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[lporpamma Kypca

NMoaxoabi:
1. YnpaeneHue nepezpy3Koli
- CoBpemMeHHble NPOTOKO/bl yripaBaeHnsa neperpy3xkon TCP
2. [emynemunnekcuposaHue/mynbmunneKcuposaHue
- MHOronoTo4YHble TPAHCNOPTHbIE MPOTOKObI
- MapuwpyTnsauma Ha YpoBHE MHTEPHET NpoBanaepoB
- Network Coding
3. CeameHmayus
- TCP Proxy
4. banaHcuposka
- bBanaHcMpoBKa Harpysku n ynpasneHue TpapmKkom
5. [peobpaszosaHue coobweHuli

/Mop,enu OLLeHKU KauecTBa cepBMca:\
- AKTMBHbIE M MacCUBHbIE U3MEPEHMUA

- NS3: mogennposaHune nosegeHuA
CETU C BbICOKOW TOYHOCTbIO

- CeTeBOEe ncyncneHue:
MaTeEMATUYECKMIM NOAXOA K KauecTBy
cepBuca

- 4

- FEC
-  Cxatume
e )
NMpumepsbl:
- YnpasneHue ceteBbiMM pecypcamm B LleHTpax O6paboTkn [aHHbIX
- ObecneyeHune KayecTBa CeEpBMCA B CETAX AOCTAaBKU KOHTEHTA
\ MponyckHaa cnocobHOCTb No TpeboBaHMIO Y,
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CTPYKTYypa COBPEMEHHOro MHTepHeTa

Nepapxma ABTOHOMHbIX Cuctem (AS)
* Tier-1

— ObmeH TpaduKom c Ntobomn ceTbto B UHTEPHETE H6€3 Kakon-nmbo naaTbl 3a
ero TPaH3UT UNN NUPUHT

* Tier-2
— becnnaTHbIM 06MeH TpadUKOM C HEKOTOPbIMU CETAMM
— ObmeH ¢ ocTanbHbIMU CETAMM ONJ1Ia4YMBaeTCA
* Tier-3
— Jliobon obmeH TpaPUKoM € ceTaAMM MHTEPHET TpebyeT onnaTbl 3a €ro
TPAH3UT WU NUPUHT



[TupUHr mexay cetamu Tier-1
settlement-free peering

 Cetun Tier-1 umeroT npamoe coeamHeHune, n oba
NapTHEpPaA CYMUTAIOT 3TO coeanHeHUne BbIrogHbIM

— Ecnv oauH 13 napTHEPOB NPUHUMAET Bonblue, Yem
nepenaéT — OH MOXKeT NoTpeboBaTb AONONHUTENBHYIO
naaTty 3a coegnHeHune

* [lepenayva TpadpmKa B C€TU, NOAKNOYEHHbIE K
napHépckou cetun Tier-1, 6becnnaTtHa

* CTOMMOCTb yCAyr, KOTOpbIK NpoBanaep A
BbIMONHAET OT UMEeHU npoBanaepa B, aAeHTUYHA
CTOMMOCTU YCAYT, KOTOopble nposBanaep B
BbIMONHAET OT UMEeHU npoBanaepa A



[TupUHr meXxXay cetamu Tier-1
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CAIDA’s IPv4 vs IPv6 AS Core AS-level Internet Graph
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TpaH3UT Ha ypoBHe Tier-1

[ToCcKONbKY Ha ypoBHe Tier-1
— Kaxkpana ceTb coeamHeHa C KaXkaou Apyroun ceTblo, u

— CornaweHuna NMpuUHra Nno3BoNAoT KaxKaoun Tier-1 ceTn NnogKAUYNTbLCA K
Ka*KOon CeTU B UHTEPHET,

To Kaxpaa Tier-1 ceTb BKAtOYaeT B cebsa Bcex aboHeHTOoB ceTun
MHTEPHET

OnnaTta TpaH3MTa Ha ypoBHe Tier-1 o3Hayana bbl, 4YTO CeTb
onJsiaymBaeT COOCTBEHHbIE YCYTH

Tier-1 ceTn NpoaatoT YCAYIM NO TPAH3UTY TPadUKa CETAM HUKHUX
YPOBHEMN



Price decay vs. traffic growth

Per-Mbps transit price decline vs. interdomain traffic growth

IP Transit Price Decline, 2008-2011 CAGR
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CIPT: Using Tudngou to Reduce IP Transit



Internet Exchange Points (IXPs)

* [loKynKa ycayr no TpaH3uUTy Tpadpuka y nposanaepos Tier-1 He
BCeraa OCMbIC/N1EHA
* |[XP —HenTpanbHaa TeppuUTopusa, Ha KOTOpPou ISP HUKHUX

VPOBHEN MOIYT OCYLLLECTBNATbL OOMeH TpadpMKoOMm Ha bonee
BbIrOAHbIX YCNOBUAX

* Kaxkaomy ISP noctatoyHO HanaamnTb coeguHeHue c oaHum IXP,
4TObObl NONYYNTb BO3MOMKHOCTb CBA3ATbCA CO BCEMMU ET0
KANEeHTaMu

— Network effect



MpmnHumnnbl paboTtbl IXP

CoBpemeHHble IXP paboTatoT Ha ypoBHe L2

— OAMH NN HECKOJIbKO KOMMYTATPOB, K KOTOPbIM MOTYT NOAKAOYATbCS
B3aMMOZeNCTBYOLIME mexay cobown ISP

— ISP onnaymBatoT goCTyn K nopTam KommyTtaTtopos IXP
ISP noaknto4vatoT K IXP cBOM mapLlipyTmnsaTopsl

MapuwpyTmnsaTtopbl B3anmoaencrayroT no BGP

— B3amopencrame moxKeT OCyLLLEeCTBAATLCA KaK HanpAMYto, Tak U yepes
cneuunanbHbIM route-server

IXP B3bIMmaloT NnaTty 3a nopT

— NpuBA3Ka Tapuda K TpaduKy NpenaTcTByeT yBeMYeHMo maclitabos
ncnosb3oBaHnA IXP



KommyTtaumoHHoe obopyaosaHue IXP

e Extreme Black Diamond

— up to 2,352 1Gbps ports,
or up to 582 10Gbps
Ethernet ports in a single
rack
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Tunbl nupuHra Ha IXP

 Mandatary Multi-Lateral Peering (MMLP)

— Kaxkabin ISP 06a3aH yyacTtoBaTbh B MUPUHIE C KaXKabiM
N3 OCTaNbHbIX ISP

— He ncnonb3yeTtca Ha NPaKTUKe

* Multi-Lateral Peering (MPL)

— Kaxabin ISP 3akntovyaeT obuwee cornalueHue, no
KOTOPOMY OH MOMET OCYLLECTBAATb MUPUHT C /II0ObIM
n3 apyrux ISP Ha IXP

* Bilateral Peering

— ISP 3aKkntoyatoT uHAMBMAYaIbHbIE COr/lalleHnAa Apyr C
aApyrom, IXP ncnonb3yerca Kak naowLagKa

— CamblIn pacnpoCTPaHEHHbIM TUN NUPUHTA



MSK-IX

Tononorva cetv MSK-1x

FEL, P31 T

LAT

MMKC

VAR,

KA



Remote Peering

Remotely

Remote-peering provider @ peering
AS

<2
U IP router

Layer-2 switch

* [logKntoyeHue ISP K IXP c ncnonbsosaHnem
TpaH3UTa TpaPpuKa no L2

 ObopygoBaHue Anda nUpuHra Ha IXP



Remote peering: npumepbl UCNO/Nb30BaHUA

Reaching a distant IXP

Remote peering




Remote peering: npumepbl UCNO/Nb30BaHUA

Connecting two IXPs O
AMS-IX

AMS-IX
Hong Kong

Remote peering




Remote peering: npumepbl UCNO/Nb30BaHUA

Reducing
costs

over short
distances

Remote peering




Cratuctmika no IXP
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91% of the IXPs have remote peering



OueHKa Bbirogbl OT MCNOJZIb30BAHUA

Remote peering
Peering

—> Transit
<--> Traffic

Customer cones
of IXP members

 Up to 65 IXPs from Euro-IX

* Reaching up to 12,238 ASes
— Out of 29,570 ASes with RedIRIS transit traffic



CKoNbKO TpadUrKa MOXKHO nepenatb b6e3

MCNO/Ib30BAaHUA TPaH3UTA?

B All policies
—@® All open and selective policies

¢ All open and top 10 selective policies
—¥—All open policies
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Between 8% and 25% of reduction in transit traffic



Mudbl Internet Exchange

* Tier-1 ISP He ncnonb3ytoT IXP

— Tier-1 npoBanaepbl ABAAKOTCA YY4ACTHUKAMM
6onblinHcTBa IXP, 1 ncnonb3yoT UX ANA MUPUHTA

— |/|CI'IO!'Ib3YI-OTCFI orpaHn4YeHmnaAa NnoJINTNKHU

* 3aKn4YeHne AOroBOPEHHOCTU O NUPUHTEe Ha
IXP choXXHee n3-3a anwiHero nocpegHmKa

— Multi-Lateral Peering

e |XP ncnonb3ytotrca B ocHoBHOM ana backup’a

— BONbLWIWMHCTBO NPOBaNAEPOB UCMONAb3YIOT MUPUHT
NaXKe NPpU HaAMYNM BblAENEeHHbIX MapLLPYTOB



Mudbl Internet Exchange

e |[XP cunbHO otanyatrorca ot AS

— Ha camom aene IXP noxoxun Ha KpynHble AS:
* [lorosopbl IXP yuntbiBatoT SLA
* |IXP 06pa3yoT cobcTBEHHbIE NPOTAXKEHHbIE CETU
AMS-IX nmeeT TOUuKy B [OHKOHre

* |[XP npepnocTtasnaeT paclimpeHHble BO3MOXHOCTU 4114 YrpaBaAeHUa u
MOHUTOPUHra Tpaduka

Route-Server n nonntnkm BGP



KaK caenatb TPaH3UT gewesne?

OI'ITI/IN\M3I/1pOBaTb UCMNMoJib30BaHNE KaHA/10B

Committed Data Rate (Mbps) CroumocTtb 3a Mbps B mecay,
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CToumocTb TpaH3uTa Tpaduka voxel.net

* Economic of scale — maccoBas npoaaska agelliesne
e CToMMOCTb — cybaaanTnuBHaa GyHKLMUSA
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CIPT (Cooperative IP Transit)

TpaduK pa3Hbix ISP MOXKHO cKnagbiBaTb
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CIPT MOXHO paccmaTpmnBaTb KaK
oTaenbHbIn BUA, ISP ¢ pepepaTtnBHOM
CTPYKTYPOWU




KaK pa3genntb CTOMMOCTb apeHabl KaHasia MeXKay y4acTHUKaMU
CIPT?

e BekTtop Wennaum (Shapley value)

ISP i's expected marginal contribution if the players join
the coalition one at a time, in a uniformly random order

Oilc) = N1 Z (e(S(m,2)) —e(S(m, i)\ 1))
TESN | |
|
N = number of players i’'s marginal contribution
c(S)= cost of coalition S
S(m, i) = set of players arrived in the system not later than i
1 = permutations of the set of players N




KaK pacynuTtaTb 3Ha4yeHUe BeKTopa
LLlemnau Ha npakTuke?

Mcnonb3oBaTb meTtod MoHTe-Rapao

 PacuuTtatb 3HauYeHme ctTonmocTu apeHabl ansa K
C/Iy4anHbIX NOPALKOB T,

o;(c h Z (e(! —¢(S(m. i)\ 7))

TCll g

* Mpu ucnonb3osaHuu K = 1000 ownbKa < 1%*

(*) D. Liben-Nowell, A. Sharp, T. Wexler, K. Woods, “Computing Shapley Value in Cooperative
Supermodular Games”, Preprint, 2010.



Pe3rome

CeTb cocToUT N3 AS, mapLLpyTMU3aLMA MEXKAY
KOTOPbIMM 3a4acCTYyO ONpPeaenaeTcsa He
METPMKaMM KavyecTBa cepBmca

TpaH3UT TpaPuKa A0POrou

Internet Exchange Points (IXPs) no3sonstoT
CHU3UTb CTOMMOCTb OOMEHA AaHHbIMU MEXKAY
CETAMM HUKHUX YPOBHEN nepapxmm AS

HepaBHOMepHOCTb TpadUKa 1 cneundmnkKa
dopmynbl pacy€Ta CTOMMOCTU TpadUKa AenaroT
BbIrOAHbIMUM pPa3Hble popmbl Konnabopaumm ISP
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