/sys_generic.c sel ect
kern/ sys_socket . c sel ect
16-1 C
16-2 sel ect
sel wai t int sel ect
nsel col | int sel ect
sb_max u_|l ong
16-2
16.3

15.3
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sockbuf 16-3 sockbuf ( 15-5)
72 struct sockbuf { socketvarh
73 u_long sb_cc; /* actual chars in buffer */
74 u_long sb_hiwat; /* max actual char count */
75 u_long sb_mbcnt; /* chars of mbufs used */
76 u_long sb_mbmax; /* max chars of mbufs to use */
77 long sb_lowat; /* low water mark */
78 struct mbuf *sb_mb; /* the mbuf chain */
79 struct selinfo sb_sel; /* process selecting read/write */
80 short sb_flags; /* Figure 16.5 */
81 short sb_timeo; /* timeout for read/write */
82 } so_rcv, so_snd;
socketvar.h
16-3 sockbuf
72-78 mbuf sb_mb  mbuf
mbuf sb_cc mbuf sb_hiwat sb_I| owat
sb_nbcnt mbuf
mbuf 0~2048 (
sb_nbmax mbuf socket
PRU_ATTACH 262,144
(sb_max) 16.4 16.8
16-4 Internet
so_snd so_rcv
sb_hiwat sb_lowat sb_mbmax sb_hiwat sb_lowat sb_mbmax
UDP 9x1024 2048 ( ) 2xsb_hiwat | 40x(1024+16) 1 2xsb_hiwat
TCP 8x 1024 2048 2x sb_hiwat 8x1024 1 2Xx sb_hiwat
1Y
ICMP 8x1024 2048 () 2x sb_hiwat 8x 1024 1 2x sb_hiwat
IGMP
16-4 Internet
UDP UDP sb_hi wat
40 1K sockaddr _in ( 16 )
79 sb_sel sel ect selinfo (16.13 )
80 16-5 sb_flags
sb-fl ags
SB_LOCK
SB_WANT
SB_WAIT
SB_SEL
SB_ASYNC 1/0
SB_NOINTR
SB_NOTIFY | (SB_WAI T| SB_AEL| SB_ASYNC)
wakeup

16-5 sb flags
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16 /0
81-82 sb_tineo (tick)
0 SO_SNDTI MEO SO_RCVTI MEO
sb_tineo
16-6
sbl ock sb wf M_WAI TOK
EWOUL DBL OCK El NTR
ERESTART 0
int sblock(struct sockbuf *sb, i mf);
sbunl ock sb sb
voi d sbunl ock(struct sockbuf sb)
sbwai t tsl eep sb tsl eep
int sbwait(struct sockbuf s
sowakeup sbwai t sb tsl eep
voi d sowakeup(struct socket st struct sockbufsd
sor wakeup sb 1/0
SIG O
void sorwakeup(struct socket sb)
sowwakeup sb 1/10
SIG O
voi d sowmwakeup(struct socket sh)
16-6
16-7
m mO0 n control mbuf sh
sbspace sb ( ):
m n(sb_hiwat - sb_cc), (sb_mbmax - sb_mbcont)
| ong sbspace(struct sockbufsh)
sbal | oc m sb sb sb_cc sb_nbcnt
voi d sballoc(struct sockbufst struct mbuf m
sbfree sb m sb sb_cc sb_nbcnt
int sbfree(struct sockbufsl¥ struct mbuf n)
sbappend m mbuf sb
int sbappend(struct sockbufsl struct mbuf nmf
sbappendrecord mO sb sbconpress
int sbappendrecord(struct sockbufslf struct mbuf m0)

16-7
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sbappendaddr asa mbuf control MmO mbuf
sb
int abappendaddr(struct %b, struct sockaddrasa,
struct mbuf m0, struct mbuf control)
sbappendcontr ol control MmO mbuf sb
int abappendcontrol (struct &%, struct mbuf no,
struct mbuf control)
sbhi nsertoob mo0 sb
int abinsertoob(struct sockbuf s, struct mbuf mo)
sbconpress m n
voi d abconpress(struct sockbuf s, struct mbuf nf
struct mbuf n)
sbdrop sb len
voi d shdrop(struct sockbufst int len)
sbdr oprecord sb
voi d sbdroprecord(struct sockbuf s
sbrel ease sbfl ush sb mbuf sb_hiwat sb_nbmax 0
voi d shrel ease(struct sockbuf sbf)
sbfl ush sb mbuf
voi d sbflush(struct sockbuf sb
soreserve (high-water and | ow-water marKk)
sbreserve sndcc
sbreserve rcvce sb_| owat
( 16-9) ENOBUFS
int soreserve(struct socket sd, int sndcc, int rcvce)
sbreserve sb cc cc
int sbreserve(struct sockbufst int cc)
16-7 ( )
164 wite witev sendto sendnsg
wite witev sendto sendnsg
sendnsg
sosend sosend
16-8 sosend
16-8
soo0_wWwite
16-9 (send)
Net/3 send sendto
send osend
16-9 wite witev
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16 /O

sendto

TCP TP4
pr_usrreq
PRU SEND PRU_SENDOOB
UDP ICMP
16-8 sosend
? ?
write 1
writev [1..U O MAXI OV]
send 1 .
sendto 1 . .
sendnsg [1..U O MAXI OV] . . .
16-9
16-9 writev sendnsg
(gat hering)
(scattering) i ovec
Ul O_MAXI OV 16-10 i ovec
uio.h
41 struct iovec ({
42 char *iov_base; /* Base address */
43 size_t 1ilov_len; /* Length */
44 }; -,
uio.h
16-10 iovec

41-44 16-10 i ov_base iov_|en
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i ovec
writev
16-11 i ovec writev iovp
i ovent
rove y iov_len iov_base f_.rh-———no bytes—————
0 no =
1 ny ——D! I
l¢——n; bytes————»i
iovent -1 Hiovent-1 I _—.|
M ovent-1 bytes—’l
16-11 witev i ovec
write witev send
connect
sendto sendnsg
connect
16-9 send xxx 16-12
flags
MSG_DONTROUTE 16-23
MSG_DONTWAIT 16-22
MSG_EOR 16-25
MSG_00B 16-26
16-12 send xxx flags
16-9 sendnsg
msghdr ( 16-13) sendnsg
228 struct msghdr { socket.
229 caddr_t msg_name; /* optional address */
230 u_int msg_namelen; /* size of address */
231 struct iovec *msg_iov; /* scatter/gather array */
232 u_int msg_iovlen; /* # elements in msg_iov */
233 caddr_t msg_control; /* ancillary data, see below */
234 u_int msg_controllen; /* ancillary data buffer len */
235 int msg_flags; /* Figure 16.33 */
236 };
socket.h
16-13 nsghdr
nmsg_name sockaddr
228-236 nsghdr (msg_name nsg_nanel en) /

(msg_i

ov msg_iovlen)

(msg_control msg_controllen)
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16 1/O
(msg_f1 ags) cnmsghdr 16-14
251 struct cmsghdr { socket.h
252 u_int cmsg_len; /* data byte count, including hdr */
253 int cnsg_level; /* originating protocol */
254 int cmsg_type; /* protocol-specific type */
255 /* followed by u_char cmsg_datall; */
256 };
socket.h
16-14 cnsghdr
251-256 cnsg_type
cnmsg_| en
16-15 sendnmsg msghdr
sockaddr(} ]
¢——————msg_namelen—————p|
msghdr{}
msg_name —
msg_namelen
msg_iov j
msg_iovlen 3 1 iov_len iov_base ————np
msg_control — 0 no —
msg_controllen 1 n B E—— ]
msg_flags 2 ny

1y ————p
cmsg_len | cmsg_level | cmsg_type | data —l
e msg_controllen >
16-15 sendnsg nsghdr
16.5 sendnsg
sendnsg API sendnsg
sendit sosend sosend
SOCK_DGRAM SOCK_STREAM
SOCK_SEQPACKET (
) ( ) SOCK_PDM
( )
sosend SOCK_SEQPACKET SOCK_PDK
Internet
16-16 sendnsg
307-319 sendnsg msghdr
copyin msghdr
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307 struct sendmsg args {
308 int s;

309 caddr_t msg;

310 int flags;

311 };

312 sendmsg(p, uap, retval)
313 struct proc *p;

uipc_syscalls.c

314 struct sendmsg_args *uap;
315 int *retval;
316 {
317 struct msghdr msg;
318 struct iovec aiov[UIO_SMALLIOV], *iov;
319 int error;
320 if (error = copyin(uap->msg, (caddr_t) & msg, sizeof(msg)))
321 return (error); :
322 if ((u_int) msg.msg_iovlen >= UIO_SMALLIOV) {
323 if ((u_int) msg.msg_iovlen >= UIQ_MAXIOQOV)
324 return (EMSGSIZE) ;
325 MALLOC (iov, struct iovec *,
326 sizeof (struct iovec) * (u_int) msg.msg_iovlen, M_IOV,
327 M_WAITOK) ;
328 } else
329 iov = aiov;
330 if (msg.msg_iovlen &&
331 (error = copyin((caddr_t) msg.msg_iov, (caddr_t) iov,
332 (unsigned) (msg.msg_iovlen * sizeof (struct iovec)))))
333 goto done;
334 msg.msg_iov = iov;
335 error = sendit(p, uap->s, &msg, uap->flags, retval):;
336 done:
337 if (iov != aiov)
338 FREE (iov, M_IOV);
339 return (error);
340 } i
uipc_syscalls.c
16-16 sendnsg
1. iov
320-334 8 (U O_SMALLI OV) iovec
sendmsg MALLOC
1024(Ul O_MAXI OV) EMSGSI ZE copyin iovec
mal | oc
8
2. sendit cleanup
335-340 sendi t sendnsg
i ovec ( ), sendit
16.6 sendit
sendit sendto sendnsg sendi t ui o
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sosend ui onove
uio
16.6.1 ui onove
ui onove
int uionpbve(caddr_t cp, int n, struct uio *uio);
ui onmove cp uio iovec
n 16-7 ui o ui onove
uio.h
45 enum uio_rw {
46 UIO_READ, UIO_WRITE
47 };
48 enum uio_seg { /* Segment flag values */
49 UIO_USERSPACE, /* from user data space */
50 UIO_SYSSPACE, /* from system space */
51 UIO_USERISPACE /* from user instruction space */
52 }; :
53 struct uio {
54 struct iovec *uio_iov; /* an array of iovec structures */
55 int uio_iovent; /* size of iovec array */ ’
56 off_t uio_offset; /* starting position of transfer */
57 int uio_resid; /* remaining bytes to transfer */
58 enum uio_seg uio_segflg; /* location of buffers */
59 enum uio_rw ulo_rw; /* direction of transfer */
60 struct proc *uio_procp; /* the associated process */
61 }; .
uio.h
16-17 uio
45-61 ui o ui o_iov i ovec ui o_offset
ui omove uio_resid ui omove
ui o_of fset n, uio_resid n ui onove ui o_iov
ui o_iov ui o_iov ui o_segflg
ui o_i ov uio_rw
16-18 ui onmove
ui onove
ui o_segflg ui o_rw
UI10_USERSPACE U10-READ cp n
U10_USERISPACE
UI0_USERSPACE UI0-WRITE n cp
UI0_USERISPACE
UI0_SYSSPACE U10-READ cp n
UIO-WRITE n cp

16-18

ui onove
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16.6.2
16-19 ui onove ui o
l|= uio_resid =||

. uio{} iov_len iov_base
uio — ¥ io_iov () 1
uio_iovent (3 n —
uio_offset [0 ny —

uio_resid ng+ny+ny
uio_segflg |(UIO_USERSPACE
uio_rw UIO_WRITE
uio_procp —f-------- »>

16-19 ui onove uio
ui o_iov i ovec i ov_base
ui o_of fset 0O uio_resid
cp mbuf 16-20
ui onove ui o

ui omove(cp, n, uio);

F—mio_offset—.’q— uio_resid —>|
| |

, ulo{} iov_len
uio ———m —
ulo_iov —
uio_iovent 2_L> ng+ny—n
ulo_offset (n ny ~

ulo_resid |(ng+n;+ny)—n
uio_segflg |UIO_USERSPACE
uio_rw UIO_WRITE
uio_procp —f-—-———-—-—-~ »

F—uio_offset——l
[ F+—

16-20 ui onove uio
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16 1/0
n (
no<n<no+n1)
ui onove 0 ui o_iov
i ovec
ui o_of fset n uio_resid n
uio_rw U O WRI TE.
16.6.3 sendit
sendi t 16-21
1 aui o
341-368 sendit get sock file ui o
for
uio_resid i f i f
uio_resid uio_resid iov_len
2.
369-385 , sockargs
- : - uipc_syscalls.c

341 sendit(p, s, mp, flags, retsize)

342 struct proc *p;

343 int s;

344 struct msghdr *mp;

345 int flags, *retsize;

346 {

347 struct file *fp;

348 struct uio auio;

349 struct iovec *iov;

350 int i;

351 struct mbuf *to, *control;

352 int len, error;

353 if (error = getsock(p->p_fd, s, &fp))

354 return (error);

355 auio.uio_iov = mp->msg_iov;

356 auio.uio_iovent = mp->msg_iovlen;

357 auio.uio_segflg = UIO_USERSPACE;

358 auio.uio_rw = UIO_WRITE;

359 auio.uio_procp = p;

360 auvio.uio_offset = 0; /* XXX */

361‘ auio.uio_resid = 0;

362 iov = mp->msg_iov;

363 for (i = 0; i < mp->msg_iovlen; i++, iov++) {

364 if (iov->iov_len < 0)

365 return (EINVAL);

366 if ((auio.uio_resid += iov->iov_len) < 0)

367 return (EINVAL);

368 } .

369 if (mp->msg_name) {

370 if (error = sockargs(&to, mp->msg_name, mp->msg_namelen,

371 MT_SONAME) )

16-21 sendit
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372 return (error);
373 } else
374 to = 0;
375 if (mp->msg_control) {
376 if (mp->msg_controllen < sizeof (struct cmsghdr)
377 ) {
378 error = EINVAL;
379 goto bad;
380 1
381 if (error = sockargs(&control, mp->msg_control,
382 mp->msg_controllen, MT_CONTROL))
383 goto bad;
384 } else
385 control = 0;
386 len = auio.uio_resid;
387 if (error = sosend((struct socket *) fp->f_data, to, &auio,
388 (struct mbuf *) 0, control, flags)) {
389 if (auio.uio_resid != len && (error == ERESTART ||
390 error == EINTR || error == EWOULDBLOCK))
© 391 error = 0;
392 if (error == EPIPE)
393 psignal (p, SIGPIPE);
394 }
395 if (error == 0)
396 *retsize = len - auio.uio_resid;
397 bad:
398 if (to)
399 m_freem(to);
400 return (error);
401 }
uipc_syscalls.c
16-21 ()
3.
386-401 sosend uio_resid
| en ui o sosend
sosend sendi t
. sosend
. sosend EPI PE S| GPI PE error 0
EPI PE
. ( ) *retsize
sendi t 0 syscall( 154 ) *retsize
L]
sendi t sosend contr ol
16.7 sosend
sosend 16-8

sosend sosend
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16 /0
pr_usrreq sosend
sosend sb_hiwat sb_I| owat
16.7.1
sb_cc 0< sb_cc< sb_hi wat
sb_cc sb_hi wat
sosend pr_usrreq
sosend
. PR_ATOM C sosend
sosend
mbuf pr_usrregq RDP SPP
. PR_ATOM C sosend mbuf
mbuf SOCK_STREAM TCP
SOCK_SEQPACKET TP4 TP4 MSG_EOR (
16-12) sosend
TCP TCP TCP
4096
2048 mbuf TCP
2048
sosend
sb_| owat TCP sb_I owat
2048 (  16-4) TCP
16.7.2
( UDP)
sbh_cc 0 sb_hi wat
16-4 UDP sb_hi wat 9216(9x 1024)
SO_SNDBUF sb_hi wat 9216
1 11.10
TCP/IP
NFS 9216 NFS

8192
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16-22

sosend

uipc_socket.c

271 sosend(so, addr, uio, top, control, flags)
272 struct socket *so;
273 struct mbuf *addr;
274 struct uio *uio;
275 struct mbuf *top;
276 struct mbuf *control;
277 int flags:;
278 {
305 restart:
306 if (error = sblock(&so->so_snd, SBLOCKWAIT(flags)))
307 goto out;
308 do { /* main loop, until resid == 0 */
342 do {
343 if (uio == NULL) {
344 /*
345 * Data is prepackaged in "top".
346 */
347 resid = 0;
348 if (flags & MSG_EOR)
349 top->m_flags |= M_EOR;
350 } else
351 do {
396 } while (space > 0 && atomic);
412 } while (resid && space > 0);
413 } while (resid);
414 release:
415 sbunlock (&so->so_snd) ;
416 out:
417 if (top)
418 m_freem(top);
419 if (control)
420 m_freem(control) ;
421 return (error);
422 }
uipc_socket.c
16-22 sosend
271-278 sosend o) addr
ui o 1/0 ui o top mbuf
contr ol mbuf flags
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16 1/0
ui o top
( NFS) mbuf sosend top mbuf ui o

279-304

1
305-308 sosend restart sbl ock

flags MSG_DONTWAI T SBLOCKWAI T M_NOWAI T
M _NOWAI T sbl ock EWOUL DBL OCK
MSG_DONTWAI T Net/3 NFS
resi d=0)

2.

309-341 sosend
sosend

restart

3. top
342-350 sosend

ui o ( top mbuf ) sosend MSG_EOR
M_EOR mbuf

4,
351-396 ui o sosend PR_ATOM C (
UDP) mbuf sosend

break( 16-22 br eak) sosend

5.

395-414 PR_ATOM C resid 0
rel ease PR_ATOM C
sosend mbuf
sosend mbuf

6.
414-422 mbuf

sosend

. ( 16-23)

. ( 16-249)

. ( 16-25)

. ( 16-26)

sosend 16-23

7.
279-284 sosendal | at once true( PR_ATOM C
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top mbuf sosend atom c mbuf
mbuf
285-297 resid i ovec top mbuf
16.1 resid
uipc_socket.c
279 struct proc *p = curproc; /* XXX */
280 struct mbuf **mp;
281 struct mbuf *m;
282 long space, len, resid;
283 int clen = 0, error, s, dontroute, mlen;
284 int atomic = sosendallatonce(so) || top;
285 if (uio)
286 resid = uio->uio_resid;
287 else
288 resid = top->m_pkthdr.len;
289 /*
290 * In theory resid should be unsigned.
291 * However, space must be signed, as it might be less than 0
292 * if we over-committed, and we must use a signed comparison
293 * of space and resid. On the other hand, a negative resid
294 * causes us to loop sending 0-length segments to the protocol.
295 */
296 if (resid < 0)
297 return (EINVAL);
298 dontroute =
299 (flags & MSG_DONTROUTE) && (so->so_options & SO_DONTROUTE) == 0 &&
300 (so->so_proto->pr_flags & PR_ATOMIC) ;
301 p->p_stats->p_ru.ru_msgsnd++;
302 if (control)
303 clen = control->m_len;
304 #define snderr (errno) { error = errno; splx(s); goto release; } |
uipc_socket.c

16-23 sosend

8.

298-303 dontroute
clen
304 snderr out

16-24 sosend
309
sosend
310-311 - ( TCP ) EPI PE
312-313 - ( ICMP

) so_error sendi t
( 16-21 389 )
314-318 - ENOTCONN
sosend

Internet TP4
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319-321 ( send
connect ) EDESTADDREQ
uipc_socket.c

309 s = splnet();

310 if (so->so_state & SS_CANTSENDMORE)

311 snderr (EPIPE) ;

312 if (so->so_error)

313 snderr (so->so_error) ;

314 if ((so->so_state & SS_ISCONNECTED) == 0) {

315 if (so->so_proto->pr_flags & PR_CONNREQUIRED) {

316 if ((so->so_state & SS_ISCONFIRMING) == 0 &&

317 ! (resid == 0 && clen != 0))

318 snderr (ENOTCONN) ;

319 } else if (addr == 0)

320 snderr (EDESTADDRREQ) ;

321 }

322 space = sbspace(&so->so_snd) ;

323 if (flags & MSG_OOB)

324 space += 1024;

325 if (atomic && resid > so->so_snd.sb_hiwat ||

326 clen > so->so_snd.sb_hiwat)

327 snderr (EMSGSIZE) ;

328 if (space < resid + clen && uio &&

329 (atomic || space < so->so_snd.sb_lowat || space < clen)) {

330 if (so->so_state & SS_NBIO)

331 snderr (EWOULDBLOCK) ;

332 sbunlock (&so->so_snd) ;

333 error = sbwait (&so->so_snd);

334 splx(s);

335 if (error)

336 goto out;

337 goto restart;

338 }

339 splx(s);

340 mp = &top;

341 space -= clen; .

uipc_socket.c
16-24 sosend

9.

322-324 sbspace
sb_mbmax
mbuf ( 16-6) sosend 1024

10.
325-327 atom c (hi gh-wat er mark)
EMSGSI ZE

EMSGSI ZE

11. ?

328-329 ( top)

sosend
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. (atonmi ¢ )
top sosend ( ui o ) mbuf
sosend
[Crowcroft et al. 1992]
12.
330-338 sosend EWOUL DBL OCK
sosend sbwai t sbwai t
sosend restart
sbwai t SO_SNDTI MEO
sb_timeo EWOUL DBL OCK
16-21 sendi t
mbuf
339-341 sosend spl x
sosend np
mbuf sosend
(cl en)
16-25 sosend mbuf
13. mbuf
351-360 atonmi c
mbuf atom c
top
14.
361-371 space
MCLBYTES MCLGET mbuf space MCLBYTES
2048 resid MCLBYTES
MCLGET sosend nopages mbuf
M NCLSI ZE > > 208(M NCLSI ZE)
mbuf
atom c ( UDP) mbuf
max_hdr
atom c ( TCP) sosend
space (2048 ) I en I en

(  16-2)
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uipc_socket.c
351 do {
352 if (top == 0) {
353 MGETHDR (m, M_WAIT, MT_DATA);
354 mlen = MHLEN;
355 m->m_pkthdr.len = 0;
356 m->m_pkthdr.rcvif = (struct ifnet *) 0;
357 } else {
358 MGET (m, M _WAIT, MT_DATA);
359 mlen = MLEN;
360 }
361 if (resid >= MINCLSIZE && space >= MCLBYTES) {
362 MCLGET (m, M_WAIT):;
363 if ((m->m_flags & M_EXT) == 0)
364 goto nopages;
365 mlen = MCLBYTES;
366 if (atomic && top == Q) {
367 len = min (MCLBYTES - max_hdr, resid);
368 m->m_data += max_hdr;
369 } else
370 len = min(MCLBYTES, resid):;
371 space -= MCLBYTES;
372 } else {
373 nopages:
374 len = min(min(mlen, resid), space);
375 space -= len;
376 /* )
377 * For datagram protocols, leave room
378 * for protocol headers in first mbuf.
379 */
380 if (atomic && top == 0 && len < mlen)
381 MH_ALIGN (m, len);
382 }
383 error = uiomove(mtod(m, caddr_t), (int) len, uio):
384 resid = uio->uio_resid;
385 m->m_len = len;
386 *mp = m;
387 top->m_pkthdr.len += len;
388 if (error)
389 goto release;
390 mp = &m->m_next;
391 if (resid <= 0) {
392 if (flags & MSG_EOR)
393 top->m_flags |= M_EOR;
394 break;
395 }
396 } while (space > 0 && atomic); .
uipc_socket.c
16-25 sosend
15. mbuf
372-382 mbuf (1)
mbuf 2 (3)
atom c VH_ALI GN
mbuf MH_ALI GN

mbuf atom ¢
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16.
383-395 ui onove len mbuf mbuf
mbuf mbuf( top mbuf) mbuf
sosend rel ease
MSG_EOR M_EOR
sosend
MSG_EOR osl TP4 TCP
MSG_EOR
17. ?
396 atom ¢ sosend mbuf
space>0 atom c space
mbuf atom c
16-2
sosend mbuf 16-26
, uipc_socket.c
397 if (dontroute)
398 so->so_options |= SO_DONTROUTE;
399 s = splnet(); /* XXX */
400 error = {(*so->so_proto->pr_usrreq) (so,
401 (flags & MSG_OOB) ? PRU_SENDOOB : PRU_SEND,
402 top, addr, control);
403 splx(s);
404 if (dontroute)
405 so->so_options &= ~SO_DONTROUTE;
406 clen = 0;
407 control = 0;
408 top = 0;
409 mp = &top;
410 if (error)
411 goto release;
412 } while (resid && space > 0);
413 } while (resid); .
uipc_socket.c
16-26 sosend
397-405 SO_DONTROUTE

MSG_DONTROUTE

spl x

PRU_SEND
406-413

16-23
pr_usrreq pr_usrreq spl net
( UDP)
sosend PRU_SENDOOB
mbuf
clen control top np
mbuf atom c ( TCP) resid
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0 sosend
mbuf sosend ( 16-249)
23 UDP 26
TCP

16.7.3 sosend

sosend 142 3 got o
PR_ATOM C
NFS MSG_DONTWAI T mbuf
SS_| SCONFI RM NG MSG_EOR osl
sosend pr _send
pr ot osw [Partridge and Pink 1993]
16.7.4
16-25 sosend mbuf
mbuf
[Jacobson 1998a]
mbuf (2048 ) CPU
mbuf mbuf
[Jacobson 19983] 20%
(1 20.7
) TCP 20
20 TCP

16.8 read readv recvfrom recvnsg

read readv recvfrom recvnsg

recvnsg recvinsg

16-27 (recv)
? ? ?
read 1
readv [1..U O_MAXI OV]
recv 1 o
recvfrom 1 . .
recvnsg [1..U O MAXI OV] D . .
16-27

Net/3 recv recvfrom
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recv or ecv
recvfrom
read readv
i ovec recvfrom
recvnsg get peer nane
16.11
soreceive 16-28

recvirom

soo_read

pr_usrreg PRU_RCVD - :

16-28 sor ecei ve
16-28
16.9 recvnsg
recvmsg
16-29 recvmsg
433-445 recvnsg msghdr
1. i ov

446-461 sendnsg recvnmsg nsghdr
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ai ov i ovec i ov
( 164 ) nmsghdr

uipc_syscalls.c
433 struct recvmsg_args {

434 int s;

435 struct msghdr *msg;
436 int flags;

437 };

438 recvmsg(p, uap, retval)
439 struct proc *p;
440 struct recvmsg_args *uap;

441 int *retval;
442 {
443 struct msghdr msg;
444 struct iovec aiov[UIO_SMALLIOV], *uiov, *iov;
445 int error;
446 if (error = copyin((caddr_t) uap->msg, (caddr_t) & msg, sizeof (msg)))
447 return (error);
448 if ((u_int) msg.msg_iovlen >= UIO_SMALLIOV) {
449 if ((u_int) msg.msg_iovlen >= UIO_MAXIOV)
450 return (EMSGSIZE);
451 MALLOC (iov, struct iovec *,
452 sizeof (struct iovec) * (u_int) msg.msg_iovlen, M_IOV,
453 M_WAITOK) ;
454 } else
455 iov = aiov;
456 msg.msg_flags = uap->flags;
457 uiov = msg.msg_iov;
458 msg.msg_iov = iov;
459 if (error = copyin((caddr_t) uiov, (caddr_t) iov,
460 (unsigned) (msg.msg_iovlen * sizeof (struct iovec))))
461 goto done;
462 if ((error = recvit(p, uap->s, &msg, (caddr_t) 0, retval)) == 0) {
463 msg.msg_iov = uiov;
464 error = copyout((caddr_t) & msg, (caddr_t) uap->msg, sizeof (msg));
465 }
466 done:
467 if (iov != aiov)
468 FREE (iov, M_IOV);
469 return (error);
470 }
uipc_syscalls.c
16-29 recvnsg
2.recvit
462-470 recvit meghdr
i ovec
16.10 recvit
recvit recv recvfrom recvnsg 16-30 recv XxxX
msghdr recvit sorecei ve ui o
471-500 getsock s file recvit ui o

i ovec msg_i ovl en
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uio_resid I en

Chinapupscom

uipc_syscalls.c

471 recvit{(p, s, mp, namelenp, retsize)
472 struct proc *p;
473 int S;
474 struct msghdr *mp;
475 caddr_t namelenp;
476 int *retsize;
477 {
478 struct file *fp;
479 struct uio auio;
480 struct iovec *iov;
481 int i;
482 int len, error;
483 struct mbuf *from = 0, *control = 0;
484 if (error = getsock(p->p_£fd, s, &fp))
485 return (error);
486 auioc.uio_iov = mp->msg_iov;
487 auio.uio_jiovent = mp->msg_iovlen;
488 auio.uio_segflg = UIO_USERSPACE;
489 auio.uio_xrw = UIO_READ;
490 auio.uio_procp = p;
491 auio.uio_offset = 0; /* XXX */
492 auio.uio_resid = 0;
493 iov = mp->msg_iov;
494 for (i = 0; i < mp->msg_iovlen; i++, iov++) {
495 if (iov->iov_len < 0)
496 return (EINVAL);
497 if ((auio.uio_resid += iov->iov_len) < 0)
498 return (EINVAL);
499 }
500 len = auio.ulo_resid;
uipc_syscalls.c
16-30 recvit uio
recvit sorecei ve 16-31
uipc_syscalls.c
501 if (error = soreceive((struct socket *) fp->f_data, &from, &auio,
502 {struct mbuf **) 0, mp->msg_control ? &control : (struct mbuf **) 0,
503 &mp->msg_flags)) {
504 if (auio.uio_resid != len && (error == ERESTART ||
505 error == EINTR || error == EWOULDBLOCK))
506 error = 0;
507 }
508 if (error)
509 goto out;
510 *retsize = len - auio.uio_resid;
511 if (mp->msg_name) {
512 len = mp->msg_namelen;
513 if (len <= 0 || from == 0)
514 len = 0;
515 else {
516 if (len > from->m_len)
517 len = from->m_len;
518 /* else if len < from->m_len ?2?? */
519 if (error = copyout (mtod(from, caddr_t),

16-31 recvit
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520 (caddr_t) mp->msg_name, (unsigned) len))
521 goto out;
522 }
523 mp->msg_namelen = len;
524 if (namelenp &&
525 (error = copyout((caddr_t) & len, namelenp, sizeof(int)))) {
526 goto out;
527 }
528 }
529 if (mp->msg_control) {
530 len = mp->msg_controllen;
531 if (len <= 0 || control == 0)
532 len = 0;
533 else {
534 if (len >= control->m_len)
535 len = control->m_len;
536 else
537 mp->msg_flags |= MSG_CTRUNC;
538 error = copyout((caddr_t) mtod(control, caddr_t),
539 (caddr_t) mp->msg_control, (unsigned) len);
540 } .
541 mp->msg_controllen = len;
542 }
543 out:
544 if (from)
545 m_freem(from) ;
546 if (control)
547 m_freem(control);
548 return (error);
549 } .
uipc_syscalls.c
16-31 ()
1 soreceive
501-510 soreceive
*retsize
(I'en ui o_resid)
2.
511-542 recvit
soreceive
namel enp ( sockaddr )
meg_fl ags MSG_CTRUNC 16-7
3.
543-549 out mbuf

16.11 soreceive

sorecei ve
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16-32 soreceive
fl ags
MSG_DONTWAIT 16-38
MSG_00B 16-39
MSG_PEEK 16-43
MSG_WAITALL 16-50
16-32 recv xxx
recvisg
16-33 msghdr recvnsg
msg_fl ags
MSG_CTRUNC 16-31
MSG_EOR 16-48
MSG_00B 16-45
MSG_TRUNC 16-51
16-33 recvnsg nsg flag
16.11.1
(O0B)
o0oB 0]0]=]
0]0]=] 0]0]=] UDP
0o0B TCP 0ooB TCP
sendxxx MSG_0OB ooB sosend
0O0OB
I eC VXXX MSG_00OB 0]0] =)
SO _O0BI NLI NE ( 173 ) 0]0]=]
SO_OOBI NLI NE 0O0OB
MSG_00B 0]0]:]
OOB recvmsg
MSG_OOB O0OB
OOB
0]0]=] S| OCATMARKi oct |
OOB
0O0B
16.11.2

16-34
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16

\

16-34

9 (A~I)
I S| OCATMARK
S| OCATMARK
16-34 J TCP
K 29.7
16.11.3
MSG_PEEK
MSG_PEEK
MSG_WAI TALL
MSG_WAI TALL
NFS Net/3
ioctl fcntl
16.11.4

sorecei ve

/0

mbuf

MSG_00B J

soreceive

MSG_WAI TALL MSG_DONTWAI T

MSG_DONTWAI T
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m_next pkt mbuf ( 2-21)
PR_ATOM C
TCP
PR_ATOM C
UDP
PR_ADDR sbhappendaddr mbuf
mbuf 0 mbuf 0
mbuf
SOCK_SEQPACKET SOCK_RDM mbuf
PR_ATOM C sbappendrecord
PR_ATOM C (OSl  TP4) sbappendrecord
sbappend
PR_ATOM C TP4
PR_ATOM C M _EOR
16-35 mbuf  ( ) UDP mbuf
m type
16-35 UDP
22-5 23-7
1], mr aDDR - MT_DATA —»{ MT _DATA ﬁ
2|, mr appbrR s M7 DATA —}—-{ MT_DATA ——»| MT _DATA 4—1
3[, MT_ADDR —}—»{ MT CONTROL{—w=|  MT_DATA —|1
+ — . L
16-35 UDP
PR_ATOM C sb_I owat PR_ATOM C
sb_| owat 16-41
16.11.5
( SOCK_STREAM TCP) sbhappend
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16 /10

mbuf
sb_| owat
16-36 TCP

[ wr_DATA —» MT_DATA ——»|  MT_DATA
-%— B
MT_DATA J—»{  wrpata | —»{ M7 DATA —|—3_
16-36 TCP so rcv
16.11.6
TCP sbhappendcontr ol
mbuf O0OB
shi nsertoob mbuf 0]0]5] mbuf
mbuf 0oOB
16-37 0O0OB
|, wMr_pata s MT _DATA ﬁ
[, MT_CONTROL}—»{  MT _DATA i|1
[, Mrpata J—» MT _DATA ] MT_DATA
T Sl
16-37 0O0B SO rcv
Unix OSI TP4 MT_OOBDATA mbuf TCP
MT _OOBDATA TCP

(SO_OOBI NLI NE ) OOB TCP
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iha*pubico

29.7

16.12 soreceive

sorecei ve

soreceive

sorecei ve

soreceive
( 16-32)
16-38

439 soreceive(so, paddr, uio, mp0, controlp, flagsp)
440 struct socket *so;

441 struct mbuf **paddr;

442 struct uio *uio;

443 struct mbuf **mp0;

444 struct mbuf **controlp;

445 int
446 {
447

448

449

450

451

452

453
454
455
456
457
458
459
460
461

*flagsp;

struct mbuf *m, **mp;

int flags, len, error, s, offset;
struct protosw *pr = so->so_proto;
struct mbuf *nextrecord;

int moff, type;

int orig_resid = uio->uio_resid;

mp = mpl;

if (paddr)
*paddr = 0;

if (controlp)
*controlp = 0;

if (flagsp)

flags = *flagsp & “MSG_EOR;
else

flags = 0;

483 restart:

484
485
486
487

m

if (error = sblock(&so->so_rcv, SBLOCKWAIT (flags)))

return (error);
splnet () ;
so->so_rcv.sb_mb;

S

uipc_socket.c

542 dontblock:

543
544
545

591

if (uio->uio_procp)

uio->uio_procp->p_stats->p_ru.ru_msgrev++;

nextrecord = m->m_nextpkt;

16-38 sorecei ve



China=pubecom o

592 if ((flags & MSG_PEEK) == 0)
593 m->m_nextpkt = nextrecord;
594 type = m->m_type;

595 if (type == MT_OOBDATA)

596 flags |= MSG_OOB;

597 }

693 } /* while more data and more space to fill */

715 release:

716 sbunlock (&so->so_rcv) ;
717 splx(s);
718 return (error);
L uipc_socket.c
16-38 ()
439-446 soreceive o) mbuf
*paddr nmp0 mbuf soreceive
*mp0 mbuf uio uio_resid
npO soreceive uio *controlp
mbuf sorecei ve 16-33 *flagsp
447-453 soreceive pr ui o_resi d(
) orig_resid orig_resid
0 uio_resid orig resid
uio_resid soreceive ( 16-51)
454-461 *paddr *controlp MSG_EOR 0
soreceive *flagsp flags ( 16.8) fl agsp
recvnsg flagsp flags O
483-487 sbl ock flags
MSG_DONTWAI T soreceive
NFS
soreceive m
mbuf mbuf
1
488-541 soreceive
soreceive restart

542-545 sorecei ve
dont bl ock mbuf nextrecord
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2.
542-545
3.
591-597 ooB soreceive
sorecei ve
4,
598-692 mbuf (m ) (ui o_resi d>0)
693-719
16-39 sorecei ve OOB
- uipc_socket.c
462 if (flags & MSG_OOB) {
463 m = m_get (M_WAIT, MT_DATA);
464 error = (*pr->pr_usrreq) (so, PRU_RCVOOB,
465 m, (struct mbuf *) (flags & MSG_PEEK), (struct mbuf *) 0);
466 if (error)
467 goto bad;
468 do { :
469 error = uiomove (mtod(m, caddr_t),
470 (int) min(uio->uio_resid, m->m_len), uio);
471 m = m_free(m);
472 } while (uio->uio_resid && error == 0 && m);
473 bad:
474 if (m)
475 m_freem(m) ;
476 return (error);
477 } .
uipc_socket.c
16-39 sorecei ve
5. 0ooB
462-477 0ooB sorecei ve mbuf
PRU_RCVOOB whi | e uio
soreceive 0
PRU_RCvVOOB UDP EOPNOT SUPP TCP
30.2 16-40 soreceive
178 i o) uipc_socket.c
479 *mp = (struct mbuf *) 0;
480 if (so->so_state & SS_ISCONFIRMING && uio->uio_resid)
481 (*pr->pr_usrreq) (so, PRU_RCVD, (struct mbuf *) 0,
482 (struct mbuf *) 0, (struct mbuf *) 0);
uipc_socket.c
16-40 sorecei ve
6.

478-482 mbuf *mp
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SO _| SCONFI RM NG PRU_RCVD
SO_| SCONFI RM NG osl TP4 TP4
get peer nane shut down cl ose
16-38 16-41 soreceive
uipc_socket.c
488 /*
489 * If we have less data than requested, block awaiting more
490 * (subject to any timeout) if:
491 * 1. the current count is less than the low water mark, or
492 * 2. MSG_WAITALL is set, and it is possible to do the entire
493 * receive operation at once if we block (resid <= hiwat).
494 * 3. MSG_DONTWAIT is not set
495 *
496 * If MSG_WAITALL is set but resid is larger than the receive buffer,
497 * we have to do the receive in sections, and thus risk returning
498 * a short count if a timeout or signal occurs after we start.
499 */
500 if (m == Il ((flags & MSG_DONTWAIT) == 0 &&
501 so-»so_rcv.sb_cc < uio->uio_resid) &&
502 (so->so_rcv.sb_cc < so->so_rcv.sb_lowat ||
503 ((flags & MSG_WAITALL) && uio->uio_resid <= so->so_rcv.sb_hiwat)) &&
504 m->m_nextpkt == 0 && (pr->pr_flags & PR_ATOMIC) == 0) { X
: uipc_socket.c
16-41 sorecei ve ?
7. ?
488-504 soreceive
. (m 0
. (sb_cc<uio_resid)
MSG_DONTWAI T (sb_cc<sb_| owat)
(m_next pkt 0 PR_ATOM C)
L]
MSG_WAI TALL soreceive
(ui o_resid< sb_hiwat) soreceive
MSG_DONTWAI T sorecevi e
16-42 sorecei ve
8. ?
505-534 soreceive

505-512 - (m ) sorecei ve
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(m )
MSG_PEEK MSG_PEEK
513-518 sosend
( dontbl ock ) soreceive
rel ease 0
519-523 sorecei ve
dont bl ock
524-528 ENOTCONN
rel ease
529-534 0 rel ease 0
EVOUL DBL OCK( )
- uipc_socket.c
505 if (so->so_error) {
506 if (m)
507 goto dontblock;
508 error = SO->SO_error;
509 if ((flags & MSG_PEEK) == 0)
510 so->so_error = 0;
511 goto release;
512 }
513 if (so->so_state & SS_CANTRCVMORE) {
514 if (m)
515 goto dontblock;
516 else
517 goto release;
518 }
519 for (; m; m = m->m_next)
520 if (m->m _type == MT_OOBDATA || (m->m_flags & M_EOR)) {
521 m = so->so_rcv.sb_mb;
522 goto dontblock;
523 }
524 if ((so->so_state & (SS_ISCONNECTED | SS_ISCONNECTING)) == 0 &&
525 (so->so_proto->pr_flags & PR_CONNREQUIRED)) {
526 error = ENOTCONN;
527 goto release;
528 }
529 if (uio->uio_resid == 0)
530 goto release;
531 if ((so->so_state & SS_NBIO) || (flags & MSG_DONTWAIT)) {
532 error = EWOULDBLOCK; - :
533 goto release;
534 }
535 sbunlock (&so->so_rcv);
536 error = sbwait (&so->so_rcv);
537 splx(s);
538 if (error)
539 return (error);
540 goto restart;
541

uipc_socket.c

16-42 sorecei ve ?
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9.
535-541 sorecei ve (
sbwai t sbwai t
sor ecei ve sorecei ve restart
sosend SO_RCVTI MEO sbwai t

sbwai t EWOUL DBL OCK

sb_timeo
soreceive 16-43
- uipc_socket.c
542 dontblock:
543 if (uio->uio_procp)
544 uio->uio_procp->p_stats->p_ru.ru_msgrcv++;
545 nextrecord = m->m_nextpkt; '
546 if (pr->pr_flags & PR_ADDR) {
547 orig_resid = 0;
548 if (flags & MSG_PEEK) {
549 if (paddr)
550 *paddr = m_copy(m, 0, m->m_len);
551 m = m->m_next;
552 } else {
553 sbfree (&so->so_rcv, m);
554 . if (paddr) {
555 *paddr = m;
556 SO->so_rcv.sb_mb = m->m_next;
557 m->m_next = 0;
558 m = sO0->s0_rcv.sb_mb;
559 } else {
560 MFREE (m, so->so0_rcv.sb_mb);
561 m = SO->SO_rcv.sb_mb;
562 }
563 }
564 }

uipc_socket.c

16-43 sorecei ve

10. dont bl ock

542-545 nextrecord soreceive
mbuf
11.
546-564 UDP mbuf mbuf
* paddr paddr
soreceive MSG_PEEK
16-44 mbuf

12.
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565-590 mbuf ( MSG_PEEK
) *controlp control p
- uipc_socket.c
565 while (m && m->m_type == MT_CONTROL && error == 0) {
566 if (flags & MSG_PEEK) {
567 if (controlp)
568 *controlp = m_copy(m, 0, m->m_len);
569 m = m->m_next;
570 } else {
571 sbfree (&so->so_rcv, m);
572 if (controlp) {
573 if (pr->pr_domain->dom_externalize &&
574 mtod (m, struct cmsghdr *)->cmsg_type ==
575 SCM_RIGHTS)
576 error = (*pr->pr_domain->dom_externalize) (m);
577 *controlp = m;
578 sof>so_rcv.sb_mb = m->m_next;
579 m->m_next = 0;
580 m = s0->s80_rcv.sb_mb;
581 } else {
582 MFREE (m, so->so_rcv.sb_mb);
583 m = so->so_rcv.sb_mb;
584 }
585 }
586 if (controlp) {
587 orig_resid = 0;
588 controlp = &(*controlp)->m_next;
589 }
590 } .
uipc_socket.c
16-44 sorecei ve
dom externalize
mbuf SCM_RI GHTS( ) dom externalize
Unix 7.3
(controlp ) mbuf
mbuf
Unix dom externalize
mbuf m mbuf
mbuf m 0
16-45 soreceive mbuf
591 if (m) { uipC_SOCket.C
592 if ((flags & MSG_PEEK) == 0)
593 m->m_nextpkt = nextrecord;
594 type = m->m_type;
595 if (type == MT_OOBDATA)
596 flags |= MSG_OOB;
597 }

uipc_socket.c

16-45 sorecei ve mbuf
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13.
591-597 mbuf mbuf mbuf
m soreceive whi | e m
mbuf (nextrecord) m mbuf type
mbuf 00B flags MSG_00B TCP
MT_OOBDATA MSG_00B TCP
16-47 mbuf 16-46
nmof f MSG_PEEK
of f set MSG_PEEK 0ooB
uio_resid
I en mbuf uio_resid O0OB I en
m | en
16-46 sorecei ve
uipc_socket.c
598 moff = 0;
599 offset = 0;
600 while (m && uio->uio_resid > 0 && error == 0) {
601 if (m->m_type == MT_OOBDATA) {
602 if (type != MT_OOBDATA)
603 break; .
604 } else if (type == MT_OQOOBDATA)
605 break;
606 so->so_state &= “SS_RCVATMARK;
607 len = uio->uio_resid;
608 if (so->so_oobmark && len > so->so_oobmark - offset)
609 len = so->so_oobmark - offset;
610 if (len > m->m_len - moff)
611 len = m->m_len - moff;
612 /*
613 * If mp is set, just pass back the mbufs.
614 * Otherwise copy them out via the uio, then free.
615 * Sockbuf must be consistent here (points to current mbuf,
616 * it points to next record) when we drop priority;
617 * we must note any additions to the sockbuf when we
618 * block interrupts again.
619 */
620 if (mp == 0) {
621 splx(s);
622 error = uiomove{(mtod(m, caddr_t) + moff, (int) len, uio);
623 s = splnet();
624 } else
625 uio->uio_resid -= len; B
uipc_socket.c
16-47 sorecei ve ui onove
598-600 while mbuf ui o
mbuf
14. 0]0]2]
600-605 mbuf mbuf

TCP
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15. ooB
606-611 oobmar k oobmar k
mbuf
TCP
612-625 ui o ui onove mbuf
uio_resid
ui onove
ui onove
16-48 mbuf
- uipc_socket.c
626 if (len == m->m_len - moff) {
627 if (m->m_flags & M_EOR)
628 flags |= MSG_EOR;
629 if (flags & MSG_PEEK) {
630 m = m->m_next;
631 moff = 0;
632 } else {
633 nextrecord = m->m_nextpkt;
634 sbfree (&so->so_rcv, m);
635 if (mp) {
636 *mp = m;
637 mp = &m->m_next;
638 so->so_rcv.sb_mb = m = m->m_next;
639 *mp = (struct mbuf *) 0;
640 } else {
641 MFREE (m, so->so_rcv.sb_mb);
642 m = so->S0_rcv.sb_mb;
643 }
644 if (m)
645 m->m_nextpkt = nextrecord;
646 }
647 } else {
648 if (flags & MSG_PEEK)
649 moff += len;
650 else {
651 if (mp)
652 *mp = m_copym{(m, 0, len, M_WAIT);
653 m->m_data += len;
654 m->m_len ~-= len;
655 so~>»so_rcv.sb_cc -= len;
656 }
657 } .
uipc_socket.c
16-48 sorecei ve
16. mbuf
626-646 mbuf mbuf
mbuf MSG_EOR MSG_PEEK
so_receive MSG_PEEK
ui onove mbuf
np
16-49 00oB MSG_EOR
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1/O
658 if (so->so_oobmark) { uipe_socket.c
659 if ((flags & MSG_PEEK) == 0) {
660 so->so_oobmark -= len;
661 if (so->so_oobmark == 0) {
662 so->so_state |= SS_RCVATMARK;
663 break;
664 }
665 } else {
666 offset += len;
667 if (offset == so->so_oobmark)
668 break;
669 }
670 }
671 if (flags & MSG_EOR)
672 break; ;
uipc_socket.c
16-49 sorecei ve
17. 0O0OB
658-670 0
SS_RCVATMARK soreceive whi |l e MSG_PEEK

uipc_socket.c

of f set so_oobmar k
18.
671-672 soreceive mbuf
16-50 MSG_WAI TALL
673 /*
674 * I1f the MSG_WAITALL flag is set (for non-atomic socket),
675 * we must not quit until "uio->uio_resid == 0" or an error
676 * termination. If a signal/timeout occurs, return
677 * with a short count but without error.
678 * Keep sockbuf locked against other readers.
679 */
680 while (flags & MSG_WAITALL && m == 0 && uio->uio_resid > 0 &&
681 Isosendallatonce(so) && !nextrecord) {
682 if (so->so_error || so->so_state & SS_CANTRCVMORE)
683 break;
684 error = sbwalt {&so->so_rcv);
685 if (error) {
686 sbunlock (&so->so_rcv) ;
687 splx(s);
688 return (0);
689 }
690 if (m = so->so_rcv.sb_mb)
691 nextrecord = m->m_nextpkt;
692 }
693 } /* while more data and more space to fill */

16-50 sorecei ve MSG VWA TALL

19. MSG_WAITALL

uipc_socket.c
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673-681 MSG_WAI TALL (m 0)
sosendal | at once (nextrecord )
soreceive
20.
682-683
21.
684-689 shwai t shwai t (error
0) soreceive
22. m nextrecord
690-692 m nextrecord mbuf m
0 while
23. mbuf
693 mbuf 600 ( 16-47)
soreceive 16-51
- uipc_socket.c
694 if (m && pr->pr_flags & PR_ATOMIC) {
695 flags |= MSG_TRUNC;
696 if ((flags & MSG_PEEK) == 0)
697 (void). sbdroprecord(&so->so_rcv);
698 }
699 if ((flags & MSG_PEEK) == 0) {
700 if (m == 0)
701 s0->so_rcv.sb_mb = nextrecord;
702 if (pr->pr_flags & PR_WANTRCVD && so->so_pcb)
703 (*pr->pr_usrreq) (so, PRU_RCVD, (struct mbuf *) 0,
704 (struct mbuf *) flags, (struct mbuf *) 0,
705 (struct mbuf *) 0);
706 }
707 if (orig_resid == uio->uio_resid && orig_resid &&
708 (flags & MSG_EOR) == 0 && (so->so_state & SS_CANTRCVMORE) == 0) {
709 sbhunlock (&s0->s0_rcv) ;
710 splx(s);
711 goto restart;
712 }
713 if (flagsp)
714 *flagsp |= flags;
uipc_socket.c
16-51 sorecei ve
24.
694-698 ( )
MSG_TRUNC
recvnsg MSG_TRUNC soreceive
25.
699-706 MSG_PEEK mbuf

PRU_RCVD TCP
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26.
707-712 soreceive
sorecei ve restart
713-714 soreceive *fl agsp sorecei ve
sorecei ve
( ) ( mbuf )
sosend sorecei ve
[Partridge and Pink 1993] UDP soreceive
sorecei ve “ "
16.13 sel ect
select select
[Stevens 1992]
16-52 sel ect
select
listen .
0O0B .
16-52 sel ect
sel ect 16-53
1
390-410 ibits obits
bzero 0 nd
nd
nd (1 1 )
(FD_SETSI ZE) fal set 32 hit (NFDBI TS) nd 65

ni =howrany( 65, 32) x 4=3x 4=12

howmany (x y) X y

ni
256
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390 struct select_args {

391
392
393

394 };

u_int nd;
fd_set *in,. *ou, *ex;
struct timeval *tv;

395 select(p, uap, retval)
396 struct proc *p;
397 struct select_args *uap;

398 int

399 {
400
401
402
403

404
405
406
407
408
409
410

*retval;

fd_set ibits[3], obits([3];

struct timeval atv;

int s, ncoll, error = 0, timo;
u_int ni;

bzero((caddr_t) ibits, sizeof(ibits));
bzero((caddr_t) obits, sizeof(obits));
if (uap->nd > FD_SETSIZE)

return (EINVAL);
if (uap->nd > p->p_£fd->fd_nfiles)

sys_generic.c

uap->nd = p->p_fd->fd_nfiles; /* forgiving; slightly wrong */

ni = howmany (uap->nd, NFDBITS) * sizeof (fd_mask);

411 #define getbits(name, x) \

412
413
414
415
416
417

if (uap->name && \

(error = copyin((caddr_t)uap->name, (caddr_t)&ibitsix]l, ni))) \

goto done;
getbits(in, 0);
getbits(ou, 1);
getbits(ex, 2);

418 #undef getbits

419 if (uap->tv) {
420 error = copyin((caddr_t) uap->tv, (caddr_t) & atv,
421 sizeof(atv));
422 if (error)
423 goto done;
424 if (itimerfix(&atv)) {
425 error = EINVAL;
426 goto done;
427 }
428 s = splclock();
429 timevaladd(&atv, (struct timeval *) &time);
430 timo = hzto(&atv);
431 /*
432 * Avoid inadvertently sleeping forever.
433 */
434 if (timo == 0)
435 ) timo = 1;
436 splx(s);
437 } else
438 timo = 0; ) .
sys_generic.c
16-53 el ect
2.
411-418 getbits copyin ibits
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419-438 tv timeo 0 select tv
itimerfix ti meval add
hzto t1mo
0 timeo 1 sel ect 0 tineval
sel ect 16-54
439  retry: Y5 generic.c
440 ncoll = nselcoll;
441 p->p_flag |= P_SELECT;
442 error = selscan(p, ibits, obits, uap->nd, retval);
443 if (error || *retval)
444 goto done;
445 s = splhigh();
446 /* this should be timercmp(&time, &atv, »>=) */
447 if (uap->tv && (time.tv_sec > atv.tv_sec ||
448 time.tv_sec == atv.tv_sec && time.tv_usec >= atv.tv_usec)) {
449 splx(s);
450 goto done;
451 } .
452 if ((p->p_flag & P_SELECT) == 0 || nselcoll != ncoll) {
453 splx(s);
454 goto retry;
455 }
456 p->p_flag &= ~P_SELECT;
457 error = tsleep((caddr_t) & selwait, PSOCK | PCATCH, "select", timo);
458 splx(s);
459 if (error == 0)
460 goto retry;
461 done:
462 p->p_flag &= ~“P_SELECT;
463 /* select is not restarted after signals... */
464 if (error == ERESTART)
465 error = EINTR;
466 if (error == EWOULDBLOCK)
467 error = 0;
468 #define putbits(name, x) \
469 if (uap->name && \
470 (error2 = copyout({caddr_t)&obits[x], (caddr_t)uap->name, ni))) \
471 error = error2; :
472 if (error == 0) {
473 int error2;
474 putbits(in, 0); b
475 putbits(ou, 1);
476 putbits(ex, 2);
477 #undef putbits
478 }
479 return (error);
480 } .
sys_generic.c
16-54 sel ect
4,
439-442 retry sel ect
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nsel col | P_SELECT sel scan( 16-55)
sel ect
sel scan
I - sys_generic.c
481 selscan(p, ibits, obits, nfd, retval)
482 struct proc *p;
483 fd_set *ibits, *obits;
484 int nfd, *retval;
485 {
486 struct filedesc *fdp = p->p_£fd4;
487 int msk, i, j, f4;
488 fd_mask bits;
489 struct file *fp;
490 int n = 0;
491 static int flag[3] =
492 {FREAD, FWRITE, 0};
493 for (msk = 0; msk < 3; msk++) {
494 for (i = Q; i < nfd; i += NFDBITS) {
495 bits = ibits([msk].fds_bits[i / NFDBITS];
496 while ((j = ffs(bits)) && (fd = i + --j) < nfd) {
497 bits &= ~(1 << j); '
498 fp = fdp->fd_ofiles[£d];
499 if (fp == NULL)
500 return (EBADF);
501 if ((*fp->f_ops->fo_select) (fp, flaglmsk], p)) {
502 FD_SET(fd, &obits[msk]);
503 n++;
504 }
505 }
506 }
507 }
508 *retval = n;
509 return (0);
510 } :
sys_generic.c
16-55 sel scan
5.
443-444
6.
445-451
7. sel scan
452-455 sel scan P_SELECT
nsel col | sel scan
8.
456-460 sel ect tsl eep sel wai t 16-
60 tsl eep
sel ect retry
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461-480 done P_SELECT ERESTART El NTR
EWOUL DBL OCK 0 sel ect
El NTR 0

16.13.1 sel scan

sel ect 16-55 sel scan
sel scan
so_sel ect soo_sel ect
1
481-496 for for
32 hit(NFDBI TS)
whi | e 32 hit
bits ffs bits
bits 1000 ( 28 0) ffs (bits) 4
2.
497-500 i ffs fd bits
( ) file
fo_sel ect
fo_sel ect flag ms k for
FREAD FWRI TE
0 EBADF
3.
501-504
n ( ) 1
505-510 *retval

16.13.2 soo_sel ect

sel scan sel scan
fileops ( 155 ) fo_sel ect
16-56 soo_sel ect

sys_socket.c
105 soo_select (fp, which, p) Y5

106 struct file *fp;

107 int which;

108 struct proc *p;

109 {

110 struct socket *so = (struct socket *) fp->f_data;
111 int - s = splnet{();

112 switch (which) {

113 case FREAD:

114 if (soreadable(so)) {

16-56 soo_sel ect
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115 splx(s);
116 return (1);
117 }
118 selrecord(p, &so->so_rcv.sb_sel);
119 so->so_rcv.sb_flags |= SB_SEL;
120 break;
121 case FWRITE:
122 if (sowriteable(so)) {
123 splx(s);
124 return (1);
125 }
126 selrecord(p, &so->so_snd.sb_sel);
127 so->so_snd.sb_flags |= SB_SEL;
128 break;
129 case 0: )
130 if (so->so_oobmark || (so->so_state & SS_RCVATMARK)) {
131 splx(s);
132 return (1);
133 }
134 selrecord(p, &so->so_rcv.sb_sel);
135 so-»>so_rcv.sb_flags |= SB_SEL;
136 break;
137 }
138 splx(s);
139 return (0);
140 }

sys_socket.c
16-56 ( )
105-112 soo_sel ect whi ch
1 selrecord
soo_sel ect 0
16-52 soo_sel ect sor eadabl e
sowriteable sys/ socketvar. h
1.

113-120 soreadabl e

#defi ne soreadabl e(so) \

((so0)->so_rcv.sb_cc >= (so)->so_rcv.sb_lowat || \
((so0)->so_state & SS_ CANTRCVMORE) || \

(so0)->so_glen ||

UbpP TCP

2.
121-128 sowriteable

#define sowiteabl e(so) \
(sbspace( &(so)->so0_snd)

(so0)->so0_error)

1( 16-4)

>= (s0)->s0_snd. sb_| onat && \

(((so0)->so_state&SS | SCONNECTED) || \
((so0)->so_proto->pr_flags&PR_CONNREQUI RED) ==0) || \
((so0)->so_state & SS CANTSENDMORE) || \

(s0)->so_error)

TCP UDP

2048 UDP sowriteable
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sbspace sb_hi wat so_| owat
TCP 2048
16-52
3.
129-140 so_oobmark SS RECVATMARK

16.13.3 selrecord

16-57 selinfo ( 16-3 sb_sel
41 struct selinfo { select.
42 pid_t si_pid; /* process to be notified */
43 short si_flags; /* 0 or SI_COLL */
44 };
select.h
16-57 selinfo
41-44 sel ect sl _pid
sel ect sl _flags SI _COLL
sl _fl ags
soo_sel ect selrecord 16-58
S_generic.c
522 void Y58
523 selrecord(selector, sip)
524 struct proc *selector;
525 struct selinfo *sip; !
526 {
527 struct proc *p;
528 pid_t mypid;
529 mypid = selector->p_pid;
530 if (sip->si_pid == mypid)
531 return;
532 if (sip->si_pid && (p = pfind(sip->si_pid)) &&
533 p->p_wchan == (caddr_t) & selwait)
534 sip->si_flags |= SI_COLL;
535 else
536 sip->si_pid = mypid;
537 ) .
sys_generic.c
16-58 selrecord
1.
522-531 selrecord sel ect proc
selinfo so_snd.sb_sel so_rcv.sb_sel
selinfo sel ect
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2. ?
532-534 sel ect Sl _COLL
3.
535-537 si _pid 0
si_pid
16.13.4 sel wakeup
Net/3
selinfo
( SI _COLL) Net/3
16-54
sel ect tsl eep sel wai t
wakeup sel ect —_
16-59 sel wakeup
16-59 sel wakeup
16-59
16-59 sel wakeup
sel wakeup 16-60
541-548 si_pid 0 sel ect
549-553 sel ect nselcoll 1
sel ect 16-54 tsl eep
nsel col | sel ect ( 16.9)
554-567 si_pid sel wai t
P_SELECT sel record
sel scan
EBADF selinfo sel wakeup sel wakup
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16 1/0
sel _pid selinfo
sel wakeup nsel col | 0
select
sys_generic.c
541 void Y58
542 selwakeup (sip)
543 struct selinfo *sip;
544 {
545 struct proc *p;
546 int s;
547 if (sip->si_pid == 0)
548 return;
549 if (sip->si_flags & SI_COLL) {
550 nselcoll++;
551 sip->si_flags &= ~SI_COLL;
552 wakeup ( (caddr_t) & selwait);
553 }
554 p = pfind(sip->si_pid);
555 sip->si_pid = 0;
556 if (p != NULL) {
557 s = splhigh():
558 if (p->p_wchan == (caddr_t) & selwait) {
559 if (p->p_stat == SSLEEP)
560 setrunnable(p);
561 else
562 unsleep (p);
563 } else if (p->p_flag & P_SELECT)
564 p->p_flag &= ~P_SELECT;
565 splx(s);
566 }
567 } .
sys_genertc.c
16-60 sel wakeup
16.14
sosend soreceive
sel ect
sel ect selinfo
sel ect

16.1

write
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sosend resid

16.2 sosend MCLBYTES space MCLBYTES
atomi ¢ mbuf
?
16.3 sosend soreceive
?
16.4 PR_ATOM C
MSG_EOR
?
16.5 MSG_DONTWAI T
sosend ?
16.6 sb_cc<sb_hi wat sbhspace ?
?
16.7 recvit ?
16.8 sorecei ve MSG_EOR
16.9 nsel col | sel ect sel wakeup ?

16.10 sel ect sel ect



	第16 章插口I/O
	16.1 引言
	16.2 代码介绍
	16.3 插口缓存
	16.4 w r i t e 、w r i t e v 、s e n d t o 和s e n d m s g 系统调用
	16.4 w r i t e 、w r i t e v 、s e n d t o 和s e n d m s g 系统调用
	16.5 s e n d m s g 系统调用
	16.6 s e n d i t 函数
	16.6.1 u i o m o v e 函数
	16.6.2 举例
	16.6.3 s e n d i t 代码

	16.7 s o s e n d 函数
	16.7.1 可靠的协议缓存
	16.7.2 不可靠的协议缓存
	16.7.3 s o s e n d 函数小结
	16.7.4 性能问题

	16.8 r e a d 、r e a d v 、r e c v f r o m 和r e c v m s g 系统调用
	16.9 r e c v m s g 系统调用
	16.10 r e c v i t 函数
	1 6 . 11 s o r e c e i v e 函数
	1 6 . 11.1 带外数据
	1 6 . 11.2 举例
	1 6 . 11.3 其他的接收操作选项
	1 6 . 11.4 接收缓存的组织：报文边界
	1 6 . 11.5 接收缓存的组织：没有报文边界
	1 6 . 11.6 控制信息和带外数据

	16.12 s o r e c e i v e 代码
	16.13 s e l e c t 系统调用
	16.13.1 s e l s c a n 函数
	16.13.2 s o o _ s e l e c t 函数
	16.13.3 s e l r e c o r d 函数
	16.13.4 s e l w a k e u p 函数

	16.14 小结


