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CTpYyKTYypa coBpeMeHHOro MHTepHeTa

Nepapxma ABTOHOMHbIX Cuctem (AS)
* Tier-1

— ObmeH TpaduKkom c ntoboi ceTblo B UHTEPHETE be3
KaKoM-nnbo NnaTbl 3a €ro TPaH3UT AN MUPUHT

* Tier-2
— becnnatHbIM 06MeH TPaPUKOM C HEKOTOPbIMU CETAMM
— Ob6MmeH € oCTalbHbIMM CETAMM ONJIA4YMBAETCA

* Tier-3

— JTtobont obmeH TpadUnKom € ceTaAMM UHTEPHET TpebyeTt
ONAaTbl 33 €ro TPAH3UT UAN MUPUHT
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[TMpUHr mexXay cetamu Tier-1
settlement-free peering

 Cetu Tier-1 nmetot npamoe coeanHeHune, n oba
NapTHEpa CYUTAIOT 3TO coeguHeHMe BbIroaHbIM

— Ecnn ognH 13 napTHEPOB NpUHUMAET bonblle, Yem
nepenaéTt — oH MOXKeT NoTpeboBaTb AONONIHUTENbHYIO
naaTy 3a COeANHEHUE

* [lepepaya TpadmKa B CE€TU, NOAKNOYEHHDbIE K
napHépckomn cetu Tier-1, becnnaTtHa

* CTOMMOCTb YCAIYT, KOTOPbIN NpoBanaep A
BbIMOMHAET OT UMEeHM npoBanaepa B, naeHTUYHaA
CTOMMOCTM YCAYT, KOTOPble NnpoBangep B
BbIMOHAET OT UMEeHM npoBanaepa A



[TMpUHr mexXay cetamm Tier-1
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CAIDA’s IPv4 vs IPv6 AS Core AS-level Internet Graph
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TpaH3uUT Ha ypoBHe Tier-1

[ToCKONbKY Ha ypoBHe Tier-1

— Kaxpaana ceTb coeamHEHa C KaxKaou Apyron ceTbto, U

— CornaweHua NMpuHra No3BonAtoT Kaxkaon Tier-1 cetu
NOAK/IIOYNTLCA K KaXXA0MN CETU B MHTEPHET,

To kKaxkpana Tier-1 ceTb BKAtOYaeT B cebs Bcex
abOHEHTOB CEeTU UHTEPHET

Onnarta TpaH3MTa Ha ypoBHe Tier-1 o3Ha4ana oo,
4YTO CeTb ona4YymBaeT CO6CTBEHHbIE YCAYTU

Tier-1 ceT NpoaatoT yCAYrn Nno TPaH3uTy TpadumKa
CeTAM HUMKHUX 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 TpaH3UTy TpaduKay
npoBanaepos Tier-1 He Bceraa ocmbIC/1€HA
* |XP — HenTpanbHaa Tepputopma, Ha Kotopowm ISP

HUXHUX YPOBHEMN MOTYT OCYLLLECTBAATbL 0OMeH
TpadmnKom Ha bonee BbIrOAHbIX YCAOBUAX

 KaxXpgomy ISP goctato4yHoO Hanagutb coeguHeHue
c ogHUM IXP, yTObO bl NOIY4YNUTb BO3MOKHOCTb
CBA3aTbCA CO BCEMMU ero KIMeHTamu

— Network effect



MpnHumnbl paboTbl IXP

CoBpemeHHble IXP paboTatoT Ha ypoBHe L2

— OJVH NIN HECKOJIbKO KOMMYTaTpOB, K KOTOPbIM MOTYT
NOAK/NHOYATbCA B3aMMOAENCTBYIOLLIME MexXay cobon ISP

— ISP onnaymsatloT A0OCTYN K nopTam KommyTatopos IXP
ISP noaknto4atoT K IXP cBOM mapLlipyTnsaTopbl

MapLpyTmnsaTtopbl B3ammoaencTasytoT no BGP

— B3ammoaencTBme MorKeT OCYLLECTBAATLCA KaK Hanpamylo,
TaK U Yepes cneuunanbHbin route-server

IXP B3bIMmaloT naaTty 3a NOpT

— NpuBsA3Ka Tapuda K TpadUKy NPensaTCTBYET YBEIMYEHUIO
macwTabos ncnonb3losaHma IXP



KommyTaumoHHoe obopygosaHue 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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Route-Server

PelwaeT 3a4a4y NUPUHra Ka*Kabln C KaXKAbIM
[Nepenaét yepes cebs Tonbko BGP-3anpocsl

Ounetpyet BGP-aHOHCHI U NnpumeHaeT
NONUTUKU MapLUpyTU3aLUmn

YnpasnaeTtca ydacTHUKamm | XP
BeneT y4yeT cyuecTBYOWMX MapLUPYTOB

[eHepupyeT nepcoHanbHble TabaunLbl Ans
Kaxkgoro ISP Ha IXP



Tunbl nUpUHra Ha IXP

 Mandatary Multi-Lateral Peering (MMLP)

— Kaxkabin ISP 06A3aH y4acToBaTb B MUPUHIE C KaXKAblM
N3 OCTaNbHbIX ISP

— He ucnonb3yeTca Ha NpPaKTUKe

* Multi-Lateral Peering (MPL)

— Kaxapin ISP 3akntoyaeTt obuwee cornawieHue, no
KOTOPOMY OH MOMKET OCYLLECTB/IATb MUPUHT C N0ObIM
n3 apyrux ISP Ha IXP

* Bilateral Peering

— ISP 3aKknto4aloT nHaneuayasibHble cornaweHuna apyr c
apyrom, IXP ncnonb3syetca Kak njaowagka

— Cambin pacnpoCTpPaHEHHbINA TUM NMUPUHTA
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Remote Peering

Remotely

Remote-peering provider @ peering
AS

S
u IP router

Layer-2 switch

* [TogKkntoueHune ISP K IXP c ncnonbzosaHmnem
TpaH3UTa TpaPuKa no L2

 ObopynoBaHue Ana nUpuUHra Ha IXP



Remote peering: npumepsl
MCNO/1b30BaHMUA

Reaching a distant IXP

Remote peering




Remote peering: npumepsl
MCNO/1b30BaHMUA

Connecting two IXPs
AMS-1X

AMS-[X
Hong Kong

Remote peering




Remote peering: npumepsl
MCNO/1b30BaHMUA

Reducing
costs

over short
distances

Remote peering



Cratuctmnka no |IXP

BlRTT <10 ms

| 10ms<RTT <20 ms
B 20ms <RTT <50 ms |
BRTT>50ms
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91% of the IXPs have remote peering



OueHKa BbIroabl OT UCMOJIb30BaHMUA

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



OueHKa BbIroabl OT UCMNON1b30BaAHUA

Remote peering
Peering

—> Transit
<€<=-=> Traffic

Customer cones
of IXP members

Peering policies from Peering DB

1. all open, |¢= |lower bound

2. all open and top 10 selective,

all open and selective,

e urerbound



CKONbKO TpadmnKa MOXKHO nepeaaTb
6e3 ncnonb30BaHUA TPAH3MTA?

Cco

5 & All policies

@ All open and selective policies

x ¢ All open and top 10 selective policies
—¥—All open policies
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Remaining transit traffic (Gbps)

Number of reached IXPs

!

8%

25%

Between 8% and 25% of reduction in transit traffic



Mudbobl Internet Exchange

* Tier-1 ISP He ncnonb3ytoT IXP

— Tier-1 npoBangepsbl ABNAOTCA YY4ACTHUKAMMU
6onbwnHcTBa IXP, 1 ncnonb3yoT nx ANA NUPUHra

— VlCI'IOI'Ib3yI-OTCFI orpaHnN4eHunAa NnoJINTUKU

* 3aKao4yeHue AOroBOPEHHOCTMN O NUPUHTe Ha
IXP choxHee n3-3a AnHero nocpegHuKka

— Multi-Lateral Peering

* |XP ncnonb3ytotca B ocHoBHOM AndA backup’a

— BoNbLWMHCTBO NPOBaANAEPOB NCNOMb3YIOT MUPUHT
Aaxe Npu HaaN4YnUm BblAeIEHHbIX MApPLLPYTOB



Mudbobl Internet Exchange

e |[XP cunbHO otanyatroTtca ot AS

— Ha camom aene IXP noxoXXun Ha KpynHblie AS:
* [loroBopbl IXP yuntbiBatoT SLA
* IXP 06pa3ytoT cobCcTBEHHbIE MPOTAXKEHHbIE CETU
AMS-IX nmeeT TOUKY B [OHKOHTre

* |[XP npepnocTtasnAaeT paclwimpeHHble BO3MOXHOCTU ANA
YNPaBAEHNA N MOHUTOPUHIA TPaPUKa

Route-Server n nonntunkn BGP



KaK caenatb TPaH3UT gewesne’?

OnTMmns3u POBaTb NUCMOJZIb30OBaHNE KaHA/10B

Committed Data Rate (Mbps) Croumoctb 3a Mbps B mecau,
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CTommocTb TpaH3uTa TpadukKa voxel.net

e Economic of scale — maccoBas npoaaxa agewesne
e CTOoMMOCTb — cybaaamMTMBHaA GYHKLUA



. Part 1- Tudnonu for IP trancit
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‘Why did we put our heads together? '

BRADLEY GROUP SHOWERS
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CIPT: Using Tudngou to Reduce IP Transit

ACM CoNEXT 2011
Costs

26



CIPT (Cooperative IP Transit)

TpadunK pa3Hbix ISP MOXKHO CKNaabiBaTb

Bits per Second Bits per Second

Bits per Second

324.0 M

243.0 M i

62.0M 1

BL.O M Jifieniebonfeboctad

0.0 M

8 10 12 14 16 13 20 22 O 4 6 8 10 12 14

120.0 M

20,01 127

GO0 M T

J0.0M

0.0 N -

320.0 M

g 10 12 14 16 18 20 22 0O 2

8 10 12 14

f

4 6 & 10 12 14

16 18 20 22 0 2

8 10 12 14




CIPT MOXHO paccmaTpumBaTb KakK
oTAenbHbIN BUA, ISP ¢ pegepatnBHOM
CTPYKTYpOU




Kak pa3aenntb CTOMMOCTb apeHabl KaHana
MeXay ydyacTHUKamm CIPT?

e BekTtop Wennau (Shapley value)

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

E]_—Z (m,1)) — e(S(m, i)\ 7))
-L\‘TEC."\,\ Y }

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




RaK pacymnTtaTb 3Ha4YeHUe BeKTopa
LLlemnnau Ha npakTnke?

Mcnonb3oBaTb metoa MoHTe-Kapno

* PacuuTaTtb 3HaYeHMe CTOMMOCTM apeHabl Ana K
C/Iy4anHbIX NOPALKOB T,

bilc) = Z (c(S(m.i)) — e(S(m, i)\ i)
TT'EHH

* Mpun ncnonozosaHmm K= 1000 owmnbKa < 1%*

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



Pe3tome

CeTb cocTouT U3 AS, mapLipyTusauma mexay
KOTOPbIMU 334acCTyO ornpeaenaeTca He
MEeTPUKaMM KayecTBa cepBunca

TpaH3UT TpaPUKa A0POrou

Internet Exchange Points (IXPs) no3sonstoT
CHU3UTb CTOMMOCTb OOMEHa AaHHbIMU MeXKayY
CETAMMU HUKHUX YPOBHEWN nepapxmm AS

HepaBHOMeEpPHOCTb TpadunKa n cneumndmKka
dOpMYyNbl pacyéTa CTOMMOCTU TPpadUKa AenaroT
BbIrOAHbIMU pa3Hble popmbl Konnabopaumm ISP



