METKN ITOTOKOB IPV6

H. H. IuBakoB

Kadenpa aBroMaTn3npoBaHHBIX cuCTeM 00pabOTKH MHMOPMAIH, [ OMeIbCKIi TOCYJapCTBEHHbBI YHUBEPCUTET

nvenn Ppanrucka Ckopunbl,dusndeckuii hakyibrer

Tomens, Pecriybnimka Bemapych
E-mail: divakovn@gmail.com

Adpecroe npocmpancmeo IPv6 6ydem pacnpedessmoca IANA (Internet Assigned Numbers Authority - xomuccus

no cmandapmmovim wucaam 6 Hnmeprnem [RFC-1881]). B xawecmse cosemmukos 6ydym sviemynams IAB (internet

architecture board - cosem no aprumexmype Hnumepnem) u IESG (Internet Engineering Steering Group - umnoice-

Hepras epynna ynpasaenus Unmepnem). IANA 6ydem deaczuposamv npasa éwdavwyu IP-adpecos pezuonasbiobum

cepsuc-nposatidepam, cybpeeuoHasbHBM CMPYKMYDPAM U 0P2aHU3aUuaAM. OmiesvHble AUYA U 0P2AHUZAUUU MOYIT

NOAYUUMD A0Peca HENOCPEICMEEHHO OM PE2UOHAADHOZ0 PACTPEICAUNEASL U CEPBUC TPOBATOEDA.

BBEJIEHUE

IPv6 (anru. Intenet Protocol version 6) — sro
HOBas Bepcus MPOTOKOJa 1P, mpu3BaHHas pPENIUThH
po0JIEMBI, ¢ KOTOPBIMU CTOJIKHYJIACH [IPEIBIIY AT
Bepcust (IPv4) npu eé ucnonbzosanuu B VHTEpHE-
Te. B macrosamee Bpems: nporokos IPv6 mpoxoaut
TECTUPOBAHUE U €€ He IOJIYyYWJI IHPOKOrO Pac-
npocrpanenusi B VlHTepHeTe, T/e MPENMyIIeCTBEH-
Ho ucnosbdyercsa [Pv4. Ilporokosn 6611 paspaboran
uccienoparesibckoMm 1eHTpe Xerox PARC. Ilporo-
Koy IP B Hacrosiiee BpeMsi CTOJIKHYJICSI C PsiZIOM
pobJieM, TaKUX KakK IpodjiemMa MaciTabupyeMoCTH
CeTH, HEIIPUCIOCOOIEHHOCTh ITPOTOKOJIA K IIepeiade
MYJIBTACEPBUCHOM NH(MOPMAINH C ITO/IEPYKKOI pa3-
JINYHBIX KJIACCOB OOCJIY2KMBAHU¢A, BKJIOYas obec-
neyeHne NHAMOPMAIOHHOM 6e30IIacHOCTH. Y Ka3aH-
Hble TIPODOJIEMBI OOYCJIOBUJIN Pa3BUTHE KJIACCHIE-
cKoif Bepcuu mpoTokosa IPv4 B HampaBieHnu pa3-
paborku Bepcuu [Pv6.

COILEP)KAHI/IE JOKYMEHTA

IIporokon IPv6 Tpebyer, HTOOBL KarKJIbIii
kanan B WMuartepuer umen MTU = 576 oxre-
ToB mam Oosee. st KaKJa0ro KaHaJA, KOTODBIi
He crocobeH 00ecHevYuTh JJIUHY TaKeToB B H76
OKTETOB JIO/KHA OBbITH 0bectietena ¢parmenTta-
st/ nedparmenTaiusi Ha yposHe Hixke [Pv6. Ha-
CTOATETILHO PEKOMEH/IYeTCs, 4To0bl y3ibl [Pv6
nucrorb3oBaan MexaHn3M onpeneseans MTU my-
tn [RFC-1191] s MCHONB30BAHUS IIPEHMYIIE-
crBa 60abmo-ro 3nadenus MTU. Omgmako B Mu-
HUMaJIbHOl Kondurypanuu [Pv6 (Hanpumep, B
BOOT ROM) moxker orpaHnunBaTh cebsi B Ipejie-
Jstax 576 okTeToB M He mcCroab30-BaTh path MTU
discovery|[3]. Jyst Toro 9ro6sl HOCIATH TAKET JJIHH-
nee gem MTU kanasa, y3eJa MOXKET UCIIOJb30BATDH
3arosioBok ¢gpparmenranuu IPv6. OgHako ucmosb3o-
BaHMe Takoi pparMeHTaIuu 3a0JI0KHPOBAHO B IIPH-
JIOZKEHUSIX, TJI€ UCIOB3YETCs HACTPOHKA MO M3Me-
pernnomy 3uadennto MTU mytu. Y3en qo/keH ObITH
CITOCOOEH TPUHUMATHL (PPAarMEHTHPOBAHHDLIE ITaKe-
ThI, KOTODPbIEe IOCJe cOOpkKu umeroT pasmep 1500
OKTeTOB, BK/ovuasg [Pv6 3aromoBok. Y3jy Mmo3Bo-
JIEHO HPUHUMATDL IIAKETHI, KOTOpbIE II0cje cOOpKH

nmeroT paszmep Oostee 1500 oxrero. OmHako yses
HE JIOJDKEH TMOChLIATh (DparMeHThl, KOTOPBIE II0-
cie cbopku obpaszyiorT nakersl gguHHee 1500 Ok-
TETOB, €CJIN OH HE YBEPEH; YTO IOJIyIaTe/b CII0CO-
OeH WX BOCIPUHSTH U JledparMeHTUpoBaTh. Mer-
K& [TOTOKA IPUCBAUBAEGTCS ITOTOKY y3JI0M OTIIPABU-
resisi. HoBble METKU TIOTOKOB JIOJIXKHBI BBIOHPATH-
Csl TICEBJIOCTYIaifHbIM  00PA30M W3 JIMAITA30HA, -
cen 1 - FFFFFF. llenbio nceBaocaydaitHoro BbIOO-
pa METKHU sIBJISIETCS BO3MOXKHOCTH HCIIOJIb30BAHMS
J060r0 Habopa OWT TOJII METKM ITOTOKa B Kade-
CTBe X3 KJII0Ya MAPIIPYTU3ATOPAME JIJIsT KOHTPO-
JIS COCTOSIHUSL €oOTBeTCTBYyMoMero noroky[l]. Bee
MIAKETHI, TPUHAJICXKAIIUE OJTHOMY IIOTOKY, JTOJI?KHBI
OBITH TIOCJIAHBI OJHUM OTIIPABUTEJIEM, UMETh OJIUH
I TOT K€ aJIpec MeCTa Ha3HAUYeHWs, [IPUOPUTET U
METKY TOTOKa. Fcm Kakoi-nbo m3 9TUX MTaKeTOB
BKJIIO9aeT B cebs 3arosioBok ormruit hop-by-hop, To-
IJla BCe OHU JIOJIKHBI HAYMHATHCS C OJHOTO W TO-
ro »Ke CoJiepKaHus 3arojioBka ommuit hop-by-hop
(uck/mouas moJie CJICAYIONMHA 3ar0J0BOK 3aroJIoB-
ka omuii hop-by-hop). Eciu s060it u3 stux na-
KETOB BKJIIOYAET 3ar0oJIOBOK MAapIIPYTU3AIUU, TO-
IJla BCe OHM JIOJKHBI MMETh HJIEHTUYHBIE 3aI0JIOB-
KU PACIIMPEHUs], BKJIIOYas 3ar0JIOBOK MapIIpyTH-
3allii HO HCKJIIOYasl 10JIe CJIEAYIONIH 3ar0JI0BOK
3arojIOBKa MapIipyTusanuu. MapiipyTu3aropbl u
Y3JIBI-a[PECATHI MOTYT MMPOBEPITH ITH TPEOOBAHUST
(xo1s 910 U HEOobs13aTebHO). Eciin o6HapykeHo Ha-
pytenue, 10JKHO 661TH ocsiano ICMP coobmienne
ornpasuTeo (problem message, kox 0) ¢ ykaszare-
JIeM Ha CTaplIdii OKTeT MOoJig MeTKa MoToKa (T.e.,
cmerenue 1 B IPv6 nakere). Orupasuress He 70J1-
JKEH WCII0JIb30BAThH CTApyI0 METKY JJisi HOBOTO II0-
TOKa B TPEJeaX BPEMEHH YKHU3HU JIO00ro MOTO-
ka. Tak kKak pexkuMm 0OpabOTKU MOTOKa Ha 6 ce-
KYHJ[ MOKeT ObITh YCTAHOBJIEH JJIsI JIEOOOTO IOTO-
K&, MUHAMAJIbHBII MHTEPBAJI MEXK/Ly ITOCJIeTHIM I1a-
KETOM OJIHOTO IMOTOKA W TIEPBBIM MAKETOM HOBOTO,
UCIIOJIb-3YIOMIEr0 Ty YK€ METKY, JOJKHO ObITH paB-
Ho 6 cexkyHjaM. MeTKu MOTOKa, KOTOPBIE HCIIOJIb-
3YIOTCs JIJIs TIOTOKOB, CYINECTBYIOMUX 0OoJiee IIpo-
JIOJIZKUTEJIbHOE BPeMsi He JIOJIXKHBI UCIIOJIb30BAThCSI
COOTBETCTBEHHO JoJibine. Korma y3es octaHaB/nBa-
€T WU IIePe3allyCKaeT IIpolece (Haupumep, B CJIy-
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vae c60s1), OH JIOJKEH 1103a00TUTHCS O TOM, YTOObI
MEeTKa IIOTOKa ObLIa YHUKAJIHHOW M HE COBIAIATA
C JIpYTOil elle JIeliCTBYIOIIEl METKOH. DTO MOXKET
OBITH CJIEJIAHO IIyTeM 3aIlUCU HCIIOJIb3yEeMbIX METOK
B CTAOWJIBHYIO MAMSITH, TaK ITOOBI €10 MOXKHO ObI-
JIO BOCITOJIb30BATHCH JAXKe MOCJEe CEPbEe3HOro cOOost
B cucteMe. Eciin n3BecTHO MUHAMAIBHOE BPEMSI TIe-
pesarpysku cucrembl (time for rebooting, o6pramno
Gostee 6 CeKyHII), 3TO BPeMsI MOYKHO HCIIOJIb30BAThH
IS 38/1aHVsI BDEMEHH YKU3HH MeTOK 110ToKoB([3]. He
Tpebyercsi, YTOOBI BCE WU JayKe OOJIBINIMHCTBO Ia-
KETOB IMPUHAJIEXKAIN TOTOKAM C HEHYJIEBBIMU MET-
kamu. Hampumep, 66110 O6bI HEYMHO CKOHCTPYUPO-
BATh MapIIPyTU3ATOP TaK, YTOOBI OH PAOOTAJT TOJIb-
KO C ITaKeTaMU, TPUHAJIEIKAIUMA K TOMY WJIA UHO-
MY TOTOKY, HJIM CO3/IaTh CXeMY CXKATHs 3ar0JIOBKOB,
KOTOpast paboTaeT TOJBKO C IOMEYEHHBIMHA ITIOTOKA~
Mmu. 4-6uroBoe mosie npuopurera B IPv6 3aromoske
ITO3BOJISIET OTIPABUTENIO HACHTU(PUIIUPOBATH OTHO-
CUTEJIbHBINM IIPUOPUTET JIOCTABKHU IIAKETOB. J3HaUe-
HUsI IPUOPUTETOB JIEJISITCS Ha JBa auamna3ona. Ko-
ab1 0T 0 710 7 UCTIOB3YIOTCS JIJTS 38 IaHUS TPUOPUTE-
Ta TpadukKa, IjIs KOTOPOTO OTIIPABATEH OCYIIEeCTB-
JIIeT KOHTPOJIb IIEPerpy3Ku (HaIpuUMep, CHUXKAET
norok TCP B orBer Ha curHas HeperpysKn). 3Hade-
HU ¢ 8 710 15 UCIIoIb3y10TCs IS OlIpeIesIeHus IIPH-
opuTera TpaduKa, /i KOTOPOrO HE ITPOU3BOIUTCS
CHIKEHHS TIOTOKA B OTBET HA CUTHAJ MEPErpy3KH,
HAIIpUMEP, B CIydYae MaKeTOB “pealbHOTO BpeMe-
HI’, TIOCBIJIAEMBIX C TOCTOSHHOHN wacTtoToil. IIpes-
[I0JIaraeTcsl, 9TO 4eM OOJIbIIle KOJI, TeM BbIIIe TPH-
OpHUTEeT JAaHHBIX, TeM OBICTpEe OHU JIOJIXKHBI OBITH
nocTaBjeHbl. Tak s mepesadn MyJIbTAMETURHON
nadOpMAaINH, T/ie YIPABJIEHIEe CKOPOCTHIO Tepe/ia-
Y1 He BO3MOXKHO, YPOBEHDb IIPHOPUTETA JIOJI?KEH JIe-
2KaTh B npejienax 8-15. IlpakTudecku, ypoBHU TPHU-
opuTeTa BBIIIE WK PABHBIE 8 3ape3epPBUPOBAHBI JIJIsI
epeJiadn JAHHBIX B PEAJBHOM MACIITabe BPEMEHN.
IPv6 Bepcusi ICMP-nakero [RFC-1885] Bkimova-
eT IICEeB/0-3ar0JIOBOK B BLIYUC/IEHHE KOHTPOJIBHOM
cymMbl; 910 oTyimgaercst ot IPv4 sepcuun ICMP, ko-
TOpasi He BKJIFOUAET IICEBI0-3ar0JIOBOK B KOHTPOJIb-
Hyt0 cymmy. ITpnunta n3aMeHeHnst CBA3aHa, C TOTIBIT-
koit 3amuTuTh [CMP oT HekoppekTHON JoCcTaBKU
WIN UCKAXKEeHMil BakKHbIX moseit B IPv6 3arosos-
Ke, KOTOphIit B oryimaue oT IPv4 me 3amuiien KoH-
TPOJILHBIM | CYMMHUPOBAHUEM Ha WHTEPHET-YPOBHE.
Hose cieayrormmii 3aro/iOBOK B IICEBIIO-3aTr0JIOBKE
st ICMP conepxkut kop, 58, KoTOpBIi naeHTHdU-
mupyer IPv6 Bepcuto ICMP. B orsmmume or IPv4,
y3ael IPv6 He TpeOyIOT yCTAaHOBKM MaKCHUMAaJIbHO-
ro BpeMeHHU KU3HU 1akeToB. 11o sToil npuanne 1mo-
ae IPv4 "time to live"(TTL) nepenmeHoBaHO B
"hop limit"(mpenenbroe wncio maros) mas IPvE6.

Ha mpakruke ouens memuorme IPv4 mpuioxenns,
ncnob3yoT orpanndenus mo TTL, Tak uro ¢paxkTu-
YeCKU TO He NMPUHIUNNAIbHOe u3MeHenne|2]. [Ipu
BBIUMCJICHUN MAaKCUMAJILHOI'O pa3Mepa IoJIst JIaH-
HBIX, JIOCTYIIHOT'O JiJIsi IPOTOKOJIA BEPXHETO YPOB-
Hsl, JIOJDKEH NIPUHUMATHCS BO BHUMAHUE OOJIBIION
pa3mep 3arosioBka IPv6 ornocurensno IPv4. Ha-
npumep, B IPv4, mss-onmust TCP Berauncisiercst kak
MaKCUMAJbHBII pa3Mep nakera (3HaYeHNe [0 yMOJI-
YAHUIO WK BeJImvnHa nojrydensas u3 MTU) munyc
40 okteroB (20 OKTETOB JyIst MUHUMAJBLHON JIH-
bl IPv4 3arosoBka n 20 OKTETOB JjIsT MUHUMAJIb-
Hoit gymaer TCP 3arososka). Ilpn ucnonszoBanum
TCP nosepx IPv6, MSS 10/12kHO OBITH BBIYKCJIEHO
KaK MaKCUMaJlbHas JUINHA ITakeTa MUHyC 60 okTe-
TOB, TAK KaK MUHUMAaJbHAs JJIMHA 3arojoBka [Pv6
(t.e., IPv6 3aro/10B0K 6e3 3ar0JI0BKOB PACIINPEHYS )
na 20 okTeToB 60sbINE, YeM i [Pv4.

SAKJIIOYEHUE

24-6buToBOE MOJIe METKH IIOTOKa B 3aroJIOBKe
IPv6 mMoxKeT UCIHOJIB30BATHCSI OTIIPABUTENIEM JIJIst
BBIJICJIEHUST [TAKETOB, JIJIs KOTOPBIX TPeOyeTcs crie-
nuaJbHasg 00pabOTKa B MapIIPYTU3ATOPE, TaKast
HamIpuMep, Kak HectaHgapTHas QoS wiam "real-time
"cepBHC, TaKyKe BO3MOXKHO OyJ/leT HEKOTOpasl IO
JIep’KKa OPHMEHTUPOBAHHBIX HA COE/IMHEHUE CepBU-
COB (MMeeTcsl B BUJLy COeJMHEHNUe Ha YPOBHE ip, a He
tCp), KOTOpbIE MMEIOT CBOM IIPEMMYIIecTBa (Mapiii-
PyTHU3aIMs BBIIOJHIETCS TOJBKO OJUH Pa3, HArpy3-
Ka Ha CeThb 3apaHee IUIAHUPYETCsi), U HEeJOCTATKH
(npu BBIXOZIE U3 CTPOS OHOIO MAPIIPYTU3ATODPA,
BCE COEJIMHEHUsI ITPOXOIAIINE Yepe3 HEro pa3pbiBa-
I0TCsl) HO MX OBCY2KJIEHUE BBIXOJIUT 38 PAMKHU CTa-
teu. K Tomy ke stor acuekT IPv6 sBisercs moka
9KCIIEPUMEHTAJIbHBIM 1 MOXKET ObITh U3MEHEH 10371
wvee. /g D9BM wim MapmipyTusaTropoB, KOTOPBIE
HE TOAEePKUBAIOT (DYHKIUIO TIOMETKHU IIOTOKOB, 3TO
1oJie JOJIKHO OBITH OOHYJIEHO TIPU (hOPMUPOBAHUN
[maKera, COXPaHATbCA 0€3 M3MEHEHUs! IPHU Iepeaj-
pecanuu U UTHOPUPOBATHCS INIpU IoJydeHunu. Boz-
MOXKHO CYIIECTBOBAHUE HECKOJIBKUX IIOTOKOB MEXK-
JIy OTIpaBUTeJieM U ToJiydaresneMm. lIpakTuaeckoe
3HAYEHNE METOK eIlle He [0 KOHIIA OIPEJIESE€HO, U
WCCJIEIOBAHUS B 9TOH 00JIACTH €Ile IIPOI0JIZKAIOT-
csl.
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