ERE YU HE S e
IPSJ SIG Technical Report

AVTFIUYRYTUOHBEAS FARAS—DZELL

A T EEE AR B R L TP

BE (¥ —%y FOBEIIER, B ATHET 7201 hRe V=Rl EN T 7=, LavL, TE, ~a
—VxA TV hNEeEbRAFE T Y RNLE— (CH) OHBUCELY, ZRo~0EREEOR EREEHR I T
TWb. ZNZEST, A v Z—3 vy bOHIES AS MBS Z(L L TV D EE X BID. AIFSETIE, CAIDA IZ X
DT —H &I AS JBME & B REOBIRE A ST H L E BT, AS/RAY R NOFITICE W e —HL AS
WDOF -y b T =7 EEDBCITONTHRANTZ. TORES, CHIZISPIZHARZL DT H#EE bHOZ L, n—I/LAS
T, FEFICEZL O THEREE L oL L BIZ, Tierl ZEOLRNYa— Iy FbEWI ERMERTE -,

F—TJ—F:AS PRV — AS /RAY AN, HMEVAT A, AT UVRLVE—, V2 —F v MiE
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MICHIKO HARAYAMA

Abstract: Internet topology, namely AS(Autonomous System)-level one, previously, has been constructed in order to secure
connectivity between ASes. Resent years, however, it is becoming more important to connect to those of leading contents holders
called hyper giants, rather than general connectivity. The Internet topology and links between ASes are considered to change
according to this situation. In this study, relationship between AS property and link characteristics was investigated based on
the disclosing data by CAIDA, and an AS pathlist acquired by a BGP router was analyzed to reveal change of the AS topology in
the neighborhood of a local AS. As a result, contents holders have more peer links than ISPs, and the local AS has many private

Vol.2016-CSEC-73 No.14
Vol.2016-10T-33 No.14

2016/5/27

peer links and shortcuts that skip Tierl.
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1. FLC®IC

BIEEE, 1 v —%y MIMA OGO Z R
FEMFH L LTRERIBDT-. 7ua7T - Bl - Fy 8%
H CHBHARS I e LAN OERITA V¥ —F v
NEMERKT DAL E L TORET AT 2O E /N L
IO EMEICERT ANy 7 R—V Ky RU—7 &L
THERATE DA S, Bt & BEME L 0%

BEpBE 2 RN R 260 L LTRSS TE .

D%, EBFIH, AR O T2 < —MeEg A
HAOBHE K, ZUcftEs, k0 BNy 7 R— o f¥EE
OB E—BFIHICB T =y R —F —DNER EDOF
B LSNP E L L, ARSI 5 2 &
L7 oTWVA.

LYENHZDEELELZD 70 b I LHOBREEETY
HOUEMICET IRA LB o720, FIHIEEICS W TIE
ERRBECFEIMEAMNTOEN Ry NU—7 TEHRBEIRDHIC
LEFESTWD. ZhiE, SifiZzEREASCHEZ L O

T1 MR RZERZEGE T ER R T # s A T A TR
Graduate School of Engineering, Gifu University

12 IR RZET M N R S AT L TR
Faculty of Engineering, Gifu University

T3 IR RETEMERET - HRTER
Faculty of Engineering, Gifu University

(©2016 Information Processing Society of Japan

HORR S AR B I D RN ICRE 2 B L 272 b DB L B 2 D
n5s.

ZO XD AR B I K D RICH LT,
AU HE—Fy NREDOHS A 7 T{kic e b o, M,
WEM, FlV—ERBREEOEM L Vo MiEN LY E
BREN LR REE~DO Y7 FRREICTTATND.
Gl - ALY —ERAZFUH T ETHL R ZOFRIEES
DO T v s AN LYEEICE D TTREMEOMRE D=0,
ISR T D EEN RN, TN Ry U — 7 1S
OBEMES B L TETWS. 2, b—EARESRLD
72D OY—ERABIRO7 77U MeaLIlzk o h—e 2 LF
HFE & ORENBEROREL KX RY, 2y NU—V &
FAEMOER? S RS ICEIL SN TETW5.

AWFFETIE, BEEIEOREMEN S, BWR, HiEEEEE
BLlzarvT o y~0REEE V-T2 X —F v O
BlZB T 2ERBOE(E, TS H—F v |
HEIEE DR Z BB E SV THLNCT D 2 &
EFAMLETS. TOE—HELT, £ ¥ —3 v ok
EWMBAOICERBANL TABML W Mo T —4 =
BGPEHZ T2 —ISP b Rz A ¥ —% v O & EH
F—=Enb, FEFHOL T SAELBREDA L F —F
FREDLIICHRENTODEIDEMFRITLIALCT S &



ERE YU HE S e
IPSJ SIG Technical Report

BT, BT ORMICHDOET, ED LD RN
b HOETHRFT 5.

2. BEEMR

Fy MU — 7 OMIEERZ HESITHEL R LONRH Y,

BRGER D AR E N LY 2 4 v FRNL—F — DRk
BICERTIHAELH D[] LrL, A2 —x%y haik
OEIEZ R+ 2 HAI121E, ALY AT A (AS)& AS F 5
LI/ —FEL, AS MOBEBENRNT T 4 v 7 O
V235757 LTHAT AS-level hARRr Y —
(ASZ7 Z7,AS hFRrY—)BRHWLNDL Z EREW. A
VE =Xy RO AS X, i AS L DX D BRI
EHLTWVDNEWIERE L IR RG22 ADR
W2, AS OB Z SERICER T E 20
R, L LAaENS, 4 ¥ —F v N OEwECHmEE
HE, BX a2 U T 4 DIERDIZD, £ F—Fy b DEEG
FHEICIERTALERDH D, T X —F v b bR
0P —OBEEIER TV 27 PRV OLEET D
[2-8]. %FiZ, Center for Applied Internet Data Analysis
(CAIDA) Y =7 M8 T, HHECMEICET T —
X EFERNELTEY, ERRTOL U H—Fy NOT
BT L CRE2 I CABIL, 4E 2 MRRFEOHE CHH &
BT TnD,

AS DOBEEBMRIE, —RIZ, BRZINE T AL F
B8 N ET %5 C 2 P(Customer to Provider) D H25¢ B#R
& AEAE O R H R P 2 P(Peer to Peer) & (24317 H415. 2000
FEEDO AS bARB P—0%iE, P2P THHfE L7 Tierl LI
XD KRF ISP O AS BEEF LAl LT, ZHlisto AS
2, C2P I L D FTICWIE EE AL LR SEERY
WL TWD EEXLNTEY, 77 7TV EMNITNR
TWA[10,11]. F7=, ZOH, KRy MU —27 OFHE
2y NI — B IERILTHHT, AS PARY—0D 2R
=7 Y — R T AR EORTBIT R bR
[12-15], AS 27 T 7B H2WBICHEB LA o
DIREINDMRELTWVDHL6].

AS bR B = OELRRRTRICBEE L T, AS FA
0 —REBEN DTSN TWA[17,18]. 72, AS bR
oY — & MR 2o il i A B 1 [19], 2k AR S
AAR0BITRDILTWD. £z, AS bR Y —0FET Y
VT A IRERINb RSN LTk

LZ AT, CAIDA Zhp &3 57mny=7 FTHWS
NTODERTEICE, A F—Fy bEHERT L EER
v MU — 7145 T ping X traceroute & VT & Ok
T A WEEESEDHE, IRR BEERT — 7 X—2
[22]1D L H 1% AS ORETHLNDRY —F — % % F|
A+ 2H4E, ASHB/LV—F 4277 b BGP ORRKIE
W2BEHVDLZLORH D, I LICEBEOBR S O
FERAESKR LT AS FERY—%M L TWA. Foft,

(©2016 Information Processing Society of Japan

Vo0l.2016-CSEC-73 No.14

V0l.2016-10T-33 No. 14

2016/5/27

AS PR T P —DHEEFTIEIZOWTDIRER STV 524,
25].

2000 FLED A o F =%y FODIELWFEREIZLD,
ASHUL 4 TiEBx, I—a vy OKEKIXP OWHIIIZLS
FRHT OFE R, FALE D AS B TO P2 P H OB IEH 11
MLTWBZERHLMNE o7 [26]. TORKIE, Hi
D AS OB TIE /AL, 4 F—Fy NOILRANA 78—
Tx AT vk EMEN S E K7 Content Holder(CH), Google,
Comcast, Facebook, Akamai, Limelight Networks, Microsoft 72
EORBNEZ LD, ZRHD CHA~T 7B ANREHRL,
CH INBDH—ERARNT T 4w IRA 0 H—Fy M RT
T4y I OREREEGEEDD Lo TND, T
s UCFALfE > ISP AR 72 B T P 2 P #f5 & Hi 0
SHTWBHREMERHD. T, TV —THBICRKEEZ AR
TLEIRIXP DY —E AR LFEKO—>ToH 2 alHEM:
NhHdH. WThict X, ER7A CH oML, (& —x
v RN T T 4w 7 ORNIET TR AS bR U—D 2K
EICRELZRIE LA LSETVD b T [27,
28].

3. AS P RAS—0@EH

31 BFT—4

ARKWFFE TR S L LT — 212229855, —2iF
CAIDA O/ABT —4% TH 5. CAIDA TiL, BGPEHR
Jo—TFT—=FRX=2AnbHoNbT =200, AS MO
GRRLEZDBMEZHETE L TWVWH[29]. % ASICXIL, T
AS ZTHAO T a4 X AS & L THEEMIC C2P B L T
WHASFEE DAL < a— 2 LIRS, CAIDA DA A K~
A= DY AZXNPKEWVIEE LN ET D AS OF 7 T
EIToTWD. AR THEN LT — %1%, AS T
7, ASEH, BHEL TV DOME, B a1 ZH5,
HAB=E, T, S OIT@EBOEERLED AS OfF®HRT
HD. AR TIE, ZNDDOT—F &7 a— L7 fflmimn
LHrTZAS AR Y=Ltz TV 5.

BGP @ AS /SR U R NEMRATIX, AS bR v ¥— % g7
HFRELLTHRURLOTHDE, WSObLORMESD
S CW5[1]. BGP v—T 4 728 W\WTIiE, M
AS ORI NOIRBIEREZ LRITEBEOT LT 4 v 7 R
(AS L L WEEBZ D) ~ORERKEZRIRT 5. AS %
AT HEEOMMBENDIRR I N 5REERN B H D AS
WCEIET A Z LT AS NAWBERESHEET S0, £0
RIORBED A > 2 —F >y MT_XTO AS B OB MR % 18
L TWA DI TRV ZDOD, BHo AS EHMR
HORBIBROBNS A L H—Fy hEED AS bR Y
—OREEHETH I LIXTE R,

CAIDA @ AS F AR v U—IFHIE, HE OB ST T
BGPEM N HE LN D AS SZADFBHROEREDE L, AS



ERE YU HE S e
IPSJ SIG Technical Report

TERAMMSENBRERT D AS RBICETHRY o —F — & ~_—
ADERELELZDHEHRFEE LTS, o, BIHLSE
WRPWMYNTT — F N =R EIT > TV D AS Y OIE#
IXIERECTH D H, BREPLEIN- L AR N T Yy
FEFIBRL TWD AS k7 EOEHITKBE TV
WHRESER & 5 .

T, AT 5 — 2Ot f T —# L LT,
a—A)V ISP I 74 aAIa=b—TarRry NT—7[27]
DERNV—2—D BGP DT NNV —+ DEZET VT 4 v T R
BIEN DI L7z AS X2 Y 2 NEEY BT, ek, A
WA T, AS MBI MmE L, ASXRYURRNETEDL
O E OEEBEGEAHERTENE, V7B HDb0
LT 5.

3.2 Tierl D EH

Tierl 1%, EEEOA & —3 v MZBWTIE, #HEkEAT
Ny 7 R—VREIBREER L, BEOBEGMEZRMIET 2K
F ISP OEMHIT, BEEHERRERIZI T Dk BAZ AS BEL
LTHESIT DM, PERERITZINATHARN., K
eI, ETHHIC, Tierl ZEHRL, TOERICE SN
T CAIDA OF —Z N Hi%X4 95 AS A fHH] L Tier 1 AS ##
ZRDD.
Tierl DEF :

cHAE< e A=V ERANET X T T EMICET
5AS THD

« AS FIBEREIC N T BN ISP 2 Rf7= 72\ (Bt 95 AS
R T H LI AL <)
CAIDA DT % > 7 BT 50 X145 & L CTHERERZ L &
Rz A, EALISP 2F R0V 0iEED 5B 17 6T,
TRTHPHELICP2PEHFE LTV, ZNBIET v F /T
1FIE EAL 30 (2N H D, < D AS OB ICEE T & FF
DASTH D L L HIT, TRTHMAEIZ peer B L Tz,
AL TIEZ NS D AS % Tierl & A7,

£1 ERDPOIE LI Tierl AS

Table 1 Tierl ASes determined from our definitions

ASN [RANK AS name Type Organization Name
3356 1 |LEVEL3 Tr/Ac| Level3 Communications, Inc.
174 2 | CONGENT-174 Tr/Ac| Cogent Communications
3257 | 3 | TINET-BACKBONE | Tr/Ac|Tinet Spa
1299 4 | TELIANET Tr/Ac | TeliaSpnera AB
2914 5 CI\II\;[I‘I\T/‘[-UNICATIONS Tr/Ac| NTT America, Inc.
6453 6 |[AS6453 Tr/Ac| TATA Communications(America), Inc.
6762 | 7 |SEABONE-NET Tr/Ac | TELECOM ITALIA SPARKLE S.p.A
2828 9 |XO0-AS15 Tr/Ac|XO Communications
6461 13 [ABOVENET Tr/Ac | Abovenet Communications, INC.
3320 14 |DTAG Tr/Ac | Deutsche Telekom AG
7018 | 17 |ATT-INTERNET4 Tr/Ac | AT&T Services, Inc.
701 18 | UUNET Tr/Ac| MCI Communications Services, Inc.
209 19 SE?&P&RS‘I#EI\J;?FUS Tr/Ac | Qwest Communications Company, LLC
1239 | 20 | SPRINTLINK Tr/Ac| Sprint
12956 | 30 | Telefonica Tr/Ac S’I‘;lzfé);;cgﬂntematlonal Wholesale
286 | 32 |KPN Tr/Ac| KPN B.V.
5511 35 | Opentransit Tr/Ac| Orange S.A.
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Figure 1 Distribution of AS pathlist length of ISP data
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Figure 2 Distributions of shortest AS pathlist for A and C.
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cH v MAHEFRTE 7.

#2 Tierll RADOHE LY a— by bOBPEONSARE
Table 2 Difference of AS path-lengths between on Tierl and

off Tierl.
INRRE -2 -1 0 1 2 3 4 5
ASH 14 400 998 416 106 17 3 1
EEASHE 414 998 543
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Figure 3 Peer AS specification of ISPs.
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Figure 4  Peer AS specification of Content holders.
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Figure 5 Peer AS specification of SNS providers.

1000

BProvider BPeer BCustomer

N =

Microsoft Apple

B 6 OS A—J—DHfi AS JEME
Figure 6 Peer AS specification of OS makers

(©2016 Information Processing Society of Japan

Vol.2016-CSEC-73 No. 14
Vol.2016-I0T-33 No.14
2016/5/27
K6 WRTEIZ, EEROSA—HI—ThHd~vA 71
VI RET T MIOWNWTHREREZ L. 20 —%F
O, 2T YR UL R ol BE O
Ay 7 vilEETHNIE, A& —%> MNIlAZEE 2
LIDED, FEARY 7 NORE, HEEEE DRy NU—
7ENTDHEF 2V T A HROID, %< OFHEFEOKRF
DT v T T = T —=HEROTOT 7 BANEFT D720,
AE—=Fy MZBWTE— D a7 Y R H—i73
MEMTER-STVDEEZLND.

6. BX

CAIDA O7 — &%, TS THAENL T — 2 %
HElZLTnaed, Z<OHR/NISP RRETDL R TPy
b Z IR L 72 BB O HIT K S iz < W, ISP OF —#
DAL, AS A EBOREL T Yy M L
RE2AT> TV D EHREC, B AS BRI —ERXEZIFTNDH AS
KT 2O L T, 8Bo0NFAT2EERKE S E
BEWRBRENDH 2720, T2 XM L EHE2REFL T
AV

WA, FRHRRY/NBUAR 72 ISP <2 CATV % T b, @EEIRED
IEARRALLHE A B OB EIic kY, B IX £2M LT
ISP Tl arvsry7Fanf X —LERET T A4 -}
BTV T ETOEINEML WD, aryT Yy T ang
=D WH> a7, A F—Fy NF—5, BEm
Bt 2n O ERERMESCZEEN P —EAREEELAT DL
ORENT=DHH Y, KFISP 21T TR fERlicmy K=
— W —Z D CATV 72 & O/NBIR AS #fk72 & & & BRI
T TAR=NRET VU T EFFHoTCETCND L, av
T TN F—REEIZbloTETWHZ ELAD
W5 EHILISP TH 100 22 D2 Ty 7 agH—
EETV T LTVAHHELL RN, ZOXH5RETO
TIAR—MET VU7, ERPOHR L TEloA
— Xy hOBEREWIZENLIELILDOTHD L EBIT,
A7 ISP & OO BEESCER LA L IE TV HOT
brEEBEZLND.

EZAT, AS/RAY ARG AS bARBEY—%H#ET 5
ZEIZEAL TEW O OERER S TWB[1]. &
ZIE, & AS 1%, HEEMEAMRT D720 BERE S - T
WM Z DOREBBITE R EICIE AS SR Y X b & L TR
EhaZ Eidien. EKERGT 2 20IxEHmICY
TV T UTEREREZEED THIH T D2 0ERH D

FI,ASESTLICASE ) —RELTHRTZEIZD
WL, AS MR — X% — I G L TWRWEA R H 5.
HebEEHD AS FRELTCWAHBLLY, Miods
L > TASEBEEREEIC -T2 GELHD. ZOHA,
B BIRIZ S 7 U > 7' (Sibling) & FEIEHL, T 5D AS 1358
RICENVEHEIN TV EIEF 202, EFOBEMIZ



ERE YU HE S e
IPSJ SIG Technical Report

o THEHIMENRD L. IHIT, BERARAS IR —H
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7. £E&H

AETIE, 2T Y HRAE—IZLDEED AS bR
0y —0EERDICD, LD CAIDA 7—%&n—7
JVISP D BGP b — & — 3 HfG9 5 AS /XA U A R & FH~7z.
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F 72, CAIDA OF — ¥ )b Ele AS OREFiRE & R~ 7z
WERTE, ar Ty YR30 THREE b5 T
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F—DFEICEL Y FAED AS IR 5 BT #EA AL
TS EHEETE .
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EEBITAS PR Y —DH LWET VERFT Lz V.
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