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( 12-3)
ether _ipmulticast_mn | u_char [] 1P
ether __ipnmulticast_max | u_char [] 1P
i p_nrouter struct socket
12-3
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i ps_noroute
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IP
|IEEE
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12-5 IP
12-5 D IP
9 32 IP (123 12.14
12-6 Net/3
61 #define ETHER_MAP_IP_MULTICAST(ipaddr, enaddr) \ 1f_ether.h
62 /* struct in_addr *ipaddr; */ \
63 /* u_char enaddr[6]; */ A\
64 { \
65 (enaddr) [0] = 0x01; \
66 (enaddr) [1] = Ox00; \
67 (enaddr) [2] = 0x5e; \
68 (enaddr) [3] = ((u_char *)ipaddr)[1l] & Ox7f; \
69 (enaddr) [4] = ((u_char *)ipaddr)[2]; \
70 (enaddr) [5] = ((u_char *)ipaddr) (3]; \
71 }
if etherh
12-6 ETHER MAP_I P_MLTI CAST
IP
61-71 ETHER MAP_| P_MULTI CAST 12-5 i paddr D
enaddr 6 3
0x01 0x00 Ox5e 0 D IP 23
12.4 ether _nulti
Net/3
1P

et her _nul ti ( 12-7)
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. if_etherh
147 struct ether_multi {
148 u_char enm_addrlo[6]; /* low or only address of range */
149 u_char enm_addrhi[6]; /* high or only address of range */
150 struct arpcom *enm_ac; /* back pointer to -arpcom */
151 u_int enm_refcount; /* no. claims to this addr/range */
152 struct ether_multi *enm next; /* ptr to next ether_multi */
153 }; .
if_ether.h
12-7 ether_mul ti
1.
147-153 enm_addrl o enm_ addrhi
enm addrl o enm addr hi ether_rmul ti
arpcom ( 3-26) ARP—— arpcom
Net/3
enm ac arpcom enm r ef count ether _nmul ti
0 arpcom enm_next et her _mul ti
12-8 ether_mul ti l e_softc[O0]
i fnet
le_softc[0]: _
ifnet{}
arpcom{}
ac_multiaddrsg|
le_softc{}
ether_multi(} ether multi{} ether multi{}
01:00:5€:00:01:02 01:00:5e:00:00:02 01:00:5€:00:00:01
01:00:5€:00:01:02 01:00:5€:00:00:02 01:00:5€:00:00:01
- enm_ac - enm_ac enm_ac
enm_refcount enm_refcount enm_refcount
enm_next enm_next enm_next —:
12-8 ether_nul ti LANCE
12-8
. 224.0.0.1( ) 224.0.0.2( )
224.0.1.2(SGI-dogfight) IP
IP 225.0.0.1

225.0.0.2 226.0.1.2
. enm_ac

eether_multi
12-9 ETHER_LOOKUP_MULTI
2.

166-177 addrl o addrhi

ehter _nmul ti

ether _nulti

arpcom
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for enm addrl o enm addr hi
addrl o addr hi enm
ether _mul ti

166 #define ETHER_LOOKUP_MULTI (addrlo, addrhi, ac, enm) \ lf_ether'h
167 /* u_char addrlo[6]; */ \
168 /* u_char addrhi[6]1; */ \
169 /* struct arpcom *ac; */ \
170 /* struct ether_multi *enm; */ \
171 { \
172 for ((enm) = (ac)-»ac_multiaddrs; \
173 (enm) != NULL && \
174 _ (bcmp ( (enm) ->enm_addrlo, (addrlo), 6) != 0 || \
175 bemp ( (enm) ->enm_addrhi, (addrhi), 6) t!t= 0); \
176 (enm) = (enm)->enm_next); \ :
177 } .
if_etherh
12-9 EMHR LAKWP_MULTI
12.5
1P Net/3
IP
12-10 i octl
S| OCADDMULTI struct ifreq * ifioctl
S| OCDELMULTI struct ifreq ¥ ifioctl
12-10 ioctl
ifioctl( 12-11) ifreq ( 6-12)
if.c
440 case SIOCADDMULTI:
441 case SIOCDELMULTI:
442 if (error = suser (p->p_ucred, &p->p_acflag))
443 return (error);
444 if (ifp->if_ioctl == NULL)
445 return (EOPNOTSUPP) ;
446 return ((*ifp->if_ioctl) (ifp, cmd, data)); ifc
12-11 ifioctl
440-446 if_ioctl i fioctl
126 in_nmulti
12.4 1P
1P 1P

IP in_ifaddr 6.5
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12-12 in_multi

IP { }

in_varh

111 struct in_multi {

112 struct in_addr inm_addr; /* IP multicast address */
113 struct ifnet *inm_ifp; /* back pointer to ifnet */
114 struct in_ifaddr *inm_ia; /* back pointer to in_ifaddr */
115 u_int inm_refcount; /* no. membership claims by sockets */
116 u_int inm_timer; /* IGMP membership report timer */
117 struct in multi *inm_next; /* ptr to next multicast address */
118 }; .
} in_varh
12-12 in_mul ti
1IP
111-118 i nm_addr D ( 224.0.01 ) inmifp
i fnet inmia i n_ifaddr
in_mul ti
inm refcount
inm_refcount O in_multi
ether _rnulti 0
inmtimer 13 IGMP i nm_next
in_multi
12-13 l e _softc[0] IP
ifnet:
le_softc[0]:
ifnet{}
arpcom{}
le_softc(}
in i1faddr(}
ifa_ifp .
ifa_next in _multi(} in multi(} in_multi{}
l 224.0.1.2 224.0.0.2 224.0.0.1
= — inm_ifp — inm_ifp - inm_ifp
ia_multiaddrs _lnm.ia - inm ia - inm_ia
inm_refcount inm_refcount

in_ifaddr:

inm_refcount

inm_timer

inm_timer

inm_timer

inm_next

inm_next

inm_next

12-13 le
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ether_nul ti ( 12-34)
| e_softc[l] arpcom
I N LOOKUP_MULTI ( 12-14) IP
2.1P
131-146 | N_LOOKUP_MULTI ifp addr
IFP_TO I A Internet in_ifaddr ifp in_ifaddr
IFP_TO I A for IP inm
in_multi
in_varh

131 #define IN_LOOKUP_MULTI (addr, ifp, inm) \

132 /* struct in_addr addr; */ \
133 /* struct ifnet *ifp; */ \
134 /* struct in_multi *inm; */ \
135 { \
136 struct in_ifaddr *ia; \
137 \
138 IFP_TO_IA((ifp), ia); \
139 if (ia == NULL) \
140 (inm) = NULL; \
141 else \
142 for ((inm) = ia->ia_multiaddrs; \
143 (inm) != NULL && (inm)->inm_addr.s_addr != (addr) .s_addr; \
144 (inm) = inm->inm_next) \
145 continue; \
146 } ,
in_varh
12-14 IN LOOKWP_MULTI
12.7 i p_noptions
i p_moptions UDP
i p_out put
error = ip_output(m inp->inp_options, & np->inp_route
i np->i np_socket - >so_options & (SO _DONTROUTE| SO _BROADCAST)
i np->i np_noptions);
22 inp Internet (PCB) UDP
socket PCB PCB i np_noptions i p_nmoptions
i p_output
i p_noptions 12-15 i p_noptions
- - ip_varh
100 struct ip_moptions ({
101 struct ifnet *imo_multicast_ifp; /* ifp for outgoing multicasts */
102 u_char imo_multicast_ttl; /* TTL for outgoing multicasts */
103 u_char imo_multicast_loop; /* 1 => hear sends if a member */
104 u_short imo_num memberships; /* no. memberships this socket */
105 struct in_multi *imo_membership [IP_MAX_MEMBERSHIPS];
106 };

ip_varh

12-15 ip_noptions
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100-106 i p_out put imo_multicast _ifp
im_multicast_ifp (14 )
imo_nmulticast ttl IPTTL

inmo_multicast_loop O
inmo_multicast _loop 1

i mo_num_nmenber shi ps i mo_nmenber ship {
} 1P 1P
i mo_menmber ship in_multi in_multi
i n_ifaddr
12.8
12-16 IP i p_noptions
IP_MULTICAST_IF struct in_addrn ip_ctloutput
IP_MULTICAST_TTL u_char i p_ctloutput TTL
IP_MULTICAST_LOOP u_char i p_ctloutput
1P_ADD_MEMBERSHIP struct ip_mred ip_ctloutput
IP_DROP_MEMBERSHIP | struct ip_mred ip_ctloutput

12-16
8-31 i p_ctl out put 12-17
448 case PRCO_SETOPT: 1p_output.c
449 switch (optname) {

486 case IP_MULTICAST IF:
487 case IP_MULTICAST TTL:
488 ' case IP_MULTICAST_LOOP:
489 case IP_ADD_MEMBERSHIP:
490 case IP_DROP_MEMBERSHIP: .
491 error = ip_setmoptions (optname, &inp->inp_moptions, m);
492 break;

493 freeit:

494 default:

495 error = EINVAL;

496 break;

497 }

498 if (m)

12-17 ip_ctlout put
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499 (void) m_free(m);
500 break;

501 case PRCO_GETOPT:

502 switch (optname) {

539 case IP_MULTICAST_IF:

540 case IP_MULTICAST TTL:
541 case IP_MULTICAST_LOOP:
542 case IP_ADD_MEMBERSHIP:
543 case IP_DROP_MEMBERSHIP:
544 error = ip_getmoptions (optname, inp->inp_moptions, mp);
545 break;
546 , default:
547 error = ENOPROTOOPT;
548 break;
549 } .
ip_output.c
12-17 ()
486-491 i p_setmoptions ip_getmoptions
i p_nmoptions
539-549 ip_getnoptions ip_setnoptions i octl
PRCO_SETOPT PRCO_GETOPT
ENOPROTOOPT
12.9 TTL
TTL TTL IP
(scope)
RFC 1122 P TTL P
TTL 0 TTL
TTL
TTL O
TTL
12-18 TTL
IP ip_ttl ([Casner 1993])
TTL

32
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TTL 32( 32) TTL 32(
) _— TTL 0
TTL 128 32 ( 128-32=96
) 128
ip_ttl
0
1
31
32
63
64
95 IETF 2
127 IETF 1
128
159 IETF 2
191 IETF 1
223 IETF 2
255 IETF 1
12-18 IP TTL

12.9.1 MBONE

Internet IP
1993] IP _
MBONE 12-18
TTL 31 32
IPTTL 255
MBONE
12.9.2
TTL TTL
(expanding-ring search  [Boggs 1982])
TTL 1
TTL 2 2 TTL

RFC 1546 [Partridge Mendez Milliken 1993]
(anycasting) IP

12.10 i p_setnoptions

i p_setmoptions

MBONE,[Casner

IETF 1
MBONE MBONE

TTL O

swi tch 12-19
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i p_setnoptions switch
ip_output.c
650 int P tp
651 ip_setmoptions (optname, imop, m)
652 int optname;

653 struct ip_moptions **imop;
654 struct mbuf *m;

655 {
656 int error = 0;
657 u_char loop;
658 int i;
659 struct in_addr addr;
660 struct ip_mreq *mreq;
661 struct ifnet *ifp;
662 struct ip_moptions *imo = *imop;
663 struct route ro;
664 struct sockaddr_in *dst;
665 if (imo == NULL) {
666 /*
667 * No multicast option buffer attached to the pcb;
668 * allocate one and initialize to default values.
669 */
670 imo = (struct ip_moptions *) malloc(sizeof (*imo), M_IPMOPTS,
671 M_WAITOK) ;
672 if (imo == NULL)
673 return (ENOBUFS);
674 *imop = imo;
675 imo->imo_multicast_ifp = NULL;
676 imo->imo_multicast_ttl = IP_DEFAULT _MULTICAST TTL;
677 imo->imo_multicast_loop = IP_DEFAULT MULTICAST_ LOOP;
678 imo->imo_num_memberships = 0;
679 }
680 switch (optname) {
857 default:
858 error = EOPNOTSUPP;
859 break;
860 }
861 /*
862 * If all options have default values, no need to keep the mbuf.
863 */
864 if (imo->imo_multicast_ifp == NULL &&
865 imo->imo_multicast_ttl == IP_DEFAULT_MULTICAST_ TTL &&
866 imo->imo_multicast_loop == IP_DEFAULT MULTICAST_ LOOP &&
867 imo->imo_num memberships == 0) {
868 free(*imop, M_IPMOPTS);
869 *imop = NULL;
870 }
871 return (error);
872 1} .
ip_output.c
12-19 ip_setnoptions
650-664 opt name i mop

i p_notions *imop i p_setnoptions
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i p_setmoptions i p_moptions
*i mop i p_setnoptions ENOBUFS
error error m
mbuf(  12-16 )
1.
665-679 i p_nmoptions i p_setnoptions
TTL 1(1 P_DEFAULT_MULTI CAST_TTL)
i p_out put
2.
680-860 i p_setnoptions switch case
def aul t ( ) error EOPNOT SUPP
3. OK
861-872 switch i p_setnoptions i p_noptions
i p_setnoptions 0
12.10.1 I P_MULTI CAST_I F
optname | P_MJLTICAST | F i p_setnmoptions nbuf
12-20
ip_output.c
681 case IP_MULTICAST IF:
682 /*
683 * Select the interface for outgoing multicast packets.
684 */
685 if (m == NULL || m->m_len != sizeof(struct in_addr)) {
686 error = EINVAL;
687 break;
688 }
689 addr = *(mtod(m, struct in_addr *));
690 /*
691 * INADDR_ANY is used to remove a previous selection.
692 * When no interface is selected, a default one is
693 * chosen every time a multicast packet is sent.
694 */
695 if (addr.s_addr == INADDR_ANY) {
696 imo->imo_multicast_ifp = NULL;
697 break;
698 }
699 /*
700 * The selected interface is identified by its local
701 * IP address. Find the interface and confirm that
702 * it supports multicasting.
703 */

12-20 ip_setnoptions
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704 INADDR_TO_IFP(addr, ifp);
705 if (ifp == NULL || (ifp->if_flags & IFF_MULTICAST) == 0) {
706 error = EADDRNOTAVAIL;
707 break;
708 }
709 imo->imo_multicast_ifp = ifp;
710 break; .
ip_output.c
12-20 ()
1.
681-698 mbuf mbuf i n_addr
i p_setmoptions El NVAL addr
| NADDR_ANY i p_noptions
( 12-40)
2.
699-710 addr | NADDR _TO I FP
EADDRNOTAVAI L ifp
i p_nmoptions
12.10.2 TTL 1P_MULTICAST_TTL
opt name | P_MULTI CAST_TTL IPTTL
TTL i p_output 12-21
711 case IP_MULTICAST_TTL: p_output.c
712 /*
713 * Set the IP time-to-live for outgoing multicast packets.
714 */
715 if (m == NULL || m->m_len != 1) {
716 error = EINVAL;
717 break;
718 }
719 imo->imo_multicast_ttl = *{(mtod(m, u_char *));
720 break;
ip_output.c
12-21 ip_setnoptions TTL

TTL
711-720
El NVAL

12.10.3 I P_MULTI CAST_LOOP

imo_nulticast _ttl
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| P_MULTI CAST_LOOP  ( 12-22) i p_moptions

ip_output.c
721 case IP_MULTICAST_LOOP:
722 /*
723 * Set the loopback flag for outgoing multicast packets.
724 * Must be zero or one.
725 *x/
726 if (m == NULL || m->m_len != 1 ||
727 (loop = *(mtod(m, u_char *))) > 1) {
728 error = EINVAL;
729 break;
730 }
731 imo->imo_multicast_loop = loop;
732 break; .
ip_output.c
12-22 i p_setnoptions
721-732 m 1 0 1 El NVAL
im_nulticast _loop O 1
12-23 imo_multicast ttl
imo_nulticast | oop
. 1 e Recipients
1mo_mu icast-
- Outgoing Local Remote Other
_loop _ttl Interface? -| Network? | Networks? | Interfaces?
1 0 .
1 1 ° .
1 >1 . . . see text
12-23 TTL
12-23 TTL
( 126
(14)
12.11 IP
( 6-17) IP
( ) in_multi
ether _rmulti
optname | P_ADDMEMBERSHI P mbuf 12-24
i p_nreq
in.h
148 struct ip_mreq {
149 struct in_addr imr_multiaddr; /* IP multicast address of group */
150 struct in_addr imr_interface; /* local IP address of interface */
151 }; .
in.h

12-24 ip nmmeq
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148-151 inr_mul ti addr inr_interface IP
ip_nreq { }
12-25

setsockopt getsockopt

first join request last leave request

SIOCDELMULTI

12-25

i p_setmoptions( 12-26) | P_ADD_MEMBERSHI P

i p_noptions P E—

LANCE

733 case IP_ADD_MEMBERSHIP: ip-output.c

734 /*

735 * Add a multicast group membership.

736 * Group must be a valid IP multicast address.

737 */

738 if (m == NULL || m->m_len !'= sizeof (struct ip_mreq)) {

739 error = EINVAL;

740 break;

741 }

742 mreq = mtod(m, struct ip mreq *);

743 if (!IN_MULTICAST(ntohl(mreq—>imr_multiaddr.s_addr))) {

744 error = EINVAL; :

745 break;

746 }

747 /*

748 * If no interface address was provided, use the interface of

749 * the route to the given multicast address.

750 */

751 if (mreq->imr_interface.s_addr == INADDR_ANY) {

752 ro.ro_rt = NULL;

753 dst = (struct sockaddr_in *) &ro.ro_dst;

754 dst->sin_len = sizeof (*dst);

755 dst->sin_family = AF_INET;

12-26 ip_setnoptions
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756 dst->sin_addr = mreqg->imr multiaddr;

757 rtalloc(&ro);

758 if (ro.ro_rt == NULL) {

759 error = EADDRNOTAVAIL;

760 break;

761 }

762 ifp = ro.ro_rt->rt_ifp;

763 rtfree(ro.ro_rt);

764 } else {

765 INADDR_TO_IFP(mreq->imr_interface, ifp);

766 }

767 /*

768 * See if we found an interface, and confirm that it

769 * supports multicast.

770 */

771 if (ifp == NULL || (ifp->if_flags & IFF_MULTICAST) == 0) {

772 error = EADDRNOTAVAIL; '

773 break;

774 }

775 /*

776 * See if the membership already exists or if all the

777 * membership slots are full.

778 */

779 for (i = 0; i < imo->imo_num memberships; ++i) {

780 if (imo->imo_membership{i]->inm_ifp == ifp &&

781 imo->imo_membership{i]->inm_addr.s_addr

782 == mreqg->imr_multiaddr.s_addr)

783 break;

784 }

785 if (i < imo->imo_num_memberships) {

786 error = EADDRINUSE;

787 break;

788 }

789 if (i == IP_MAX MEMBERSHIPS) ({

790 error = ETOOMANYREFS;

791 break;

792 }

793 /*

794 * Everything looks good; add a new record to the multicast

795 * address list for the given interface.

796 */

797 if ((imo->imo_membership([i] =

798 in_addmulti (&mreq->imr_multiaddr, ifp)) == NULL) {

798 error = ENOBUFS;

800 break;

801 }

802 ++imo->imo_num_memberships;

803 break; .

ip_output.c
12-26 ()
1.
733-746 i p_setnoptions mbuf
(inr _mul ti addr) i p_setnoptions ENI VAL
M eq i p_nreq
2.

747-774 (intr _interface) | NADDR_ANY i p_setmoptions
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12 P
route
rtall oc rtall oc
EADDRNOTAVAI L ifp
int _interface | NADDR_ANY | NADDR_TO_| FP
EADDRNOTAVAI L
8.5 route 19.2 rtall oc 14
3.
775-792 i mo_menber ship
for EADDRI NUSE
ETOOMANYREFS
4,
793-803 in_addmul ti P
i n_addmul ti in_multi ( 12-12)
1
12.11.1 in_addmrul ti
i n_addmul ti in_delmulti( 12-27 12-36)
in_multi
m.c
469 struct in_multi *
470 in_addmulti(ap, ifp)
471 struct in_addr *ap;
472 struct ifnet *ifp;
473 {
474 struct in_multi *inm;
475 struct ifreq ifr;
476 struct in_ifaddr *ia;
477 int s = splnet();
478 /*
479 * See if address already in list.
480 */
481 IN_LOOKUP_MULTI (*ap, ifp, inm);
482 if (inm != NULL) {
483 /*
484 * Found it; just increment the reference count.
485 */ '
486 ++inm->inm_refcount;
487 } else { .
n.c
12-27 in_addnul ti
1.
469-487 i p_setnoptions ap D ifp
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| N_LOOKUP_MULTI ( 12-14)

in_addmul ti
12-28
in.c
487 } else {
488 /*
489 * New address; allocate a new multicast record
490 * and link it into the interface’s multicast list.
491 */ :
492 inm = (struct in_multi *) malloc(sizeof (*inm),
493 M_IPMADDR, M_NOWAIT);
494 if (inm == NULL) {
495 splx(s);
496 return (NULL);
497 }
498 inm->inm_addr = *ap;
499 inm->inm_ifp = ifp;
500 inm->inm refcount = 1;
501 IFP_TO_IA(ifp, ia):;
502 if (ia == NULL) {
503 free(inm, M _IPMADDR);
504 splx(s);
505 return (NULL);
506 }
507 inm->inm_ia = ia;
508 inm->inm_next = ia->ia_multiaddrs;
509 ja->ia_multiaddrs = inm;
510 /*
511 * Ask the network driver to update its multicast reception
512 * filter appropriately for the new address.
513 */
514 ((struct sockaddr_in *) &ifr.ifr_addr)->sin_family = AF_INET;
515 ((struct sockaddr_in *) &ifr.ifr_addr)->sin_addr = *ap;
516 if ((ifp->if_ioctl == NULL) 1|
517 (*ifp->if ioctl) (ifp, SIOCADDMULTI, (caddr_t) & ifr) != 0) {
518 ia->ia_multiaddrs = inm->inm_next;
519 free(inm, M _IPMADDR) ;
520 splx(s);
521 return (NULL);
522 }
523 /*
524 * Let IGMP know that we have joined a new IP multicast group.
525 */ .
526 igmp_joingroup (inm) ;
527 }
528 splx(s);:
529 return (inm);
530 } .
m.c
12-28 in_addnul ti
2. in_nmulti
487-509 i n_addnul ti in_multi
in_ifaddr( 12-13) ia_multiaddrs
3.

510-530 if_ioctl in_addmul ti
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ifreq ( 4-23) S| OCADDMUL TI
in_multi in_addmul ti
i gnp_j oi ngroup
i n_addnul ti in_multi
12.11.2 slioctl |oioctl S| OCADDMULTI  SI OCDELMULTI
SLIP 12-29
SLIP
673 case SIOCADDMULTI : sl
674 case SIOCDELMULTI:
675 ifr = (struct ifreqg *) data;
676 if (ifr == 0) { .
677 error = EAFNOSUPPORT; /* XXX */
678 break;
679 }
680 switch (ifr->ifr_addr.sa_family) {
681 case AF_INET:
682 break;
683 default:
684 error = EAFNOSUPPORT;
685 break;
686 }
687 break; .
if_sl.c
12-29 slioctl
673-687 AF_I NET EAFNOSUPPORT
12-30
if loop.c
152 case SIOCADDMULTI: f;oop
153 case SIOCDELMULTI:
154 ifr = (struct ifreq *) data;
155 if (ifr == 0) {
156 error = EAFNOSUPPORT; /* XXX */
157 break;
158 }
159 switch (ifr->ifr_addr.sa_family) {
160 case AF_INET:
161 break;
162 default:
163 error = EAFNOSUPPORT;
164 break;
165 }
166 break; i
if_loop.c
12-30 lioctl
152-166 12-29 SLIP
AF_| NET EAFNOSUPPORT
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12.11.3 | ei oct| S| OCADDMULTI  SI OCDELMULTI
4-2 LANCE leioctl if_ioctl 12-31
S| OCADDMULTI  SI OCDELMULTI
if_le.c
657 case SIOCADDMULTI:
658 case SIOCDELMULTI:
659 /* Update our multicast list */
660 error = (cmd == SIOCADDMULTI) ?
661 ether_addmulti((struct ifreq *) data, &le->sc_ac)
662 ether_delmulti ( (struct ifreq *) data, &le->sc_ac);
663 if (error == ENETRESET) {
664 /*
665 * Multicast list has changed; set the hardware
666 * filter accordingly.
667 */
668 lereset (ifp->if_unit);
669 error = 0;
670 }
671 break;
if le.c
12-31 leioctl
657-671 | eioctl et her _addmulti ether_del mul ti
1P ENETRESET
| ei octl | ereset
| er eset LANCE
| ereset ether _nmul ti
LANCE
| ereset | FP_ALLMULTI
12.11.4 ether _addmrul ti
et her _addrul ti S| OCADDMULTI
IPD ( 12-5) ether _mul ti 12-32
ether _rulti
1.
366-399 et her _addmul ti addrl o addrhi ( )
AF_UNSPEC et her _addnul ti
addr| o addr hi AF_| NET

| NADDR_ANY (0.0.0.0) ether_addmul ti addrl o
ether _ipmulticast_min addr hi et her _i pmul ti cast _max

u_char ether_ipmulticast_nmn[6] = { O0x01, 0x00, Ox5e, 0x00, 0x00, 0x00 }
u_char ether_iprulticast_nax[6] = { 0x01, 0x00, Ox5e, Ox7f, Oxff, Oxff };
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- if_ethersubr.c
366 int
367 ether_addmulti(ifr, ac)
368 struct ifreq *ifr;
369 struct arpcom *ac;
370 {
371 struct ether_multi *enm;
372 struct sockaddr_in *sin;
373 u_char addrlo([6];
374 u_char addrhi[6];
375 int s = splimp();
376 switch (ifr->»ifr_addr.sa_family) {
377 case AF_UNSPEC:
378 becopy (ifr->ifr_addr.sa_data, addrlo, 6);
379 bcopy (addrlo, addrhi, 6);
380 break;
381 case AF_INET:
382 sin = (struct sockaddr_in *) &(ifr->ifr_addr);
383 if (sin->sin_addr.s_addr == INADDR_ANY) {
384 /*
385 * An IP address of INADDR_ANY means listen to all
386 * of the Ethernet multicast addresses used for IP.
387 * (This is for the sake of IP multicast routers.)
388 */
389 becopy (ether_ipmulticast_min, addrlo, 6);
390 bcopy (ether_ipmulticast_max, addrhi, 6);
391 } else { :
392 ETHER_MAP_IP_MULTICAST (&sin->sin_addr, addrlo);
393 becopy (addrlo, addrhi, 6);
394 }
395 break;
396 default:
397 splx(s);
398 return (EAFNOSUPPORT) ;
399 }
if_ethersubr.c
12-32 ether_addnul ti
et her broadcast addr (4.3 ) 48 bit
IP IP | NADDR_ANY
IANA IP
mrout ed (8)

| NADDR_ANY S| OCADDMULTI

ETHER_MAP_I P_MULTI CAST P

EAFNOSUPPORT

addr| o addr hi

et her _addnmul ti 12-33
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if_ethersubr.c

400 /* )

401 * Verify that we have valid Ethernet multicast addresses.

402 */

403 if ((addrlo[0] & 0x01) !=1 || (addrhi[0] & 0x01) 1= 1) {

404 splx(s);

405 return (EINVAL);

406 }

407 /*

408 * See if the address range is already in the list.

409 */

410 ETHER_LOOKUP_MULTI (addrlo, addrhi, ac, enm);

411 if (enm != NULL) {

412 /*

413 * FPound it; just increment the reference count.

414 */

415 ++enm->enm_refcount;

416 splx(s);

417 return (0);

418 }

419 /*

420 * New address or range; malloc a new multicast record

421 * and link it into the interface’s multicast list.

422 */

423 enm = (struct ether_multi *) malloc(sizeof (*enm), M_IFMADDR, M_NOWAIT);

424 if (enm == NULL) {

425 splx(s);

426 return (ENOBUFS);

427 } .

428 bcopy (addrlo, enm->enm_addrlo, 6);

429 bcopy (addrhi, enm->enm_addrhi, 6);

430 enm->enm_ac = ac;

431 enm->enm_refcount = 1;

432 enm->enm_rniext = ac-»ac_multiaddrs;

433 ac-»ac_multiaddrs = enm;

434 ac->ac_multicnt++;

435 splx(s);

436 /*

437 * Return ENETRESET to inform the driver that the list has changed

438 * and its reception filter should be adjusted accordingly.

439 */ ‘

440 return (ENETRESET) ;

441 }

if_ethersubr.c
12-33 ether_addmul ti
2.
400-418 et her _addrul ti ( 4-12)
ETHER _LOOKUP_MULTI ( 12-9)
ether_mul ti (enm_r ef count)
et her _addmul ti 0
3. ether_mul ti

419-441 ether_rmulti

arpcom ( 12-8) ac_nul tiaddrs et her _addrul ti
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ENETRESET
12-34
ether _mul ti

LANCE ip_moptions in_multi

ifnet:

le_softc[0]: ether_multi{} in_moptions (3

multicast_ifp

1#net(} 7 W 01:00:5e:00:00:01
01:00:5e:00:00:01
arpcom({} (. — enm_ac
/ enm_refcount
! ac_multiaddrs enm_next -
le_softc(} j?_ i
in_ifaddr({} in_multi()}
224.0.0.1
- inm_ifp
— inm_ia
inm_refcount
inm_timer
inm_next
N
12-34
12.12 IP
i p_moptions 1P in_multi ether_nmul ti
i p_setnoptions | P_DROP_MEMBERSHI P 12-35
804 case IP_DROP_MEMBERSHIP: ip_output.c
805 /*
806 * Drop a multicast group membership.
807 * Group must be a valid IP multicast address.
808 */
809 if (m == NULL || m->m_len != sizeof(struct ip_mreq)) {
810 error = EINVAL;
811 break;
812 }
813 mreq = mtod(m, struct ip_mreq *);
814 if (!IN_MULTICAST (ntohl (mreq->imr_multiaddr.s_addr))) {
815 error = EINVAL;
816 break;
817 }
818 /*
819 * If an interface address was specified, get a pointer
820 * to its ifnet structure.
821 */
822 if (mreg->imr_interface.s_addr == INADDR_ANY)
823 ifp = NULL;
824 else {
825 INADDR_TO_IFP (mreqg->imr_interface, ifp);-

12-35 ip_setnoptions
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826 if (ifp == NULL) {
827 error = EADDRNOTAVAIL;
828 break;
829 }
830 }
831 /*
832 * Find the membership in the membership array.
833 */
834 for (i = 0; i < imo->imo_num_memberships; ++i) {
835 if ((ifp == NULL ||
836 imo->imo_membership[i]->inm_ifp == ifp) &&
837 imo->imo_membership[i] ->inm addr.s_addr ==
838 mreqg->imr_multiaddr.s_addr)
839 break;
840 }
841 if (i == imo->imo_num_ memberships) {
842 error = EADDRNOTAVAIL;
843 break;
844 }
845 /*
846 * Give up the multicast address record to which the
847 * membership points.
848 */
849 in_delmulti (imo->imo_membership([i]);
850 /*
851 * Remove the gap in the membership array.
852 */
853 for (++i; i < imo->imo_num_memberships; ++i)
854 imo->imo_membership[i - 1] = imo->imo_membership([i];
855 --imo->imo_num_memberships; -
856 break; .
ip_output.c
12-35 ()
1.
804-830 i p_nreq i nr_nul tiaddr
inr _interface

El NVAL EADDRNOTAVAI L switch

2.

831-856 for { } in_multi
EADDRNOTAVAI L in_delmulti in_multi
for

12.12.1 in_del mul ti

in_delmulti( 12-36)
in_multi
in_multi
534-567 in_delmulti in_mult
0 { }
i gnmp_| eavegr oup 13.8

for in_multi
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534 int
535 in_delmulti (inm)
536 struct in_multi *inm;
537 {
538 struct in_multi **p;
539 struct ifreq ifr;
540 int s = splnet();
541 if (--inm->inm_refcount == 0) {
542 /*
543 * No remaining claims to this record; let IGMP know that
544 * we are leaving the multicast group.
545 */
546 igmp_leavegroup (inm) ;
547 /*
548 * Unlink from list.
549 */
550 for (p = &inm->inm_ia->ia_multiaddrs;
551 *p != inm;
552 P = &(*p)->inm_next)
553 continue;
554 *p = (*p)->inm_next;
555 /* .
556 * Notify the network driver to update its multicast reception
557 * filter.
558 */
559 ((struct sockaddr_in *) &(ifr.ifr_addr))->sin_family = AF_INET;
560 ({struct sockaddr_in *) &(ifr.ifr_addr))->sin_addr =
561 inm->inm_addr;
562 (*inm->inm_ifp->if_ioctl) (inm->inm_ifp, SIOCDELMULTI,
563 (caddr_t) & ifr);
564 free(inm, M_IPMADDR);
565 }
566 splx(s);
567 } .
m.c
12-36 in_del mul ti
for conti nue
conti nue
12-9 ETHER_LOOKUP_MULTI conti nue
in_multi in_del multi
S| OCDELMULTI

ether _multi in_multi

LANCE SI OCDELMULTI 12-31

S| OCADDRMULTI

12.12.2 ether _del nulti
IP in_multi

ether _mul ti “ K IP IP et her
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mul ti 0 12-37 ether_del mul ti
- if_ethersubr.c
445 int
446 ether delmulti(ifr, ac)
447 struct ifreq *ifr;
448 struct arpcom *ac;
449 {
450 struct ether_multi *enm;
451 struct ether_multi **p;
452 struct sockaddr_in *sin;
453 u_char addrlol[6];
454 u_char addrhi(6];
455 int s = splimp():
456 switch (ifr->ifr_addr.sa_family) {
457 case AF_UNSPEC:
458 becopy (ifr->ifr_addr.sa_data, addrlo, 6);
459 bcopy (addrlo, addrhi, 6);
460 break;
461 case AF_INET:
462 sin = (struct sockaddr_in *) &(ifr->ifr_addr);
463 if (sin->sin_addr.s_addr == INADDR_ANY) {
464 /* ’
465 * An IP address of INADDR_ANY means stop listening
466 * to the range of Ethernet multicast addresses used
467 * for IP.
468 */
469 bcopy (ether_ipmulticast_min, addrlo, 6);
470 bcopy (ether_ipmulticast_max, addrhi, 6);
471 } else { '
472 ETHER_MAP_IP_MULTICAST (&sin->sin_addr, addrlo);
473 becopy (addrlo, addrhi, 6);
474 }
475 break;
476 default:
477 splx{s);
478 return (EAFNOSUPPORT) ;
479 }
480 /*
481 * Look up the address in our 1list.
482 */ .
483 ETHER_LOOKUP_MULTI (addrlo, addrhi, ac, enm);
484 if (enm == NULL) {
485 splx(s);
486 return (ENXIO);
487 }
488 if (--enm->enm_refcount != 0) {
489 /*
490 * Still some claims to this record.
491 */
492 splx(s);
493 return (0);
494 }
495 /*
496 * No remaining claims to this record; unlink and free it.
497 */

12-37 ether _del mul ti
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498
499
500
501
502
503
504
505
506
507
508
509
510
511

for (p = &enm->enm_ac->ac_multiaddrs;
*p != enm; )

P = &(*p)->enm_next)

continue;
*p = (*p)->enm_next;
free(enm, M_IFMADDR) ;
ac->ac_multicnt--;
splx(s);
/*

* Return ENETRESET to inform the driver that the list has changed

* and its reception filter should be adjusted accordingly.

*/
return (ENETRESET) ;
}

445-479 ether _del multi

12-37 ()

et her __addrnmul ti

addr| o addr hi
1 ether _nmul ti
480-494 ETHER_LOOKUP_MULTI ether _mul ti
ENXI O 1
ether _delrmulti
2. ether _mul ti
495-511 for ether_multi
ENETRESET
12.13 i p_getnoptions
i p_get noptions
876-914 ip_getmoptions opt name
i p_noptions np mbuf m_get
( addr ttl |oop) mbuf
| P_MJULTI CAST_I F IFP_TO I A
| NADDR_ANY

| P_MULTI CAST_TTL imo_multicast _ttl
1(1 P_DEFAULT_MULTI CAST_TTL)
| P_MULTI CAST_LOOP
1(1 P_DEFAULT_MULTI CAST_LOOP)
EOPNOT SUPP

imo_multicast | oop

mbuf

mbuf

if_ethersubr.c

12-38

TTL
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ip _output.c
876 int poutpu
877 ip_getmoptions{optname, imo, mp)
878 int optname;
879 struct ip_moptions *imo;
880 struct mbuf **mp;
881 { :
882 u_char *ttl;
883 u_char *loop;
884 struct in_addr *addr;
885 struct in_ifaddr *ia;
886 *mp = m_get (M_WAIT, MT_SOOPTS);
887 switch (optname) {
888 case IP_MULTICAST IF:
889 addr = mtod(*mp, struct in_addr *);
890 (*mp) ->m_len = sizeof(struct in_addr);
891 if (imo == NULL || imo->imo_multicast_ifp == NULL)
892 addr->s_addr = INADDR_ANY;
893 else { '
894 IFP_TO_IA(imo->imo_multicast_ifp, ia);
895 addr->s_addr = (ia == NULL) ? INADDR_ANY
896 : IA_SIN(ia)-»sin_addr.s_addr;
897 }
898 return (0);
899 case IP_MULTICAST_ TTL:
900 ttl = mtod(*mp, u_char *);
901 (*mp) ->m_len = 1;
902 *ttl = (imo == NULL) ? IP_DEFAULT MULTICAST_ TTL
903 imo->imo_multicast_ttl;
904 return (0);
905 case IP_MULTICAST_LOOP:
906 loop = mtod(*mp, u_char *);
907 (*mp)->m_len = 1;
908 *loop = (imo == NULL) ? IP_DEFAULT_MULTICAST_LOOP
909 imo->imo_multicast_loop;
910 return (0);
911 default:
912 return (EOPNOTSUPP) ;
913 }
914 } .
ip_output.c
12-38 ip_get noptions
12.14 i pintr
P
4-13 et her _i nput IP
IP (ipintrq) mbuf M_MCAST i pintr
i pintr 12-39

i pintr
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214-245 IP
IP (ip_mrouter) ip_id
(i p_nf orward ) i p_nforward
(multicast tunnel) i p_nforward
i ps_cant forward 1
14 IP
i p_nforward i pintr
i p_nforward 0 ip_id i pintr
ip IGMP ours ( 10-11 ipintr)
IGMP IGMP

246-257 12-39

| N_LOOKUP_MULTI

ipintr( 10-11) ours

214
215
216

217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236

237
238
239
240
241

: — ip_input.c
if (IN_MULTICAST{(ntohl (ip->ip_dst.s_addr))) {

struct in_multi *inm;
~ extern struct socket *ip_mrouter;

if (ip_mrouter) {
/*

*

If we are acting as a multicast router, all
incoming multicast packets are passed to the
kernel-level multicast forwarding function.

The packet is returned (relatively) intact; if
ip_mforward() returns a non-zero value, the packet
must be discarded, else it may be accepted below.

(The IP ident field is put in the same byte order
as expected when ip_mforward() is called from
ip_output().)

* % o o ¥ ¥ ¥ ¥ % *

~

ip->ip_id = htons(ip->ip_id);

if (ip_mforward(m, m->m pkthdr.rcvif) != 0) {
ipstat.ips_cantforward++;
m_freem(m) ;
goto next;

}

ip->ip_id = ntohs(ip->ip_id);

/*

* The process-level routing demon needs to receive
* all multicast IGMP packets, whether or not this
* host belongs to their destination groups.

*/

12-39 ipintr
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242 if (ip->ip_p == IPPROTO_IGMP)
243 goto ours;
244 ipstat.ips_forward++;
245 }
246 /*
247 * See if we belong to the destination multicast group on the
248 * arrival interface.
249 */
250 IN_LOOKUP_MULTI (ip->ip_dst, m->m_pkthdr.rcvif, inm);
251 if (inm == NULL) {
252 ipstat.ips_cantforward++;
253 m_£freem(m) ;
254 goto next;
255 }
256 goto ours;
257 } .
ip_input.c
12-39 ()
12.15 I p_out put
8 i p_out put i p_output nmp
i p_out put np i p_noptions
i p_out put 12-40 12-41 ip m
mbuf i fp
- - - ip_output.c
129 if (IN_MULTICAST(ntohl (ip->ip_dst.s_addr))) {
130 struct in_multi *inm;
131 extern struct ifnet loif;
132 m->m_flags |= M_MCAST;
133 /*
134 * TP destination address is multicast. Make sure “dst"
135 * still points to the address in "ro". (It may have been
136 * changed to point to a gateway address, above.)
137 */
138 dst = (struct sockaddr_in *) &ro->ro_dst;
139 /*
140 * See if the caller provided any multicast options
141 */
142 if (imo != NULL) {
143 ip->ip_ttl = imo->imo_multicast_ttl;
144 if (imo->imo_multicast_ifp != NULL)
145 ifp = imo->imo_multicast_ifp;
146 } else
147 ip->ip_ttl = IP_DEFAULT MULTICAST_ TTL;
148 /*
149 * Confirm that the outgoing interface supports multicast.
150 */
151 if ((ifp->if_flags & IFF_MULTICAST) == 0) {
152 ipstat.ips_noroute++;
153 error = ENETUNREACH;
154 goto bad;
155 }
156 /*

12-40 ip_out put
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157 * If source address not specified yet, use address
158 * of outgoing interface.
159 */
160 if (ip->ip_src.s_addr == INADDR_ANY) {
161 struct in_ifaddr *ia;
162 for (ia = in_ifaddr; ia; ia = ia->ia_next)
163 if (ia-»ia_ifp == ifp) {
164 ip->ip_src = IA_SIN(ia)->sin_addr;
165 break;
166 }
167 }
12-40 ( )
168 IN_LOOKUP_MULTI (ip->ip_dst, ifp, inm);
169 if (inm != NULL &&
170 (imo == NULL || imo->imo_multicast_loop)) {
171 /*
172 * If we belong to the destination multicast group
173 * on the outgoing interface, and the caller did not
174 * forbid loopback, loop back a copy.
175 */
176 ip_mloopback(ifp, m, dst);
177 } else {
178 /*
179 * If we are acting as a multicast router, perform
180 * multicast forwarding as if the packet had just
181 * arrived on the interface to which we are about
182 * to send. The multicast forwarding function
183 * recursively calls this function, using the
184 * TP_FORWARDING flag to prevent infinite recursion.
185 *
186 * Multicasts that are looped back by ip_mloopback(),
187 * above, will be forwarded by the ip_input() routine,
188 * if necessary.
189 */
190 extern struct socket *ip_mrouter;
191 if (ip_mrouter && (flags & IP_FORWARDING) == 0) {
192 if (ip_mforward(m, ifp) != 0) {
193 m_freem(m) ;
194 goto done;
195 }
196 }
197 }
198 /*
199 * Multicasts with a time-to-live of zero may be looped-
200 * back, above, but must not be transmitted on a network.
201 * Algso, multicasts addressed to the loopback interface
202 * are not sent -- the above call to ip_mloopback() will
203 * loop back a copy if this host actually belongs to the
204 * destination group on the loopback interface.
205 */ .
206 if (ip->ip_ttl == |l ifp == &loif) {
207 m_freem{m) ;
208 goto done;
209 }
210 goto sendit;
211

12-41 ip_out put

ip_output.c

ip_output.c

ip_output.c
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1
129-155 12-40 i p_out put
mbuf M_MCAST dst i p_out put
( 8-249)
i p_noptions ip_ttl ifp ip_ttl
1(l P_DEFAULT_MULTI CAST_TTL)
i p_noptions i p_out put
ENETUNREACH
2.
156-167 for IP
i p_src
12-41 i p_out put
3.
168-176 | N_LOOKUP_MULTI
imo_multicast_|oop i p_m oopback
4
178-197
i p_nforward i p_nforward 0
i p_out put
ip_mforward ip_output i p_mforward
i p_out put | P_FORWARDI NG
| F_FORWARDI NG
5.
198-209 TTL O (i p_mforward )
TTL O i p_out put TTL
i p_m oopback
6.
210-211
sendi t (i p_out put 8-25) i f_out put
21.10 et her _out put ar presol ve



China=pubecom o

ar presol ve ETHER_MAP_MULTI CAST ETHER_MAP_MULTI CAST IP
i p_mnl oopback
i p_m oopback | oout put ( 5-27) i p_m oopback
| oout put 12-42
i p_m oopback
ip_output.c

935 static void

936 ip_mloopback(ifp, m, dst)
937 struct ifnet *ifp;

938 struct mbuf *m;

939 struct sockaddr_in *dst;

940 {
941 struct ip *ip;
942 struct mbuf *copym;
943 copym = m_copy (m, 0, M_COPYALL);
944 if (copym != NULL) {
945 /*
946 * We don’'t bother to fragment if the IP length is greater
947 * than the interface’s MTU. Can this possibly matter?
948 */
949 ip = mtod(copym, struct ip *);
950 ip->ip_len = htons((u_short) ip->ip_len);
951 ip->ip_off = htons((u_short) ip->ip_off);
952 ip->ip_sum = 0;
953 ip->ip_sum = in_cksum(copym, ip->ip_hl << 2);
954 (void) looutput(ifp, copym, (struct sockaddr *) dst, NULL);
955 }
956 } .
ip_output.c
12-42 i p_nh oopback
929-956
i p_m oopback ip_len ip_off | oout put
1P
12.16
Net/3
i pintr IP
IP P
12.17
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in-nmulti ether_multi IP
IP
| NADDR_ANY
S| OCADDMULTI
i p_noptions TTL
in_multi
1P
TTL
12.1 IP 255.255.255.255 IP 224.0.0.1
12.2 IP
IP
123 123 32 IP 32 bit
9 hit 512(2°) IP
12.4 | P_MAX_MEMBERSHI PS 20
i p_nmoptions ( 12-15)
125 IP ( )
12.6
12.7 SLIP
12.8 | P_MAX_MEMBERSHI PS
12.9
12.10 IP
12.11 in_delmulti S| OCDELMULTI
i oct |
12.12 i p_getmoptions mbuf

12.13
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