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i.e., the ability for a node to report interest in listening to packets *only* from specific source addresses, as required to support Source-Specific Multicast [RFC3569], or from *all but* specific source addresses, sent to a particular multicast address. MLDv2 is designed to be interoperable with MLDv1. Y —XBE&EDO IV FF+ X F[RFC3569]%HR— 93
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words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT", "SHOULD", "SHOULD NOT", "RECOMMENDED", "MAY", and "OPTIONAL" in this document are to be interpreted as described in [RFC2119]. Due to the lack of italics, emphasis is indicated herein by bracketing a word or phrase in "*" characters. Furthermore, square brackets are
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VTIE, 7O RJJVOEEICDVTEEICHBLEY, WTOEIY 3V TR, 7O RJLOFMERRALUEXY, MLD is an asymmetric protocol; it specifies separate behaviors for multicast address listeners (i.e., hosts or routers that listen to multicast packets) and multicast routers. The purpose of MLD is to enable each multicast router to learn, for each of its
directly attached links, which multicast addresses and which sources have interested listeners on that link. The information gathered by MLD is provided to whichever multicast routing protocol is used by the router, in order to ensure that multicast packets are delivered to all links where there are listeners interested in such packets. MLDIZ. JEXIFRD
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SNEBERIT. RIIVFFEYARI=F«2770NIE JIVFFF AT Y EAZOESIB/I\T Y FITEKRUZFT—DHIIRTOU VI CEEESNDICEERIATBIEHIC. I—FICE>TERASNBHICRITESNTLIEXYT, Multicast routers only need to know that *at least one* node on an attached link is listening to packets for a particular multicast address, from a
particular source; a multicast router is not required to *individually* keep track of the interests of each neighboring node. (Nevertheless, see Appendix A2 item 1 for discussion.) /ILFF ¥ X RIL—F 3. E—DRFV VT [T¥ LR EE—DOD*) — RHIBEEDY —ANSE, BEDIIFFv AT RLAONT Y FZEENTNBZEEZH>TEKMENBDET, ILF

Fr AR =L HMEARFZEEE ) — FORZZENTRHICUEESNTINERA, (ZRICTENMDDDET, HEROCODO[TEFA22IEBR1EZSB LT EEL), ) A multicast router performs the *router part* of the MLDv2 protocol (described in details in section 7) on each of its directly attached links. If a multicast router has more than one interface connected to
the same link, it only needs to operate the protocol on one of those interfaces. The router behavior depends on whether there are several multicast routers on the same subnet, or not. If that is the case, a querier election mechanism (described in section 7.6.2) is used to elect a single multicast router to be in Querier state. This router is called the
Querier. All multicast routers on the subnet listen to the messages sent by multicast address listeners, and maintain the same multicast listening information state, so that they can take over the querier role, should the present Querier fail. Nevertheless, only the Querier sends periodical or triggered query messages on the subnet, as described in
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Listening State on Multicast Address Listeners 2.1. EJLRIFF ¥ X LIE, IINFF v XA LT7 RLAOU A F—[TIREEERBIE £ 9 Upper-layer protocols and applications that run on a multicast address listener node use specific service interface calls (described in section 3) to ask the IP layer to enable or disable reception of packets sent to specific multicast
addresses. The node keeps Multicast Address Listening state for each socket on which the service interface calls have been invoked (section 4.1). In addition to this per-socket multicast listening state, a node must also maintain or compute multicast listening state for each of its interfaces (section 4.2). Conceptually, that state consists of a set of
records, with each record containing an IPv6 multicast address, a filter mode, and a source list. The filter mode may be either INCLUDE or EXCLUDE. In INCLUDE mode, reception of packets sent to the specified multicast address is enabled *only* from the source addresses listed in the source list. In EXCLUDE mode, reception of packets sent to the
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FPXALF7 RLRICEEESNEINT Y FOREIZ *YV =AU MCEBESNEEOFZERSITRTORETT RLANSEMICAE>TLIEXT, At most one record per multicast address exists for a given interface. This per-interface state is derived from the per-socket state, but may differ from it when different sockets have differing filter modes and/or source lists for
the same multicast address and interface. After a multicast packet has been accepted from an interface by the IP layer, its subsequent delivery to the application connected to a particular socket depends on the multicast listening state of that socket (and possibly also on other conditions, such as what transport-layer port the socket is bound to). Note
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Queries, and Multicast Address and Source Specific Queries. The Querier periodically sends General Queries, to learn multicast address listener information from an attached link. These queries are used to build and refresh the Multicast Address Listener state inside all multicast routers on the link. —f&§f92 0 T, JILFF+ AT RLABEIIVU. &
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3, Nodes respond to these queries by reporting their per-interface Multicast Address Listening state, through Current State Report messages sent to a specific multicast address all MLDv2 routers on the link listen to. On the other hand, if the listening state of a node changes, the node immediately reports these changes through a State Change
Report message. The State Change Report contains either Filter Mode Change records, Source List Change records, or records of both types. A detailed description of the report messages is presented in section 5.2.12. J — BRI, REDIKERESEEBLU T, UV I LEOITRTOMLDV2II—FEEDINFF ¥ A LT RLRAICEESNcAv -V EBCIC, KEERE
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- OFMEEEBIZ. E7 3 V5.2 12ICRRENTLIETY, Both router and listener state changes are mainly triggered by the expiration of a specific timer, or the reception of an MLD message (listener state change can be also triggered by the invocation of a service interface call). Therefore, to enhance protocol robustness, in spite of the possible
unreliability of message exchanges, messages are retransmitted several times. Furthermore, timers are set so as to take into account the possible message losses, and to wait for retransmissions. DIV =% EU XA F—DREOZKIE, EIC (Fhe, Y—EX - A1V 9=z —-ZARVHUOBRVHUICEK > TRUATBICENTERURT —IRELEF ) BEDY 1 XD
T. EFERIMLDAYE-YDZEICL>TRUATINET, LA >T, JOLIJIOBREHREFHIHIC, AvE—IRBOTEREEEORMICENNDET, AvE—INMREBREEINET., EEATEBAVE-—IYDELERNZLHIC, TUTHBEEEFRIILDICISIC, YI/X—NMRESINTLIET, Periodical General Queries and Current State Reports do not apply
this rule, in order not to overload the link; it is assumed that in general these messages do not generate state changes, their main purpose being to refresh existing state. Thus, even if one such message is lost, the corresponding state will be refreshed during the next reporting period. EH—#&Y T U EIREDRELR—FIE. VYo &EF—)\—0O—-RULAL\E
SICT3HICE. COI-IEERLERA, —BHIC. ChEDOAYE-YII HS5OFEEMIZ. BEOREZY IL Y193 E, RESUIBRELBNWCENMEEINET, LN DT, ZOLSBAVE-IHKDONTE, WOT DREIL, ROBSHHERICEHFINET, As opposed to Current State Reports, State Change Reports are retransmitted several times, in
order to avoid them being missed by one or more multicast routers. The number of retransmissions depends on the so-called Robustness Variable. This variable allows tuning the protocol according to the expected packet loss on a link. If a link is expected to be lossy (e.g., a wireless connection), the value of the Robustness Variable may be increased.
MLD is robust to [Robustness Variable]-1 packet losses. This document recommends a default value of 2 for the Robustness Variable (see section 9.1). IRIK¥E & IIWEBHIC, KEZHDLR— LI, ENESZIDXRLIIEHRORILFFr AR —FICL>TRLENZOZERITBIHIC. BESNRUVSDOHNOBRBETY, BEXEHIE. VWO B3O/NX FRIAEBRICKEFLET, C
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to the same per-interface state entry occur before all the retransmissions of the State Change Report for the first change have been completed, each additional change triggers the immediate transmission of a new State Change Report. Section 6.1 shows how the content of this new report is computed. Retransmissions of the new State Change Report
will be scheduled as well, in order to ensure that each instance of state change is transmitted at least [Robustness Variable] times. US>V =T 24 ABMAOKELY FUADLIDELOEENKE UCIBSERVIOEEFOODOREEFTREDIRNTOBENTTI BRI, ThZThOEMEENFH UL VAEZEREOMIFEEFEEFUAUET, 6.18TIE. COMULRSEE
DREBZEFETIHZEERLTIET, UL VRETEREDHIRIL, REZMHLDOESM VATV AL, LECEEONR FRATHIEREEIND EEFRIAT BHIC, BRICATYa—J)lEhxd, Ifanode on a link expresses, through a State Change Report, its desire to no longer listen to a particular multicast address (or source), the Querier must query for other
listeners of the multicast address (or source) before deleting the multicast address (or source) from its Multicast Address Listener state and stopping the corresponding traffic. Thus, the Querier sends a Multicast Address U7 E® J — Rl KETBHREEZBE LT, KRBT BBEIE. BITOAOHKIE. BEOTIFFvAFTZRLR (XkIZV—XR) ICEE{ET.
JIVT7IE, IVFFY A7 ELRZHIRT RIS, IIVFFP AR RELA(XERY—-R) OOURF—Z2B2UBIThIERDEBAZOIINFF v A LT RLAUZAF—RENDS (XRRBY—X) EJRBITZI ST vV EELELVLET, CTOEDIC, 7TVTE. RIVFFv A7 RLAEEEUEXT Specific Query to verify whether there are nodes still listening to a specified
multicast address or not. Similarly, the Querier sends a Multicast Address and Source Specific Query to verify whether, for a specified multicast address, there are nodes still listening to a specific set of sources, or not. Section 5.1.13 describes each query in more detail. FIEEEESNIERILFF YA LT RFLANEDHEEL ) — NG INEDIHEREZRT D
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Source Specific Queries are only sent in response to State Change Reports, never in response to Current State Reports. This distinction between the two types of reports is needed to avoid the router treating all Multicast Listener Reports as potential changes in state. By doing so, the fast leave mechanism of MLDv2, described in more detail in section
2.2, might not be effective if a State Change Report is lost, and only the following Current State Report is received by the router. Nevertheless, it avoids an increased processing at the router and it reduces the MLD traffic on the link. More details on the necessity of distinguishing between the two report types can be found in Appendix Al. £E55%,
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Current State Reports, that contain their per-interface Multicast Address Listening state only for the multicast addresses (or sources) being queried. / — Fld, BRENB3EFIINFFv AT RLRA (FRIZYV—R) OREZBLSESDI VI —T A AEBMUOINFF v A L7 ELANEBENTNBRKLR—-FEBUCTLEREOVIVICIRELEXY, As stated earlier, in
order to ensure protocol robustness, all the queries, except the periodical General Queries, are retransmitted several times within a given time interval. The number of retransmissions depends on the Robustness Variable. If, while scheduling new queries, there are pending queries to be retransmitted for the same multicast address, the new queries
and the pending queries have to be merged. In addition, host reports received for a multicast address with pending queries may affect the contents of those queries. The process of building and maintaining the state of pending queries is presented in section 7.6.3. £I[CIAXRf=LDIC, TOFJIOEBREUHEERT B/HIC. IRTOVIVUIE, EHHIC—HRYI T
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F7RELADREHICRITEIEL U, REBPOIVTUDREEBEL, #5920 €723 V7.6.3[CRENTLIETY, Protocol robustness is also enhanced through the use of the S flag (Suppress Router-Side Processing). As described above, when a Multicast Address Specific or a Multicast Address and Source Specific Query is sent by the Querier, a
number of retransmissions of the query are scheduled. In the original (first) query the S flag is clear. When the Querier sends this query, it lowers the timers for the concerned multicast address (or source) to a given value; similarly, any non-querier multicast router that receives the query lowers its timers in the same way. Nevertheless, while waiting
for the next scheduled queries to be sent, the Querier may receive a report that updates the timers. The scheduled queries still have to be sent, in order to ensure that a non-querier router keeps its state synchronized with the current Querier (the non-querier router might have missed the first query). Nevertheless, the timers should not be lowered
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a Filter Mode, a Filter Timer, and a Source List, with a timer associated to each source from the list. The Filter Mode is used to summarize the total listening state of a multicast address to a minimum set, such that all nodes' listening states are respected. The Filter Mode may change in response to the reception of particular types of report messages,
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interested in that address are in INCLUDE mode. The router state is represented through the notation INCLUDE (A), where A is a list of sources, called the "Include List". The Include List is the set of sources that one or more listeners on the link have requested to receive. All the sources from the Include List will be forwarded by the router. Any
other source that is not in the Include List will be blocked by the router. Z®7 F L X [CHEIKEAU VI EOTRTOURFT—HNUTIBE-RFESHDIEBEDI VI—T M1 A LOBEORIVFF v A L7 RLADTESOHOINCLUDEE— RTIL=FHHIET, IL—FDREFIREEZNLUTREIN., AZRY—-AOUXFTH3 (A)ZZSD. "URLEZHDZ ., EFIENET, §HB3UR
POV EDIADEEIZZENU LDV A FT —HAZITBCEEER LTS EEY —ADEY FTT, EHBIURARNEIRTOYV—RIE, IV—FICL>TEHEENET, 17— FUXFCRWVEEOHOY —RII)I—FICL>TTOYIENEY, Asource can be added to the current Include List if a listener in INCLUDE mode sends a Current State or a State Change
Report that includes that source. Each source from the Include List is associated with a source timer that is updated whenever a listener in INCLUDE mode sends a report that confirms its interest in that specific source. If the timer of a source from the Include List expires, the source is deleted from the Include List. ¥ — X3, IREICENT D ENTE
P2TURT—E—-RAZOREZEEVREORELREZEREEZXEFEIFENTBZEESIVARNEENTINET, FHBIVARDEEY—-AETURFT—NE-FIL. ZOBEDOY—-XATZOELERRA L. LR— FEZEFEINCLUDERUVICEHINLEY - XYM I —ICEHEMTLEINTIET, EHBUIANEY—ADYII—DBT UEHESIL. V-REEHZ2—EBHNSHRSNET,
Besides this "soft leave" mechanism, there is also a "fast leave" scheme in MLDv2; it is also based on the use of source timers. When a node in INCLUDE mode expresses its desire to stop listening to a specific source, all the multicast routers on the link lower their timers for that source to a given value. The Querier then sends a Multicast Address and
Source Specific Query, to verify whether there are other listeners for that source on the link, or not. If a report that includes this source is received before the timer expiration, all the multicast routers on the link update the source timer. If not, the source is deleted from the Include List. The handling of the Include List, according to the received
reports, is detailed in Tables 7.4.1 and 7.4.2. Z® "V 7 FRAKER ) OAANZZILADFEFMNIC, MLDV2ORIC "EEMIE, ARTEHDET, ThidFzFr, V-XAFYIIOFERICEDITIIET, E—-Fid HEOYV-RAEBELETZIMREREIZEEIC, /—REIE. VY7 EOIRTORIVFFvALIL=5I1d, SASNEEICEDY —ADEHICELEDYAII—ETFIFTES, VIU7
X, UV EOZQOY—ADMD I RFT—H1H2HNESHERRABT DEHIC, IIVWFFPYALTZELAEYV-ABEOIVIUEEEL, £RIITREGDEFEA, COV—RZERULR—FI FIXETRICZEINTNZEHESE. UV ILEOIRTORIVFFrARIN—FIE,. EETIIR—ZEHLET., BLIFEIE. V-REEZHZ2—EBHNSHIRENET, 127I)b— U FOEDHRLIE,
ZITEofefRSIc LB E R74.18LV7.42THARLET, A router is in EXCLUDE mode for a specific multicast address on a given interface if there is at least one listener in EXCLUDE mode for that address on the link. When the first report is received from such a listener, the router sets the Filter Timer that corresponds to that address. This timer is
reset each time an EXCLUDE mode listener confirms its listening state through a Current State Report. The timer is also updated when a listener, formerly in INCLUDE mode, announces its filter mode change through a State Change Report message. If the Filter Timer expires, it means that there are no more listeners in EXCLUDE mode on the link.
In this case, the router switches back to INCLUDE mode for that multicast address. JL—=#% I3, LB EE—DOURFT—HPUY I ETEDT7 FLADE—- FEZEXCLUDEICFETY 3158, BHEDAI VY —TIA A LOBHEDRIVFF v A L7 FLRICH UTEXCLUDEE— FTY, RYIDHSIE. COXDBRURAF—HNERELIEE, W—FIFEOT FLALCHIET 2T 1IVIT1
R—&H{/ELEY, COYIX—IF. SEEZEU Y FANBRRESEEZBUT. URZVTIREERZTSZE— FUXF—%EEXCLUDETY, BARITIE, URXF—Id. INCLUDEE— FEFICHY IR —EEH IO, REEFREAVEZ-JEBUTCED TN E-—REEFERKRLUE LR, T4 IFTIINFET UEBES., ThIZZZICEIB<OURFT=NHDEEAV YT EOE— RAHIBREIN T
LWBZTEEERULET, CDIBE. IL—FIETEZORINFFr AT ELADEHDOINCLUDEE— RICERIDEXY, When the router is in EXCLUDE mode, the router state is represented by the notation EXCLUDE (X,Y), where X is called the "Requested List" and Y is called the "Exclude List". All sources, except those from the Exclude List, will be forwarded by the
router. The Requested List has no effect on forwarding. Nevertheless, the router has to maintain the Requested List for two reasons: JL—#%[IEXCLUDEE— FTH 3158, I —FKEIIXA "ERU X k) EFEEN, YIE, "RV B, EFEIENBREEXCLUDE (X, Y) TRENFXT, IRTOV—-RIE BRI ZAEDSOEDERE, IV—FICL>TEHEETNET, EXU
AR ERRICIIFELEBA,. TRICEMDDET, JL—%I(F 2DDOEBEHDEODERUX FEHIZTZENHIIFET, o To keep track of sources that listeners in INCLUDE mode listen to. This is necessary to assure a seamless transition of the router to INCLUDE mode, when there is no listener in EXCLUDE mode left. This transition should not interrupt the
flow of traffic to listeners in INCLUDE mode for that multicast address. Therefore, at the time of the transition, the Requested List should contain the set of sources that nodes in INCLUDE mode have explicitly requested. FICU X F—HE— RESD T EEBIRBEE BT 3 cHICoNBEMEITEY, T— REEXCLUDETHAL\U RF—HIEELRLBEE. Thid.
E-FRZEBOUEISICIN—FDY—LLABBITERLET ZIVENHGDIEXT, COBITIE. ZORINFFr A L7 RFLADEODINCLUDEE—RTURFT—AD LS T4 v I DORNEFRHULTIIRDEEA, TORH, BITEHICIZ. EXUZ I, BBRHUICERUTLVBINCLUDEE—-FD /- FY -0ty FABENTLIZWENH )X I, When the router switches to INCLUDE mode,
the sources in the Requested List are moved to the Include List, and the Exclude List is deleted. Before switching, the Requested List can contain an inexact guess of the sources listeners in INCLUDE mode listen to - might be too large or too small. These inexactitudes are due to the fact that the Requested List is also used for fast blocking purposes,
as described below. If such a fast blocking is required, some sources may be deleted from the Requested List (as shown in Tables 7.4.1 and 7.4.2) in order to reduce router state. Nevertheless, in each such case the Filter Timer is updated as well. Therefore, listeners in INCLUDE mode will have enough time, before an eventual switching, to reconfirm
their interest in the eliminated source(s), and rebuild the Requested List accordingly. The protocol ensures that when a switch to INCLUDE mode occurs, the Requested List will be accurate. Details about the transition of the router to INCLUDE mode are presented in Appendix A3. JL—% - A1 Y F(I. E—FEEHZESICTRE ERUIALRAOY - %&
BHBIURLICBEESNh, ZUTHRINI X RIEBRESNET, tIDBASRIIC. EBRUZXKMI, INCLUDEE— RTY—RURFT—OAREEBEANZEECCENTEXIICEEMEITS - KETEINNSTEZE[EEMENBDET., b Dinexactitudesld, LUFICEHAT I LSICERY A MIFe, BERABATOVFY VOEMOLEDICERETNTNZENSEXRICEALTNET, COLSBEE
BRAMEBERIBEIE. L<OHADY—RIE IW—FREZRBET BHIC. (R741EXV74A2ICRTLDOC) BERUZAMSEBRULTELTY, ZhICERADSET. ZNTNCOLOBIFEICIIT A I IFTIIEERICEHINET, LA >T, INCLUDEE— RTURF -3, REMNBIIDEBADORIC. +HBEEZER > THRY —X (S) CALEBRERI BHIC. TNICKHUTEKR
DA +EBRBELXY, JO0FJVIZINCLUDEE— RADHIDEANRELRIGEIC. ERUXMIEETHZIZEMRIESNEYT, INCLUDEE— RIC/IL—FDBITICDLTOFMIZ. [MERASICIRREINTLIET, o To allow the fast blocking of previously unblocked sources. If the router receives a report that contains such a request, the concerned sources are added to
the Requested List. Their timers are set to a given small value, and a Multicast Address and Source Specific Query is sent by the Querier, to check whether there are nodes on the link still interested in those sources, or not. If no node announces its interest in receiving those specific source, the timers of those sources expire. Then, the sources are
moved from the Requested List to the Exclude List. From then on, the sources will be blocked by the router. BAFIIC 7OV 7 SN TLRNWY - AOENTOVF Y TZHFATBICIE. O, IL—FIF. COLOBEREBCLR—- FEZELCES. BEHEY —-RXEERUZ FCTEMENET, E5051X—F. SASNC/NSREICERESN. JIIVFFr A7 RLRAEY -IABEBE
B3, BEEBICE>TEEIN, ERINSOY—XICHKARL, FREIVVIED ) —EEAHZIZNEINEFIVIULET, ENOJ—RAZNSOHREDY —REZETIRICEOALERERLTBIIEER. ChEOY—ADOFAII—H1ERIINICEDET, Z0O%. V—RIIRIVIFCERUZA CHSBEINTIEY, ZOBHLE, V- IIN—FICL>TTOVvIEhET, The
handling of the EXCLUDE mode router state, according to the received reports, is detailed in Tables 7.4.1 and 7.4.2. EXCLUDEE — F)L— 7 REOLIEX, FFEULELR-FICLDE, R741BKLUV7.4.2ICERESNTLIET, Both the MLDv2 router and listener behaviors described in this document were defined to ensure backward interoperability with
MLDv1 hosts and routers. Interoperability issues are detailed in section 8. E55%, COXETHEITBIMLDV2)L—45 EUXFT—OTEIEOMLDVIRR &I —F EQOBRBEEERMERRT I EHICEEINTIELE, HEERMOBEIIEI 3 V8THUCHBEINTIIEY, 3. The Service Interface for Requesting IP Multicast Reception 3. 4 —EX - 1% 7 —
AIPRIVFF+ XA FOREEERULEXT Within an IP system, there is (at least conceptually) a service interface used by upper-layer protocols or application programs to ask the IP layer to enable or disable reception of packets sent to specific IP multicast addresses. In order to take full advantage of the capabilities of MLDv2, a node's IP service interface
must support the following operation: IPY 27 ART, BEDIPRINFF v A7 FLRAICEESNE/N\T Y FOREEBNELIZENCTIIPLAVICKIETZ LMETO FINELIIT IV —2 3y - TOVSARE>TERAESNZ Y —ERM V97— R (3, (LPEBCEEHMENICIT) AHDET, MLDV2OMEEERARICERT3HICIE. /—FOIPY—EX -1V 5 =Tz —
Al LTO®RIEEYR— FT20ENHIIET, IPv6MulticastListen ( socket, interface, IPv6 multicast address, filter mode, source list ) IPv6MulticastListen (Yo v kb, 15Tz — X, IPV6RILVFF v A7 RELA, 1L E—E, Y—XU X} ) o "socket" is an implementation-specific parameter used to distinguish among different requesting entities (e.g.,
programs, processes) within the node; the socket parameter of BSD Unix system calls is a specific example. O "V 4o v b, [d. /—RFAOERZIERTOIVT1+T14 (FIZIE. FOTVS A, 7OER) EXATRHICERTIEREED/NSA=YTY, BSD UnixYATAIA=IDOVT Y FINSA=9HEARNRERFITY., o "interface" is a local identifier of the network
interface on which reception of the specified multicast address is to be enabled or disabled. Interfaces may be physical (e.g., an Ethernet interface) or virtual (e.g., the endpoint of a Frame Relay virtual circuit or an IP-in-IP "tunnel"). An implementation may allow a special "unspecified" value to be passed as the interface parameter, in which case the
request would apply to the "primary" or "default" interface of the node (perhaps established by system configuration). If reception of the same multicast address is desired on more than one interface, IPv6MulticastListen is invoked separately for each desired interface. O T4 V9 —Jx— X3, 1 BESNEINFF v AT RLAOZEEEVIIIEYICE
NTNERY FD=94 097 —200-NIERIFTY, 1V5=—TJx14 AL YEH (FIAE A —PRY MUY =T A R) TH>TELLL, RE(FIAE. FJL—LDIY FRAY RS, REBEERIZIPAVIPT RV ZUL=), ZERIT. HHA "TRKEE ., OfEIR. EXAN (5K, YATLEBRICE>THEIENE) /J— RO "R FE "TIHI 11V 5—
JI—RAICHEAINZBEICIIAI VI T —ANSGA—FEVUTETCEETEICT BT ENTEEXT, BURILFFv AT RLAOZENERODI VY —TJ 214 A LTEXN 3158, IPv6MulticastListenld, FIEEO&A V47— A ICH U THZ ICEVHEENET, o "IPv6 multicast address" is the multicast address to which the request pertains. If reception of more than one
multicast address on a given interface is desired, [IPv6MulticastListen is invoked separately for each desired address. O "IPV6RIFF ¥ A L7 FL AL, 1 BERIEFEITIRINFFY A LT RELATY, BEDAI VY —T A A LOBBOIINFF ¥ A 7 ELAOZENESN 3155, [Pv6MulticastListenld, FIEOE T L AICDVTHIZ [CHVHENET, o "filter
mode" may be either INCLUDE or EXCLUDE. In INCLUDE mode, reception of packets sent to the specified multicast address is requested *only* from the source addresses listed in the source list parameter. In EXCLUDE mode, reception of packets sent to the given multicast address is requested from all source addresses *except* those listed in the
source list parameter. O " 74 JLYE—F, I, INCLUDEX/Z[JEXCLUDEDL\TNTH>TELIITY, INCLUDEE—FTIE, BESNEIIFFr A7 RLRAICEBESNE/N\T Y FOZEAEREINTUNZ*EITFFY—IAVZARNSA=FICRESINTUZIEEFT7 FLANS, EXCLUDEE—-RTIE, SA5NEIINFFr A7 RLRAICEEEN/I\TY FOZEIL *Y—-ZAUZR
FINSA=FCREENTLIZ*UIIDIRTOEETT ELANSERENET, o "source list" is an unordered list of zero or more unicast addresses from which multicast reception is desired or not desired, depending on the filter mode. An implementation MAY impose a limit on the size of source lists. When an operation causes the source list size limit to
be exceeded, the service interface SHOULD return an error. O "Y—=2ZU X FIE, 1 IILFF v A FZEIFEOXIIT IS E-RICRUT, FFEShRLAS, EOFXEERZNULEOAZFv A7 RLADIEFFFENTIVARLWI R FTY, ERIE, V-IAUZALOUA XCHBERICENTEET, BREEBBIZYV—-AUX OV A IHRIEELLIBES, V-EX -1V 45—
Jx—RlE, T5—&EIRINETY, Fora given combination of socket, interface, and IPv6 multicast address, only a single filter mode and source list can be in effect at any one time. Nevertheless, either the filter mode or the source list, or both, may be changed by subsequent IPv6MulticastListen requests that specify the same socket, interface, and
IPv6 multicast address. Each subsequent request completely replaces any earlier request for the given socket, interface, and multicast address. Vv k. 19 71—, SLVIPVERILFF P A7 RLADFASQOHEEEICH LT, BE—DTAILIE—EF, V—RAUX L, FEOBETEITHIENTEXT, TNITEMDET, TJ1ILFE—ER, YV=IAUZX DL
IThh £@FEB. BLYTY R AV9T7—R SXVIPVERIVFF v+ A L7 FLAEIBET %4 IPv6MulticastListenBRICLE > TEEIT I ENTEEXY, BHDEERIIZLRICHEES NV I YL AVFT1—R, SLUVIINFFY AT ELADEHICUFIOEREEESRAEY., The MLDv1 protocol did not support source filters, and had a simpler service
interface; it consisted of Start Listening and Stop Listening operations to enable and disable listening to a given multicast address (from *all* sources) on a given interface. The equivalent operations in the new service interface are as follows: MLDv1 70O FOJVIZ. V=X T IV PZEYR—+LL, YV TNBY—-EX - A5 -T2 —-X&EH>TL\FHATLURE, 7
NIVAZVITRI—=EDBRD), BMILT, BEDA VI =T IAALT (F¥FTRT*OY—ZANED ) BESNEIIFF A L7 RLAZBENTEMCT IREEECELELET., ROLDLCHULWY—ER - 419 =T 2 —ATEAEDREIIRDOES 1) TY, The Start Listening operation is equivalent to: IPv6MulticastListen ( socket, interface, IPv6 multicast address,
EXCLUDE, {} ) IPv6MulticastListen (Yo v k., 41 %7 —2X, IPV6XJLFF+ X +7 FL A, EXCLUDE, {}) and the Stop Listening operation is equivalent to: IPv6MulticastListen ( socket, interface, IPv6 multicast address, INCLUDE, {} ) IPv6MulticastListen (Yo v k., 197 x—RX, IPv6IFF+¥ XA 7 FL X, INCLUDE, {}) where {} is an empty
source list. An example of an API that provides the capabilities outlined in this service interface is given in [RFC3678]. COY—EX A1 V5 — T = 1 R ICHEEREEEEIR T Z2APIOAIIE., [RFC3678]ICEEEH SN TLIET, 4. Multicast Listening State Maintained by Nodes 4. IV FF v A FURZVT AT —F - ) — BICK > TH#IFE 4.1, Per-Socket State 4.1. Vv +T &
MIREE For each socket on which IPv6MulticastListen has been invoked, the node records the desired multicast listening state for that socket. That state conceptually consists of a set of records of the form: IPv6MulticastListen " 2ENENEV I Y LD, J—RIZZOVI Y FOTEODFREDOIINFF v A U RAZ U TIREETLIRUET, TOREIIE ST,
T4—LDOLO-FOtY FTEBREINTLIEXY, (interface, IPv6 multicast address, filter mode, source list) (197 x—X, IPV6RIFFv A7 RL A, TaILPE—FE. Y—XU X I ) The per-socket state evolves in response to each invocation of IPv6MulticastListen on the socket, as follows: ;XD LDICY v FTEDIREIZ. V4 v + EIPv6MulticastListen®
EFUVHUICRELUTHENLZXY, o If the requested filter mode is INCLUDE *and* the requested source list is empty, then the entry that corresponds to the requested interface and multicast address is deleted, if present. If no such entry is present, the request has no effect. OBR SN T 1 IV E— RTHIBEICHFET BHBEFEXBERINIEY —AU R RHE
THIHEE. BEREINEAVITI—ABLVNINFFYARTZRLACHIDTZIV FUIR, HIREShZEFENEXT, ZOLOSBIY FUNFEELRBLVIBE, BEXIIZENHIIE£FH A, o If the requested filter mode is EXCLUDE *or* the requested source list is non-empty, then the entry that corresponds to the requested interface and multicast address, if present, is
changed to contain the requested filter mode and source list. If no such entry is present, a new entry is created, using the parameters specified in the request. OBER SN T 1 JLF E— RTHBIIEE*NITFBEREINLEYV —IAVZA AT TRIVEE, EREINEAVITI—ABLUPINFF A LT RLACHRT IV FUN, BET IHES. ERShiEI1ILYE- R,
V=ZAUZXFEEDEDICEFEINBEXCLUDE, ZOL5BIY FUNFELRIBEIZ. FiLLWIY FUIEZ, BERTEEShENSA—9EFEHRHLUT, fElEhxd, 4.2. Per-Interface State 4.2. 1 4% — 27 14 A EMJREE In addition to the per-socket multicast listening state, a node must also maintain or compute multicast listening state for each of its interfaces.
That state conceptually consists of a set of records of the form: JKEEU X ZV TV Iy FTEDORIVFF v AFICMAT, /—FRIE ZOAMU =Tz —ADELZICDOVNTIINFF v AU RAZ Y TREEHEIFT I, FTELRBITNERD FHA, ZOREIITMEMICIE. TJ+—LDOLI—-FOLY FTEREINTLIEY, (IPv6 multicast address, filter mode, source list) (IPv6< )L
FEVYALT7ELA, T10IVFE—-F, Y=RXUX ) At most one record per multicast address exists for a given interface. This per-interface state is derived from the per-socket state, but may differ from it when different sockets have differing filter modes and/or source lists for the same multicast address and interface. For example, suppose one
application or process invokes the following operation on socket s1: YILFF v A 7 FL AT ECRARTIDOLA- R BELEA VI —T M1 ADEDICHEELET, TOMVF—T T —AZEOREIL. VIy FTEQRECHRKRTZIN. BRBAVI Y FPRUINFFY AT RELRESA VI TI—RATREODTAIINIE—ERV/XIIYV—RAVRALEEREBICER>TIT
BELTY, BIAIE, —DOF7 TV —2arvERRIOCINAVS Y FS1IC, ROBEEFEVHLEEULEY, IPv6MulticastListen ( s1, i, m, INCLUDE, {a, b, c} ) IPv6MulticastListen ( S1. I, M, INCLUDE, {A, B, C}) requesting reception on interface i of packets sent to multicast address m, *only* if they come from the sources a, b, or c. Suppose another
application or process invokes the following operation on socket s2: Ch 53V =X, B, £RIICHERBIFE*OH*, IILFF v A7 RLAMICEFEINE/INTY FOIM VY =T 1 —AOFEEBERULET, BO7 U=y arvErIIOCINY T Y RS2, ROBREEFRVHT ERELET., [Pv6MulticastListen ( s2, i, m, INCLUDE, {b, c, d} )

IPv6MulticastListen ( S2, I, M, INCLUDE, {B. C. D} ) requesting reception on the same interface i of packets sent to the same multicast address m, *only* if they come from sources b, c, or d. In order to satisfy the reception requirements of both sockets, it is necessary for interface i to receive packets sent to m from any one of the sources a, b, c,
or d. Thus, in this example, the listening state of interface i for multicast address m has filter mode INCLUDE and source list {a, b, ¢, d}. T 53V —XB, C. XIIDHM5RKBIFE*OH*, IAUIIFF v A7 RLAmITEESNE/INTY FORUA VI =T A ATREEERVLEY, @AOYVIT Y FOZEEREBLI O FARY-ADLV\ThhH, B, C. XIIDMS
MICREEShENT Y FEZRETBLOODIVI—T T —ADEHICWETY, LEN>T, COFITIE. IIVFFPRA L7 RLAMOEODA VI T T —ADURZVTIREINT 1 IV E— RAINCLUDEY —XU X F{A, B, C, D}% Ufz, After a multicast packet has been accepted from an interface by the IP layer, its subsequent delivery to the application or process that
listens on a particular socket depends on the multicast listening state of that socket (and possibly also on other conditions, such as what transport-layer port the socket is bound to). So, in the above example, if a packet arrives on interface i, destined to multicast address m, with source address a, it may be delivered on socket s1 but not on socket s2.
Note that MLDv2 messages are not subject to source filtering and must always be processed by hosts and routers. YJVFF v+ XA FI\T Y FEIPBICK > TA Y H T —ANSZFHIF . BEOVI Y FEUYRY IV —y 3 vEkITOCAANDZOEOZEEIL. EOFSYAR- FREQDHDEHFICESZSKZDOVYIT Y FOIINFF v A YR ZV TREICHKTFT S
(RUOYTY ERIN1 Y BENTL 3-layeriR—F ), NU Y FIIY—XT7 BELRAE, JIVFFP A7 RLAMTE, 41 V5—T7x—RICEETZ2OTHNIE, ERBOFITIE. ZhIIV Iy FSIEICIIRL, YTy FS2[CEET I ENTEEXT, MLDV2OAYE—JRY—-RXTAINWI IV TORRICIIBDXREBAL, BILRAFEN—FICLE>TREShRIFNEBSRZ ETEFRELTL
f==l)\, Requiring the filtering of packets based upon a socket's multicast reception state is a new feature of this service interface. The previous service interface described no filtering based upon multicast listening state; rather, a Start Listening operation on a socket simply caused the node to start to listen to a multicast address on the given
interface; packets sent to that multicast address could be delivered to all sockets, whether they had started to listen or not. Vo v O FF v A FZEREICEDVNT/INVTY FOT NIV TEERTZEIE. COY—ERMI VI T —AOFHETT, IOV —EX - 19 —TJz—RE. INFFrALVRAZVTREICEDVN T IIVI UV T EHRBBLEEA, TU
5. VY5V EDRI—FURZVTIEEIZBEIC ) — RAFEDA VY I—T A ADRIFF v A LT RLAZEBLKEHICHABREIEET, BHEEIEEMEITED UBNWEDTHBOTIENESHEZDIINFFrv A LT FLAREGEENE/\TY FE, IRXRTOVI Y FTEETZZENTEXY, The general rules for deriving the per-interface state from the per-socket state are as
follows: for each distinct (interface, IPv6 multicast address) pair that appears in any per-socket state, a per-interface record is created for that multicast address on that interface. Considering all socket records that contain the same (interface, IPv6 multicast address) pair, XOEDICV T Y FCTEDRENS A VT —T 21 AEMDIREEEHR T B3=HD—HEH
BIRAE. ROESD, FEOVI Y FCEDRETRREINZIZERD (A1 VI Tz =R, IPV6RINFFv AT RLRA)RFICDNT, 41 VF=TJx—ARZTEDQL = RHAZORINFF v X FOEDICERETNZDA V=T A ALOTRELR, BUL(AVFTz—R, IPVORIVFFvAFTRLRA) RT7EZVINRTOVS Y L O—-FEEZ 3% &, o if *any* such record has a filter
mode of EXCLUDE, then the filter mode of the interface record is EXCLUDE, and the source list of the interface record is the intersection of the source lists of all socket records in EXCLUDE mode, minus those source addresses that appear in any socket record in INCLUDE mode. For example, if the socket records for multicast address m on interface
iare: FEO*ZDO&LSHBLO— FAEXCLUDED 7 1 LY E— FEF>TLIZHEHIFZO, EDE, 15 —TJz—ZALA—-FOT 4 )IVFE— FHNEXCLUDETH>T, 19 —Jx4 R, LOA—EFOY—XJRXFIFEXCLUDEE— RTIE, IRXTOVI Y LLO-ROYV—-ZAURAFORERT, YNI1FTRALEDINCLUDEE— RTREOVY Y L O—- RIERREINBIEETT FL R, fc&X

X, 19=TJ 1M RALEOINFFv AT RELZAMOV Sy L O— RIS, FAlL. RO EH D TY, from socket s1: (i, m, EXCLUDE, {a, b, ¢, d} ) from socket s2: (i, m, EXCLUDE, {b, ¢, d, e} ) from socket s3: (i, m, INCLUDE, {d, e, f} ) then the corresponding interface record on interface iis: Z0%. 1 V7 —J A1 A LD TZ1 U7 —-T 14 AL d— FFAIZ
ROEDICHIIETY, If afourth socket is added, such as: From socket s4: (i, m, EXCLUDE, {} ) (I. M, EXCLUDE, {}) : Y4 v kS4h5 then the interface record becomes: ZDE., 1V TJx—AL = FIZRODEDICARIDET, o if *all* such records have a filter mode of INCLUDE, then the filter mode of the interface record is INCLUDE, and the source
list of the interface record is the union of the source lists of all the socket records. For example, if the socket records for multicast address m on interface i are: *3 X T*R ED L O— FAINCLUDEDQ 7 1 )L E— FZEF>TLI\BEEIE. O, ZO®. 19— x—ALA—-FOT71J)LFE—RAINCLUDETH > T, 1V9—TJxA4 X, LOA-EFOY—-XURFIE. IRXRT
DOVITYFLA-BEOY—-RURXFOHESETY, EEAIEX 1 V9=T A RALEORINFF AR RELZAMOVY Sy FLO— RIGE. FAlL. RO EH D TY, from socket s1: (i, m, INCLUDE, {a, b, ¢} ) from socket s2: (i, m, INCLUDE, {b, ¢, d} ) from socket s3: (i, m, INCLUDE, {e, f} ) then the corresponding interface record on interface iis: Z0%. 19 —J A
ALEOXRTE2A V=T A AL A= FRIROELSICHED XY, (m, INCLUDE, {a, b, c,d, e, f} ) (M, INCLUDE, {A. B, C. D, E. F}) An implementation MUST NOT use an EXCLUDE interface record for a multicast address if all sockets for this multicast address are in INCLUDE state. If system resource limits are reached when a per-interface
state source list is calculated, an error MUST be returned to the application which requested the operation. COXIINFF ¥ A L7 ELZADIRTOYVIT Y EATTLDREEZHIFGE. ERIE. WIFFP A7 RLRICHUTEXCLUDESA 97— L - FEFEBLTRBDERRA, 1V9—T—ATLEOREOY -V FEEHTIERICY AT LD Y — RFIBRICE L
ciBE. IS—NMREEERLET7 U -y aVICiRERITNIERD £ A, The above rules for deriving the per-interface state are (re)evaluated whenever an IPv6MulticastListen invocation modifies the per-socket state by adding, deleting, or modifying a per-socket state record. Note that a change of the per-socket state does not necessarily result in a
change of the per-interface state. 1 V4% —7J =14 ABEMUOIREEZEH T 276D LR EIIZIPv6MulticastListentfE U UANBID. BIRR. £V Y FCEOREDL OA-REEFT I EICK), VY RS EOREZZETZVIC (B) MiEchxd, VIy FZEOREOTKIE. BT UEA VI —T o1 AEMOREOTNEELS IR EICEESNELTY, 5.
Message Formats 5. Avt—3Y 7+ —< v  MLDv2 is a sub-protocol of ICMPv6, that is, MLDv2 message types are a subset of ICMPv6 messages, and MLDv2 messages are identified in IPv6 packets by a preceding Next Header value of 58. All MLDv2 messages described in this document MUST be sent with a link-local IPv6 Source MLDv2I3DE 1), @
MLDV2 Ay =Y 94 7L, ICMPVv6AYE—I OB Ty FTH3. OICMPv6DHY T 7O THD, MLDV2ZOAYE—YIE, COXEICEH IS8T R TOMLDV2AY Z—=I DFIORANYSFEICEL > TIPV6/\T v FATEEINAIThITESAERShEIT U >/ O-HIVIPv6Y — X Address, an IPv6 Hop Limit of 1, and an IPv6 Router Alert option [RFC2711] in a Hop-
by-Hop Options header. (The Router Alert option is necessary to cause routers to examine MLDv2 messages sent to IPv6 multicast addresses in which the routers themselves have no interest.) MLDv2 Reports can be sent with the source address set to the unspecified address [RFC3513], if a valid link-local IPv6 source address has not been acquired
yet for the sending interface. (See section 5.2.13. for details.) 7 FL X, Ry TNARY TFH T2 aUAvFIQIPV6DRY TUZ v b, SIVIPVOIL—FEEF T 3V [RFC2711], (=975 —rA T avd, I —9BEKEBEOHABINTIBIPVERILFF ¥ A 7 FLRAICEFESNIEOMLDV2AY E—IERRNBZ DI, W—FERIIEMVETH S, ) BIRIES
MLDv2 L R— kI3, RIEET FL X[RFC3513]ICEREL. EETF RLAICRET BT ENTEXZITU YV O-AIIPVORETT RLRIE, BEAVI T —ADHIC, EEMEBLTIEEA, (V230521388 BULTLESL), EHMICDLTIE, ) There are two MLD message types of concern to the MLDv2 protocol described in this document: TMOXE T:HET 3
MLDv27 0 F JIAOELO2DOMLDAYE—IYDOF A FIHH1)ET, o Multicast Listener Query (Type = decimal 130) IILFF+ A RURFU I U (54 F=/72130) O- o Version 2 Multicast Listener Report (Type = decimal 143). See section 11 for IANA considerations. O/\=Y 3 V2RI FF v A LURFLIR—F (541 T=143%10E#H ). IANAOEESEIEICD
LWTIEEY>av11#8BLTLKEEL), To assure the interoperability with nodes that implement MLDv1 (see section 8), an implementation of MLDv2 must also support the following two message types: MLDV1ZEX9 23 / — REOHEEERMERIET 2=HIC. OMLDV2OEZEL, UWTO2DOAYE—Y - 4 TEHR—-FLULAITNIZESR (293088
B2 ), o Version 1 Multicast Listener Report (Type = decimal 131) [RFC2710] O/N\=Y 3 VIDORILFF v A FURFLR—+ (94 F= 131 10i£# ) [RFC2710] o Version 1 Multicast Listener Done (Type = decimal 132) [RFC2710] O/\—Y aVIRILFF ¥ A FURFTHRET (541 F=/\1132) [RFC2710] Unrecognized message types MUST be silently ignored.
Other message types may be used by newer versions or extensions of MLD, by multicast routing protocols, or for other uses. BESNBL\A Y=Y 54 TEIHE>TERULBITNERDEEA, HOAYE=-IF1TIE IIWFFYAMI=FTos077O0RINICE DT, XIIBOAEDRSHIC, MLDOFH U= 3 Y XIHERICE > TERASNTELLI\TY, In this
document, unless otherwise qualified, the capitalized words "Query" and "Report" refer to MLD Multicast Listener Queries and MLD Version 2 Multicast Listener Reports, respectively. COXETIE, D TRIBHIZERNLRURI, ANXFEOSE "IV, & THREE, 3. #hEh, MLDIYNWFF v XA FURFITUSEUMLDN =Y 3 V2RIVFFY A LURFL
R—FZESBLTLESL), 5.1. Multicast Listener Query Message 5.1. YJLFF+ X LU RXF 49 T U Avtz— Multicast Listener Queries are sent by multicast routers in Querier State to query the multicast listening state of neighboring interfaces. Queries have the following format: YJVFF ¥ A FUXF IV IV BEEAVI—T 1 ADINFFv A LURZY
TREEBLIBZIVIVINOINFFrvARI—FICE>TEESNFET, 7TUOERIZIXDESITT, 012301234567890123456789012345678901 +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ | Type = 130 | Code | Checksum | +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Maximum Response Code | Reserved | +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ | | ¥ * | | * Multicast Address * | | ¥ * | | +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ | Resv |S| QRV | QQIC | Number of Sources (N) | +-+-+-+-+-+-+-+-+-+-+-+-+-+-F-+-+-+-+-+-+-+-F-+-+-+-+-+-+-+-+-
+-+ | | **| | * Source Address [1]* | | ** | | +- -+ | | ** | | * Source Address [2] * | [ ** || +- .-+ ...... +- -+ | | ** | | * Source Address [N] * | | * * | | +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ Initialized to zero by the sender; ignored by receivers. EEEICL > TEOCHEAL, ZFEEICL>TERINhET, 5.1.2.
Checksum 5.1.2. ¥ = v~ H A The standard ICMPv6 checksum; it covers the entire MLDv2 message, plus a "pseudo-header" of IPv6 header fields [RFC2463]. For computing the checksum, the Checksum field is set to zero. When a packet is received, the checksum MUST be verified before processing it. Z2#DICMPv6F = v 7 H LA, FhIILEDMLDV2
Ayt—Y, FSRIPV6ANYS —T 1 — )L F[RFC2463]1D "H#HUANY Y 1 EHIN-ULET, Fzyv I PLAEFHETBLHIC, FvIPLT4— )V FREORERESNET, \Jy FEZEUCEE. FIyv IV ARThENIET ZHIICHERT Z2VWENHDEXI, 5.1.3. Maximum Response Code 5.1.3. &AE J— F The Maximum Response Code field specifies the maximum time
allowed before sending a responding Report. The actual time allowed, called the Maximum Response Delay, is represented in units of milliseconds, and is derived from the Maximum Response Code as follows: EAREI— RT7 1 =)L RARELR— FEIZEETBRICHTTINBIBABEERELE T, ROLDICEROBBIZIS UMEMNTRSIN, SANEKERTEEFEE
h, &), BLUVBEARZI—-RrHSEHEINEY, If Maximum Response Code < 32768, Maximum Response Delay = Maximum Response Code FAH% 1 — F=32768, Maximum Response Code represents a floating-point value as follows: EANZE D — B> = 3276813, BRAREZEI— RIZ, FINHSEZRITBS. UWTFOELDIC: 0123456789ABCDEF
+-+-+-+-+-+-+-+-+-+-+-4+-+-+-+-+-+ |1| exp | mant | +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ Maximum Response Delay = (mant | 0x1000)
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