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Abstract of Master’s Thesis

Academic Year 2008

Analysis of Regional-level Internet Topology
Structures

Summary:

Analysis of AS-level topologies is an effective way to understand the Internet struc-
ture and its development. An AS topology represents logical connection relationships
of networks, and thus, is independent of geographic locations of connections. How-
ever, the actual Internet topologies are constructed with geographical and physical
limitations. In the meantime, the global Internet topology is shifting from a U.S.
centered star topology to a more distributed topology interconnecting regional hub
ASes. Therefore, regional topology views would provide new insights to understanding
changes in the Internet structures.

Our goal is to understand differences and similarities a-mongst Internet structures
in regional views such as from Europe and from Asia. We examine inference method
for regional AS topologies, and compare the resulting regional AS topologies. Our
inference technique extracts AS boundaries with traceroute data collected from multi-
ple vantage points. Then, we illustrate the resulting regional AS topologies using AS
Core Maps in order to identify the degree structure and AS locations in each regional
view. We show that the distributions of AS out-degrees similarly follow power-law
but Tier-1 ASes play different roles in regions. We also identify issues such as the

lack of vantage points in Africa and Oceania in the current data sets.

Keywords:

1. Network topology, 2. Measurement, 3. Geographical Information,

4. Macroscopic Internet Topology Discovery,

Keio University, Graduate School of Media and Governance
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N3 £ TORHTH % RTT (Round Trip Time) H35EHIITE 5,

B.I 24 R b cpusfe.wide.ad.jp 2> 5 www.caida.org 1% L TEHHI L 72 traceroute
OHKERZ R T, HAOREERE, I TTL Ofi, S A F44, IP 7 FL A, 32037 L %
ICMP /8% v F® RTIT #-7, £7, RTT &, NEEU M 2UI0ETEE2ET. H
JID 347HIE, FAF cpuds, 0 T UBLLTD RTT O T vland.rg-gate.sfc.wide.ad.jp
IZ TTL Ofi 1 TICMP 7y FDEEL 72 2 & 22K, traceroute # H\» 5 Z & T,
FAF cpu 26 HTHA A www.caida.org £ TOREEN DN 5.

4 N

cpu % {, traceroute www.caida.org

traceroute to cider.caida.org (192.172.226.123), 64 hops max, 40 byte packets
1 vlan4.rg-gate.sfc.wide.ad.jp(203.178.142.129) 0 ms 0 ms 0 ms

2 ve-100.foundry1.fujisawa.wide.ad.jp(203.178.137.91) 0 ms 0 ms 0 ms

3 ve-4.cisco2.notemachi.wide.ad.jp(203.178.138.243) 1 ms 1 ms 1 ms

4 apan-jp.t-lex.net(203.178.133.141) 1 ms 1 ms 1 ms

5 losa-tokyo-tp2.transpac2.net(192.203.116.145) 116 ms 116 ms 131 ms

6 cenichpr-1-lo-jmb-702.1sanca.pacificwave.net(207.231.240.129) 117 ms 117 ms
118 ms

7 riv-hpr-lax-hpr-10ge.cenic.net(137.164.25.5) 123 ms 123 ms 123 ms

8 hpr-sdsc-sdsc2-riv-hpr-ge.cenic.net(137.164.27.54) 125 ms 125 ms 125 ms

9 pinot.sdsc.edu(198.17.46.56) 126 ms 126 ms 125 ms

10 cider.caida.org(192.172.226.123) 126 ms 126 ms 126 ms

- /

3.1 A AL cpup b www.caida.org IZX 9 % traceroute % F1T L 72 A5 H

Paris-traceroute[6] (X, 7 7 ¥ AIZHlii%£> CNRS @ Brice Augustin & 235785
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L TW 38 L > traceroute Y — )L Th 5. BEFD traceroute FHETIE, @HFEEE ICHAE
T HILEREMK 2 TcE v, 22T, BAED traceroute & [A U { TTL Z MMl I &
BBSEHA Sy P ERE L, FHERHSRE ICMP 287 v b~y D Sequence 7 4 —)v
FEZHOTATy Fo7u—2inl L, @EReHzHRIEY 2, Ridd 2 KEEICA v 5 —
Fv b bR a Y 2ENTT % Skitter[7] % iPlane[8] Tl%, 7 TIZ Paris-traceroute % A \>
ThrRaY 7= ZIEEL T3,

3.2 IL—7LARNILD M ROYE

L= L )LD bR Pl traceroute & IP alias resolution & WXL 5 [F]—)L— % D
FiOBEA v 7 2 — AT 28z fHAaBbE THWS Z L THEITE 2 [9. %
DRy 7 R——2%1%, REHEOO, HBDA v ¥ —72—RA%2kbE, 356121
DDA VI —7 2 —ATEEDIP 7 FL A%, IP alias resolution X, Ny 7 R —
YNN=I DAY =7 2= RN L TEHIN T v F2AETE52 LT, HEBDIP 7 FL
AWFE—DN—=F Db DAL, IEL 7 traceroute 7— % LflAHOETL—F L
XNVDEFRaYZHLPT 5,

E G

A D

F H

Router and Link
Interface

3.2 1P alias resolution # AW 7z[Fl—1—% DFf>4 ¥ —7 = — ZADHEM

IP alias resolution F15D 1 D TH % Mercator[10] 1, WREEEIC UDP 2 H T, ff#i
HAI3ncuwii — FH5IC UTGHIS 7 v F2RET 5. REI N7y D
FEGIP 7PV ADKENRTy POHTHRIP 7T FLRALERE>TWIgs, ZO0IP T
FL A% Alias 7 F L X EHEHIT 5.
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Ally[I1] %, 2 2ORRIP 7 FLAICKRL T2y FDFHIr v F 2R EL, xf
RIP 7 FLVADE—DNV—FIZHTET 2 IP 7 F L AHWd 2, HWE, BEEIP S
7 b~y D Identification 7 4 —)V FICEHT 5. %, V—2% 1%, Identification
74=NVFOID&FF5%, 708 —TLI1C1 $OWMEIE RS ERT S, 220 IP 7 F
VA, FA—DN—F gL Twieha, @i L GHI 7 v F 2388352 & T,
Identification 7 4+ —)V F D ID FH5MLHE-S 7B R TIETTH S, I SITRENT v
D TTL DD 6B v D FHy 78 % T %, Identification & TTL 7 4 —
IV P DIEHDBELL T D88, 22D IP 7 FLAZE—DNV—FIZFET % LHEHT 3,

APAR[I2] &, FHHI %7 v b 29, EEGEH L 72 traceroute 77— % Z BT % 2
EDHRTalias 7 F L AZEINT 5.

DisCarte[I3] (&, IP ~v ¥ DA 7> a7 4 —)V FTHs RecordRoute * 7> a v
ZHAWT Alias 7 FL A ZH#EHIT %, traceroute I X ZINEZI NS IP 7 F L &%, e
D Incoming DA ¥ ¥ —7 = —APRDIP 7 FLATH %, RecordRoute & 7> a v
WXk TRl I N5 IP 7 F L RIE, WNRESRITH LT Outgoing £ ¥ ¥ —7 = —AD IP
T RUVADGEERI NS Z ED 5, traceroute & i) E DIFEEDHEMTE 5, Incoming &
Outgoing D IP 7 FL A5, [H—DIL—F23Kif22 7 FLAZIET S,

ZNZFND IP alias resolution £iffild, T XTDONV—FPFFOTXRXTDIP 7 FL A%
HEDIZT 52 LIFTEY, TNTNREERE T OV —F DAY 52 TE S, Mercator
1, BENT Y POREBILIP 7 FLVAZFEIRT 2 2 & TE LWV, EEA 7Y LD
RERIP 7FLVALERU IP 7 FLADYGEDR S, Ally 1, 2IP 7 F L ZITkH LG
FELCRRIS 7 v R 2RETZI L5, IP 7 FL A n 12X LT O(n?) BIEGHI
PWlhnled, A vy —Fy FPaEZWNRE L @ITIZBFENICAAEETH 5. APAR
i, FiE bR e Y oD AENTEETH D, DisCarte TH 3% RecordRoute F 7' a
ik, FHAEEERD S 9Ky 7ETOIP 7 FL ADAGARETH D, A ¥ —%v b&
FEWNRET L7011, HEDERL 2 AS ICEHBOFHHMLS B L 725,

3.3 POP LARIL®D MRA VR

POP L)L F Ra PN, V—F DHR A NS Z DIV —F BEAET 5 HEEHR
ZHEIL, MB—D ASHD FFRuP% POP HOL—% b Rua P2 H#EHT 5.

% DA vy =%y MCHERT 2H8RICIE, EBROBHEEICLD, FAMBREIN
%. DNS (Domain Name System) 1&, F A+ & IP 7 FLAZMIGDTF 53 AT LT
H2%. DNSZH—ERAL TS 2—LT =R L TRHVAbES LT, A ML
LZOMEERDIP 7 FLAZBEKRT LIS E0, M IP 7 FLADL R R MAZBRET
MR &N TES, ISP T, HOED %Y P 7—JHDONY 7A=Y L—=2IZW LT, |
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Border Router AS
and Interface
BB Backbone Router Link
and Interface

33 L—FDFAPLIZE S POP L)L FRa S DT

7 DR O L o7 BT, A - 4l B o HUBRS 2 HETTAE 72 & 5 (o7
ELTO8A0 5 5. UFICEED ISP TH SN2 K2 F 4oflzRT

foundry2.otemachi.wide.ad.jp
fa—2—3—4.a10.tokyjp0l.jp.ra.gin.ntt.net

(3.1) DFA FiE, AS2500 ® WIDE Project ND %y +F 7 — 718 ThH 5. (3.2) I3,
AS2914 NTT Communication 23§ 2 aTH 5. (3.1) DF X 4413, otemachi
Lip & WOXFFINAR NLICEENS, jp ik, HEOAY F)—a—FTh2, %
7z, otemachi (¥, HADHFH TRHXKFM LHEHTE2, 22T, (3.1) D%y b
7 — 7 #da 13, HAOHEHETAHXAKFNICYBENICEES N T» 5 LiElTE 25, [
BRIz, (3.2) DBITIE, tokyjp £V ) XTFANTED, ZDFy P 7 — 7B HADH K
HICHEI N TV 2 LHHETH S, 2y P =GO F X AL, ZRZEND AS
DRI ITK T, MEOMARA THAM T TRbL S, (3.1), (3.2) TIE, W
FAEL &S HROHAEIAAET 2 EHEWFEE CTH 228, B samaMillzHi>, AS T
EDRIVUICE S THA N AD@AHADNRRZL S 2 eho, BRUHICK>THRZ M
225 B IROHEN T2 Z L IINEETH 5,

Undns &, Rocketfuel[lI] THW» 6415 scriptroute[ld] D€L 2 —LThH b, 2%
NDAS TEWXHFARAMADV— Ny F2EL, L—ILIE>THAR M4 GO
W75 % RGO T3, FlziE, (3.1) D%y b7 —78ERE, ZOFA MDD
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WIDE 7uy =7 FCTEM, HHINTw AR L D)%, Undns WO WIDE 7'u
Tz DN —)ky b iF, KBIDEYTHS, (3.1) OHITIE, XTSI otemachi
23.wide.ad.jp DHINCH %, Undns 21§22 & T, (3.1) DAARNAZF >Ry P77 —
7 B&ER73%, Tokyo, Japan ICFATET % L HEMINSTE 3,

Ve N
2500 \.wide\.ad\.jp$ { \\

\.([a-z]*)\.wide\.ad\. jp$ loc=1 { \\
dojima "Osaka, Japan" \\
fujisawa "Kanagawa, Japan" \\
nezu "Tokyo, Japan" \\
notemachi "Tokyo, Japan" /* NTT-otemachi */ \\
otemachi "Tokyo, Japan" /* otemachi is a building */ \\
hiroshmia "Hiroshima, Japan" \\
hachioji "Hachioji, Japan" \\
tokyo "Tokyo, Japan" \\

o\

M\

N /

3.4 Undns: WIDE (AS 2500) ®)V—)L v b

Rocketfuel TlZ, DML D> 5 traceroute ZEfT L, undns IZ X % POP D%
HzHAEHLET, FEAS ONEHOL—2 FRaZ2HLnICLTWw5,

1. traceroute # F AT EZBHSMIT L 72\ AS Z W T 2 A 2 METEITT 5,

2. MR AS NOFHHIA R b2 5 traceroute % 177 %,

3. NRD ISP NED /7 — FIZK L T traceroute %419 %, 246 D43Hi7- tracer-
oute T ZMNTTH I ET, ASHORY M7 —27ZHERTELTLZRL T
%. Rocketfuel DT FIEZHWS 2 T, POP D% 7%y FOHY A APy Y
N=F, Ny P R=—V V=8 LZD) v 7Bz onITTES.

Washington K“£® Scriptroute 70> = 7 b [14] 1%, V—F DF A + %7 o HBLER
ZHEM I % undns Y — V2B L T 5 [15]. Undns 1%, 271 @ AS ICHT 2K X M4
DB ZRR L 7V =y FZ2ffS. Undns 2352 8T, RAMADG I —
Z OPUERZ HEMAIRE & 725, LA L, Undns THIFERZHEHTEZ 2 WGE03H 5.
120, /MR ISP R 774 R—bETV U IR ED—FHD TV 7 4 v 7 ATIE, BIE
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THREBICHA R P AZREL T, 7, Undns i, $TXTD ASIZHT 3 L—0
Ly bEEFoTVRY, 518, ISPICL->TE, HSGDOL—=FIZ7I7A4X=FIP 7 F
LAZHOWTWS, 774 X=FIP 7 FL R, D AS DS FAMLZEHD Z LD
BEL . F7e, AR N EHBERSLT L S —BL R WEADH B [16).

3.4 AS LARILD ROV

ATk, BEED AS PR u PEHIFEZ 3 DB L TRT. 12U, traceroute
T8z AS PR uPEHIIFETH 5. HIBEAYIC B L 72 8RO R 2 S EHII L 72
traceroute 7 —% & BGP Off#gEZ H\w 5 2 & T, AS ZHilid 5 AS [HD £z il
3%, Xk, BGP 7—% %M\ AS bR u P O FIETH 2. BGP DFEHKED
5 AS NREMZEH L, AS MERRDLZ BT T 5. &I, AS Ho23%8k L 72 IRR
(Internet Routing Registry) 7 — % X — A&k L - REEEWMZ 012 AS F R u P 2@
¥ 25FETHS.

3.4.1 traceroute ZRAWIz AS MROY O#r

ZNEFND AS 1F, MEHORKEHE LR Y > GEHSI NS, @, HoD AS Nich 5k
ArDSH ASHO P Ra P2 5 2 EBTERV, 22T, BFEDO AS PR IclT
L8 [17) Tk, WO S traceroute Z W T PR PEHIT 2 2 LT,
EDASHDA VI =7 2—AL VD bRuP T =8 2INETH, S5, AV —
F v P RRICNT 252 KO BGP )V — % DR EP S, ZNZNDREBED T L7 4 v
JAEZDT VT 4y 7 A%EHT % Origin AS OMNIERZERT 5. fER L 2RISR
EIEE L 7 traceroute 7 — ¥ flAaHHE 5 Z & T, traceroute T—F Dty 7 IP 7 KL
AZEMT 5 ASTEFTZWOITT 5, KBRS, ASHSZHMEIT5IP 7 FLAROT—
Y EMHET 5 LT, AS R HEHITE S,

ARFHEE, A v —%v b2IED AS Z2Hili§ % X 9 IT traceroute 7 —% ZINET 5
CETAS FRuaYz#fMlT 2. 2079, FHUBESRD 6 FE1T L 72 traceroute DfERE I
DASDAFFRaYZ2HMTE S, X DIEMRIAEBICHES FRa Y 2@ 5720120,
AL D AS 1% DFHIILE DS HIE L 72 5.

3.4.2 BGP OHIEHRZHAWE AS ROV DT

BGP O#BIE#RE H\ W7 AS F X a PO FiE2RT.
AS of#1Z, BGP )V —% OfREIEHRZ Wb Z £ Thh b, BGP O&fEKI Y b
Vi, HTHAS FTICRET 2 ASESZE L AS 2Rz &d, 22T, AS L
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—_— traceroute
Border router path
and Interface
— Link O AS

3.5 traceroute Z# A\ 724 v ¥ 7 = — AR D FHI

RAVDAL v =%y bDOFRaPiE, 7= 22k 97%, £ D AS LEGMER H
% BGP V—7% oftlERE w2 2 L THHITTE %, Oregon K*#D Route Views[L]
T, WD AS &k L R ZINET 2 BGP v —2 Z# A L, REEEHRE QL <
W5,

L2 L, 2 20MlH» 5 BGP OfFEEERZ 72 AS L)Lo bR e PEHIlFER,
JIRBICIED A v 7 =%y DO R PHITBHELWEEZ S, 1 DHOBEHIEE, 7Y
7k b AS Moz M5 2 LN EELR R TH S, AS OB, —&EDBIfNE
DIERPERMEDTIRMBED 72O IX ZREH LTV v 7 L3, 794 —1 7%
E7V Y IDBEET S, HS O BGP OREERO A TIE, filt AS BOITUEREE % A%
CEDHEEE %S, 9 1 olF, BT LY BGP ORKEHRTIX, bRy by —7
FTDOLT7 74y 706 BVETH S, BHEOMIE R TR—DHTHhE AS ET
Vv 75286, P74y 72 TELRITRLH TR AS FTESTFESIH oS,
Deflectionrouting EWHEN 2 FEZH S 2 LT, HTHAS ETDOITEDFT 74 v
JIZETV V7RO AS 2L KBHL, RODLEF7 74y 7BHGD AS WE2% L BE)
T2, 20Uk, I 74y 7 ORNBTERD TIENFTRAREE S, H—D BGP
= DRBEERDATIX, ST 749 7830540,

3.4.3 IRR ZFW/z AS FROY DOFEth

IRR L1, £ v =%y b EDA VI —FX A4 v OfEHIE7a F a1 Ths BGP O
FEERTE R & R D BRI T 2 EM 2 EE T2 7T —FIRXR—ATH 5. IRR ICERI N
T3 AS M O#EHERIZ, traceroute ° BGP 77— IZ X 2T CIEFE R HE L W77
A RX— b7 AS 2R TE 20882 H 5, Lo L, IRRIE, ASEHZFICL ST
FHETERIN TV S70, RBERITVGENH S, £, ISP I X 2REMRZEIC
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N7 I7A4AR—bETY T ok —EHORBERIZ, Tk TwhLATRENED
H5.

344 KBREBAVY—xv b ROJEAKKETSZ7OII YK

AV —Fv FrFRaliE, 4 vy —Fv FokEitEeXROA v ¥ —Fy F T —
¥7 7 F B OHEET—5 L LT, £ OMANINTE L (19,20, 21]. Zr—,3)L
AV =%y bR THS AS PR P DOMEHTICIE, traceroute, BGP DREHE
W, IRR ZH\V7-Fikrd 2 [22).

CAIDA @ Skitter 7u ¥ = 7 b [7] Tl&, traceroute Z%&IZ L 7 Scamper ¥ —)L [23]
ZHOT, /v —32y bPREDO MR Y TF—F 2%, AS FARae Yz L, nigit
ZfT>Tw3%, CAIDA (%, California K% San Diego Super Computer Center % #llii
El7e7uy 27 b ThE, Fu—n"NhA I =3y FRNRICR Y P T —7 DRER
fEtT L, MY — L ZBIFE L T\ 5, traceroute & BGP OfEKIERZHALGOE S Z &
T, Ay 7TEDIP 7 FLADFTET 5 AS 2L b, ASROERLLN 5. %
i G EBD /) — FIZR LT Scamper ZFEf7 952 T, A VI —Fv M2 W3R
2, ZOAS bPRaYZHEHILTW3,

Skitter TlZ, 2009 4 1 HEE, 7 X VU AZ i 31 oS ECRltlls 27 4%
BEL, PRy T =2 2IEL TS, WELLT—21E, 2y b 7—7 OEHMEDH]
FER b R u P2 Lo I 5.

AS Core Map X, CAIDA O Skitter 70 ¥ =7 b2k % AS bR vy on[gfbFik
Th5., MBAIE, CAIDA DRBIL T3 2008 FEED AS Core Map TH %, Skitter
7aYz 7 FTHHIL 28R [ERZ I, Z2RZFno AS Z2 s O ERIEER & X Bz H
WTHEL L Tw s, MREE X, ASHOERICE T ATV vy 70 TH S5, 7
77T, ZNZEND/ —FBRAS2#L, 77 70HLziERICL, AS DILEDOREE
Z B, HXB e ERoMERERTRI NS, XBI L, 77 7N AS MEDEHT ik
ZHRLTWS, 77279006, MEZHMBOREE, Hid o ORI Z AS MEHiE
TRIL T3, #HEIX, WHOIS ICE#HI N T 5 AS DMEDEHTH»S5RKD 5. AS
Core Map Tld, ZNZND AS DN 2 MEICEAH I NS, BRI, o & bHXREK
3%\ AS ZHEC ICIEE L, 20 AS OHXRB = I ZNZE D AS DELIE % IRE
5, MBI\ AS ZHOHFMICEET 22 LT, A VP =%y FDaATIh>Tw»
%5 AS MUERREIC 7% 5,
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3.6 CAIDA: IPv4 AS Core January 2008

. outdegree (AS) + 1
radius =1 — log
max.outdegree + 1

lo — longitude of the AS’s
angte = BGP prefixes

(3.3)

B2 L, KREBUCA vy —Fy P AR PFHIEBEZBEL s 7y 7 b L,
ZDFHFEEZ TR LT3, iPlane lf, 73 ¥ by RFAICHURZEL 70— A v & —
v PENRELE, PRuPEHI7eY 27 FTHD, FHIHLAICIE, Pla,netLabM
ZFHALTw5, FHIITFIEICIE, Paris-traceroute Tk & UDP 237 v &, i D ICMP
Ny Mk 3 FEZMAGDETHCTRS, £/, A XTI VDTLTETREI
flri%zFi> DIMES 7m0 =7 b [25] Tlk, PCORZ ) —ve A N—L LCHEHET S
traceroute 70 7 7 L EEHL, TV P2 5D4 ¥ —% v P8 AEHZ L < I
LL T3, E“WE'J?‘F&E: LTiE, ICMP {77 v M K 2% D traceroute Z T35,
77 v ADNNY FRNRAHLE Z D OneLab 70> =7 b 26) DA v ¥ —% v b bR

oYINEa Y R—F v }‘“C‘W)ZJ TopHat 70 = 7 b+ [27] Tl&, FHAMLAIC PlanetLab
J—=F%FHL, MHD DoubleTree 7V 3V X 4 28] % F\> CEHIIFME 2 ML v
%. T, DoubleTree &% D traceroute Z H\WTE D, 44 Paris-traceroute
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WXk BEIZEB I h) PETH S,

#32 KBB4y =%y b bR Yill7or =27 k

Project Traceroute Method
CAIDA Skitter ICMP, ICMP-Paris, UDP
DIMES ICMP

iPlane ICMP, ICMP-Paris, UDP
Tophat ICMP, ICMP-Paris

35 X&®

RETIE, A V=% bOPRuPTICOWTE LDk, BHFEDOA Y —% v b b
Ru PN, A vy =%y FEEZNRE L AS ODEAEP, FFEASHO FRuY %
fetrd 5. 2070, BT ILGGRHENZZ Ry b7 =7 TR snTws, X4, IPTF
LA AS &5, 206 ooz & B EERIZMZLTE D, @il TFoAaTiE, b
ruyoBEREEEG OO I EBREETH S, L, ZNETNDMITFIE,
IP 7 F L A DX 2 EEHROHEN T E 2 a8 H 5. HlZIX, V—FL )LD b
rua PHHTICHW % T Paliasresolution $4filE, WAL —2ICHET2 IP 7 FLVAZ Y
FAZNV YIS L, 20D, A—L—2ICHET 2 IP 7 FL A, F—ONEICHEE
T2 EHMTES, £/, POP L_XVD FAu Y THWA, Reverse DNS IZX %)L —
F O EDOHERIE M 2 5% 2 &, IP 7 F L ZAOHBERHEHETH D, POP HD
FRBeYTIE, IP 7 F LU AROEROMED HEHIFRETSH 5.

RETIE, RETELEDMEDA VI —2y F FRaPEMi»rs, IP 7 FL ADH
HERIHENTE 2 F k2 BE L, HBEERZEZE L7 AS bR oY Ok 2z 6
5,



B 4E

MIRRHEZEZERE LU AS MROVER
TFEDRRSE

ARETIE, HWIER2EZRB L7 AS F R B TFE2IRET 5. BRETIE, 4V

¥ —%v b bR YO FELZIBXRT, KETIE, 205D bRa PEFFiE» S i
EERHEH O IR Z MRS L, S 512 AS MR OMBEERZHEN T 25 L W FE2RE
ER:)

KFHETIX, S SEHAIL 72 traceroute 7 — % Z#HT$ %5 Z &£ C, AS MOz
L, RETEZ O CHBENICHEB O AS Moz 7 928V v 7T 5, &5
Ny IJR=V V= DF A4 E IX OHPRIERZ FWT 7 7 2 & OB ES % HEH <5
22 LT, 79AY EHIBERE MG, BrEHRo AS R 2 T 3.

P oOfEiclx, ZNFNOFEICOWTHIEZHHT S,

41 AVHF—xy MROYVOBIRFEE IP 7 KL 2D
L VAR

FRETIE, A1 —Fy bDFERRTEHICOWTE LD, IP 7 FL AR AS &
T2 NS OO L IBMEERIE, 2L TE D, @Al TFoaTHIEERE AR
CEREEMEOOIT LI EVBRHETHSL. L L, TNETNOMITFIEL, IP T FLAD
X 2 AL E S HRDSHERI T Z 2 WREMEDSH 5. AT, 22D v F—F v b bR
0 Y DN Tk 2 MBS ROHEN TR 2 X L0 b DTH 5.

traceroute Z V724 v ¥ —T7 2 — AL )LD bR PiHloaTIE, IP 7 FL A
DFLEERZHER T 2 2 L 3NETH 5, LarL, traceroute TIE L 72 RTT (Round
Trip Time) fEIC & > TIP 7 F L A O R i cdhb 5. 1 v ¥ —%v b
LSRN L T, Ty FoFREREEZRICHV 55 Y — )L TH % ping $ traceroute

21
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£41 A ¥ =%y b bROPOBHTFEL IP 7 F L 2 OB E R

\ P 7 FL A \ .
W IP 7 FL 2o o Fik T 2 H5H
DY v 7 AE
Interface - GiERS RN Traceroute RTT
RTT+
T t
Router i SR raceroute + Reverse TTL,

IP alias resolution IP Record Route
Option, IP ID

Tr t
POP M i B aceroute -+ N— S DA
Reverce DNS

Traceroute + BGP,

AS [HH#E D
AS - HAOEERE +  BGP data e
IRR IP7FL A

A CRE

ZHWRZET, HODFA 26 HTHAANETHORTT 255HHITE 2. RTIT X, &
THAA MWL TICMP N7y FZEE L, MERISE T v P THBINENE->TL
2F CORRIZET., HThRAALETORIT 25T 2 2 & T, HESROYBIYEEE
MBIEELE 2%, MBI T, TTL =425 5120 <T, RTT Ofiz3 100 < V#HLLE
WML Tws, TTL =6 DD KR A Fd RTT OfE2Y 100 S VBB E»2r>Tnw3 2
06, TTL =4 205 512 TH A FMEAOYHINEER N Tw 2 LHEHITE 5.
512 TTL fti=1 225 4 TR RTT A1 SUBUTTHZ 06, TN6DFy 7
D IP 7 F L ADPHIGE AR & W, L L, RTT &, &bk v 7o5HS
DRy FETOREA VI —7 2 —ZADREBLITINI D5 F 2 —A ¥ JEIEIC Xk > Tl
DEBLLT W, FHZEKDI7URA 774y 72T 2 ASONYy 7A=Y )L—4T
1, SRl F 2 —A v BIED - O IERRKELLEHTE I ENEZI 5N,
V= L)L D b Ra PTG B T Paliasresolution $ifitild, HiRL— & IZHTET
2P 7RVAZ I FAZ )Y IS5, 20D, FA—L—2IZfET % IP 7 FL AL,
FW—DMEICHIET 2 EHEHITE S, A4y —7 2 —AD RIT & flAasbe i
Brd 22 &T, FERBICE 2L —2 HOMEN 2R SRATE 2 WY H 5.

¥72, POP L X)Lk FRaP THw, ReverseDNS IZ X %)L — % { i o H#E R H i
ZHW3 LT, IP 7 FLAOHBMNEIMERARETH D, POP, T—F LV FIHD
rayTid, IP 7 F L AMOEROME S HEHIFEETH 5.

ASLVD P RuPTld, AS e L HBERIWIEIT o Twiwnizd, AS Ol
HfEHE@TE 2w, LaLl, L0 ASHoE#RE, ISPOT—FLvy—2IX &
Vo RHEDY T CIEE R S NS LHENITE 5,
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4.2 AS HiEGR OB FEEROHER

AS R O HIBEROHEH TR OV TR T 5. METD I, KEEFEOMEL T
Vw5 AS HEROIEEZRL T3, BRETERED, AS BOERMRICIE, E7
VU720 y b3H 5, dlE, ASPBEI7 Yy FRIBEAT 2854, Provider 23
Customer I LT7 7RV 7 DE#HmEE N7y FNHDIP 7 F L Az 24t
%. Customer X, ZORMEINZIP 7 FLAZHMBO T -5 2 v 7 ITHFHET 50—

FICERET S, L, —Hor7vYy FPETY Y7, Provider D7 —%%
FIIV—F ZREL, #% %ﬁ?ﬂfﬁ]?%’kbi‘*ﬁﬁﬁh%. ZDt®», ASHEHTH 6
5 1P 7 FLADXR7IZ, PBRIZITVIGRTICIAE L T 5 ATEEMEDSE o,

el
[,
LLt ]

= ic]

CO ASHE#HT

41 MEBELS 0 AS L (E7V Y 7L F o0y ) EREOBIT (IX %
F—Sryy) TSN

LL, —#o AS Hix, HIBRICEiN T —F 2y ETLAY2 2y N7 —7 %Ik
4 Lf’:@ﬁﬁﬁ’? MPLS (Multi-Protocol Label Switching) L TE#i I 5, 7 IX T
IZ, MPLS % H\» CEEBOMLSZ B L GER SN Cw» 2 720, HBNIcHinz IP 7
FLAXRTHTASEfRING I EBEZ NG, 2D, HEHNICENZETI N
%5 AS M2 LR 5 2 & ¢, ASHDERTHW61S IP 7 FLADXRTII,
FHRHY 22 BEBE DS & HERI A BE T H 5

MED 1%, RFHCTIRET 2 AS B OMPEROHEMTETH 2. AFHEIZ, %<
D AS HOERP IX T =5 v ¥ EOR DA cHERI NS 2 & z’;%iﬁ‘/ﬁwa

KETCTIRRZZEY, %< D AS HoEHTHO 6N S IP 7 F L ADXRT7IXFA—DLE
ICHFET 2 EHEMITE 22 8005, IP 7 RLAZHGWT, Bz ASHIEREZ 7 725
YIZLTWwS, 29752 8T, HIMIICHEHUSICHEET %2 ASHER LD 7 2%
DML TE B,
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Neighbors

Link

Border Router AS
and Interface

4.2 ASHEHRDIP 7 F LV AZHOKE—DGIICHETIETIV Y ITDI FAZ ) VT

4.3 AS AEHEHEIORREFE

Hifli £ Tlo, BEFEDA v ¥ —% v b PR P OMITFEE, ZNFNRFPERE ETIEH
503, 1P 7 F L A OHBER, & U ISR 2 Lt 2m Lz, A
MElx, ZnonAf vy —%v b bRl o@iFikzlartibwE s 2 LT, HMERE
EELZAS FRu Y OB FIEZIRE T 5. AS PR oY or LI, Hes 75—
Y DENT IEETEND 5. KRETHEIZ, 2D 1D2TH S traceroute 7— % & BGP
DR R Z A GO T AS MEH 2 I TE 2 v 5, traceroute 7T—F Z w5 2 &
<, Interface L X)L, L—% L)L, POP L X)L DOHIEEHRAHEM VTRE 722 F K 2 P
TFHEEZHARDLE L LD THE-0TH B,

DN ICARRE T L2 IR S,

1. traceroute 7—% 26 ASHOEHTH L IP 7 FLADOX7 2L, 5D IP
T REVADIGE T 2 AS o2 oM UGAIcH 2 EHML, 7725V 7
5,

2. I Paliasresolution Z W TH—NV—2 DD IP 7 FLAZH#EHL, FH—L—%
1215 AS HOBST (1) TR L2 7 A5 %, S5IC0FA5) v I T 5.

3. W—=FDHRA 4% ReverseDNS TiHEL, [F—OHPERZ > AS H O
Y TAIN T D,

4. IXD7V 7 4 v 7 AL IX BHET ZHIBREHROXIGR ZFR L, XD 7L 7 1 v
7 2Ly 595 IP 7 FLAD AS Wi O BUEHR 2 40 L, PBLNICT
MEREFRFO IV IR R TRV TT 5,
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5. INBICHEZ LAY 2 %2y b7 —27% MPLS LTI s AS BIEsiIc kD, &K
KERBDIGHCH B 7 7 A BEAI N WELENDH 2. ReverseDNS % v
T, 7 HEERE RO AS RO 7 7 RS G E PR T 5.

6. (5) ETIMERL 72 7 281, ZNENIA—DBFTIHFIET 2 AS M TH 5.
ReverseDNS & IX @067 7 AZHNDIP 7 F L AOHMIERZFHEL, 77
Ay 2R DONEEHRE T 5.

9, RFHEEZ, BTN ARUZECHRET 5 AS [HEHE O B R O HEH F 1% 2
M2 2 L THIBRAIE W AS M2 7 2 A8V v 7§ 5, KFEOARTIE, IP 7 F
LADAZHCTwE I 05, M—IP 7 FLABEENG W 7 AYHZHATE R
W, Z22C, IP7FVATIEIZFARZY v 7 TER%\W AS B % [ Paliasresolution
& Reverse DNS IZ X 2HIBIEICTI 6127 7 AF Y v 7 LT (.,

F 72, HIERMICEEN 7. AS [T — ¥ 1X, ReverseDN S 12 & - THEH U 7z M EHR
IC&->Tr7 728 ) v 7ORGEZTRT 5. Rigic, HERIICT CISAET 5 AS [HEH
Thrznzhnonr 7 A% DONEERY, ReverseDNS & IX [E#®o» AL, 77 A
Y DOALEEREZHER T 5. % oML, ZNFNOHIBZ OIS TH % IX D3HFAE
§ 5. Packet Clearing House[29] 5> PeeringDB[30] 7% £ T, ZnZNn D IX OFf> 7
L7427 RAEIX DIFET 2HIBERZIEL TS, Zhoo7ay =7 FARKL
T3 IX OFERZCIC IX OHIIERE 7L 74 v 7 AOMIBRZERT 5. 21U X
D, IXOTVL 74y 27 2—8¥ 2% ASEHROIP 7 F L A2 X % AS [l o i PEfEHR
DHEMPIRETH 5.

44 FE&H

AETIE, BRETELORPEDA v —F v b P RuP@iFLkz, WEEROH
HITFEE L COBMED» BB, RSCTRET 2 AS Mo PG HR O HEH F5 &
Ahb¥e s T, MIERZEZEL 7 AS PR oM FERZRELL, A vy —
v b ED 7 —FO#NFTH2IP 7 FL AP AS HFDATIE, HWEROELET 23
EHREND ZENTE R, RERTHEZ, IP 7 L AR O 2O X1k 2
IP7RFVADI ZAZ) v 72k >TASHEREZ 7 7 A5 ) v JHligh 2 & xidRTz,
APBEFEEH D 2 LT, 5% RN L 2 PN 28BN O AS + K e 2 23iE
Brofggic 7 %,



BHE

RKEELAILD AS MROY DRI

AFTIE, BHAFTRRE L HHERZEEL 72 AS FXoro@rFiEzHwcT, 7
AVA, 77VA, G—ay R, PPV, FRTZTOREILICEITSAS FRaYD
MEZ N T 5. AS P AR IMIED BT, AS B OBREZ F o 72 ff B 5 A B4
& Skitter 7u¥ = 7 + D AS Core Map[31] Z >3,

5.1 F—=Htvhk

KEITIE, KEZEDAS PR ZBNTT2-0ICH T, Z0FND FRa PER
bR 3,

511 bkRAYVF—%

BRARECTHRZED, Z7u—sLk AS PR u P OTIcix, STt ik
traceroute TEMOFIHAIHETH 5.

AWFFE T, CAIDA o Skitter 71 = 7 b & Washington K%~ ® iPlane 234 L
Tws bRedEREZHCTENT L., M7y 7 b, Mo L THEEL T
WAEBOFH 2 — K26 ICMP, Paris-traceroute Z 2T F A v PEFHRZINE L T
%. CAIDA TiE, 7u¥ =7 MICBIML T2 Mk & L, #EM R T skitter %
HH L Tw3s, iPlane 13, XA v —F v FDT A MRy FMEREEMEZHNE L
PlanetLab FOFHHIBREEZMEEL, PR EHRZINEL T0 5,

Skitter T, 2009 4 1 ABIfE, MR 21 AE, 31 OB & JAHIFHIC A~ 8 —
v b EO M RoPERZINEL Tw 5, GRS IE, 77X Y A2 10 LE, A5 4122
s, A=A+ 7297, A=AV T7, 77PN, AL A, FY, HE, FLY, AL
Y, 747V F, ¥Yvw, TAVIUF, HAE, @HE, €tvva, #7048, Za2—

26
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=S5V, 74V, BB, AXVARCENFNIIETOEET S, £/, iPlane
IZ PlanetLab FDEHH 2 — FZ2H\wTw 3. PlanetLab (&, 2009 4F 1 HEfE, {HHIC
A3 YED ) — F 2L TWwW3,

# 5.1 Skitter & iPlane 12 k> TIE I N b Ko PER

CAIDA Skitter iPlane
EaiilRilE] 2008/10/18 - 2008/10/20 2008/10/18
IR 31 943
7= scamper 7 4 —< v b (warts) | M7+ —~< v b
Rt IVE—=TF4R TATIv Y
traceroute T U % 16,567,960 27,092,756

# B0 1%, Skitter & iPlane TEHl I N7 77— % OFEMl 2 KT, KX DOMHTIZIZ,
2008 4F 10 H 18 H2>5 2008 4F 10 H 20 H OWIRI TR S 17z S A FHR & K v P {FHR
%\ 7o, Skitter O FHALAEUE iPlane 125 L T4 w23, FHIMILATASEH ISP %
CHAET 2503 5. —77, iPlane DEHIMLE D% < 1%, HHOAMEEEID AS I
f£9 5. Skitter D7 —% 7 4+ —=< v M, scamper 7 # —< v b (warts) TERF I 1,
iPlane IZMEHDNA F VY 7 5 —2y FTHREINTW S, £7, Skitter 12 & - TEHH
I 7z traceroute TEHILET 16,567,960 = > V), iPlane IZ X % traceroute &%, &t
27,092,756 =¥ F ) ThHh oz,

512 BGP F¥—%

ASD7V 74 v 7 AL AS FHFOXMIERICIE, Routeviews[18] 2325 L Tw» % BGP
DL Z W72, BGP DREEEDP G T LD T L 74 v 7 RAENIBTH2FY Y v D
AS FHE 2L, MIEERZEKT 5. Routeviews 23285 L T2 % BGP DOfREEFRICIZ,
ASDTV 7 4 v 7 AEHS 280,741 = bV dH o7z,

513 SYR¥Y—7

ARETFIETIE, HWET2IP 7 FLAZR G ASHOERZ 7 7RSIV v 7T 5
eIz, W=7 DHRAMLE IX OMBEHRZHV%, 2o IP 7 FL A L HBEHR
XGOS5 BERRE T v Fe—27 LIRS, IX OfE#HRICIZ, Packet Clearing House 7323
B L CT\» % exchange-points D7 —% % f\» 7z,

KO2, L7777 v Fe—28%znd. IX DEHRIZ, 228WsoD7v7 4 v 7 A
PRS2 i L 72, Undns THEHICTE L —F D IP 7 F L A%, 143470 =~



HHE OKEEL LD AS b AP DT

VdHot, NGB LAIP 7 FL R, ZNFNYENICEET 5 KEL & RInD
7.

#52 FVFe—7F—5 DM

IX #lsiZk 228
Undns 12 & > THIBEER & WG 72 IP 7 F L R4K | 143,470

5.2 MRITER

AfilZ, #ELI A TR 7 traceroute [EMZ T L, AREFIEICIOKRET LD
AS P RO P BT L iR E R

521 KECEDIFRIBAX

B3, KRFETHENTL TROoNLREZS LD IR ZRT, TAX)VIDAK
BECIE% ¥4 L= LD EST, MST, CST, PST Dbtz 435 L CTHRENT L 72,
#ofASborderlinks X, 7 7 AZIZ&EN5 AS HEHROETH Y, UnigASN 1%, 7
FAYWICHIRT 2 ASETH . 7, Otherld, 7 7AF VI TELhdokT—%
Thh, AlllZ, IXRTOKEEL2EOEILA VI —Fy P EEZERL T3,

#£5.3 ASHERDZ 7254 X

Area # of AS border links | Uniq ASN
FEurope 62,899 6,011
US-EST 24,620 3,341
US-PST 18,865 2,035
US-CST 18,143 2,405

Asia 10,608 1,441
US-MST 9,271 1,005
Oceania 2,597 374

Africa 135 43

Other 70,326 12,660

All 225,792 20,906
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CCDF(Area)
All + E
Europe 1
US-EST *
US-PST ©
i US-CST E
ik Asia ]
DO US-MST o ]
W i 3. Oceania 2 1
Q g2 L > ‘ Africa  + |
8 - i jf* E
e [ 1
=]
i%%; H,
107 L .
E + ]
F +
.
10—4 PR | L el Ll L
10° 10t 10° 10° 10*

Number of out-degrees

5.1 HXRBUC & 2 MR AR Z W7 RES LD AS F A vy 2 i

5.3 KEECED AS FROVEEDLE

RETHE, BITLARKEZ LD AS FRARYZHGEEL, ERE2IRR2, RKFECTHENL
AS PRRYDF—=FZNT, KEZEICAS AR R KT 5.

531 #HBERSHENZAVWEHR

MEIIX, KEZEDAS FRuPDr 9248 2Lz, AS BBk HXEZ Hv7-
RIS (CCDF) 2% 7. Ko All i, £2KBEEZE&DZ AS FRAu PR
#RT. KRBEZ LD AS 12X 2 HHRED, ZNENREFANHE) I@ALH SN, 20
ZNDOREEICIE, BEPBERTEINT ASPHFETSLIL2E LTS, XEITIE, 21
ZFNDKBEIZEIT N7 AS IZOWTHITYT 5.

5.3.2 AS Core Map lc &3 AS MROY DLLER

KEEZ LD AS b Ru P %2HEB LA TiiR7 AS Core Map ZH\WCH#{LT 5. AS
Core Map 1%, E7 VY Y 78D% v AS ZHDICEET 2 2 L6, ZRENDKED
7 AS PEIRTAEIC 22 % LHIfFTE 5,

ME2E, AFEZHOCTHEML 727 7 RED AS FRruyThs, KPETE, H
KB\ AS 2 16 5METERL T 5, rank (ZNENL, asn i3 AS &5, degree



WHE O REELLD AS kAP DT
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X, HXEZERL T3, £, 77 7h08RELZOHRTEZE DL TTVS, Zh
Fhoy vy 7o, €7V 72HLTw3 AS OREICH Y Y TonktThd, 2
UTE D, BEDEWASHOET Y v 7o w22 ), Siion - fEicd:
FiZzfi> AS D) v 7 tapstafiivim BRI N 3,

1008  90E  gof

705
i
\ \\\\\\‘\”H ...l .””/””’//////
\\\ M\ L]
W ' s I
b | L

A\08

(rank, asn, degree)
(1,'2914',99)
(2,'9800', 76)
(3,'3216',72)
(4,"1237',70)
(5,'2516', 60)

5.2 AS Core Map (7> 7)

B4, 7T KRED AS bR PICEIT S AS HREBIEICR72bDTHSL, T
TREETIE, HRZF TR, vy 7oiE, HEOFEERIELTVwE I E1br s,
ME3E, AFEEZHOTHEM L7232 —a v SKED AS PR Ths, 7 7 KE
IR, PAXV D AS LI H B I EDS, TAVID AS DFHEERDE S b
05,

FEHIX, 3—1 v SKBED AS PR DICE TS AS HRBIEICEA7SDTH 3,
=y NKETIE, 7T REICHRT?Z XU D AS OFEBPRE LI EBb1 5,
TOTETEY V=0 %EFZT L%, TAVIDAS D77 ADiEHIZ, 12EA
BT E o, 1, BREAEOUS T (TA7T) D AS R 175 BICAET
5=22—Y =Y FDASDL ., 77RAFY IV ELTETORVWERRIZH 53,
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#54 TYTRBEDNT AS

Rank  ASN AS Name Country # of out-degrees
1 2914 NTT America, Inc. JP 99
2 9800 CHINA UNICOM. CN 76
3 3216 Golden Telecom RU 72
4 1237 KISTI KR 70
5 2516 KDDI JP 60
6 10026 TISCALI DE 57
7 9121 TTNet TR 54
8 7660 APAN-JP JP 46
9 1299 TELIANET SE 44

10 1239 SprintLink US 39
#5655 2—u v KBEDNT AS

Rank  ASN AS Name Country # of out-degrees
1 174 COGENT US 736
2 3356 Level3 US 596
3 1299 TELIANET SE 586
4 3549 Global Crossing US 341
5 9002 Real Time Network RU 284
6 3257 TISCALI DE 269
7 3248 SIL-AT AU 254
8 20485 TRANSTELECOM RU 246
9 786 JANET UK 235

10 6461 ABOVENET US 234

Q7D ASBT7 I TN IUTW» S AR D 5,

-y XTI, AXVART7 7V AIEFZRD ASZIF TR, Ha—av oD
AS DEHRBOL L b5, BER 105 B> v R — 0V ofRE 117 EodE (b
7)) D AS OHEH B S 7z,

MBS EXEA X, 20207 X)) A OHRFEL L VaERFADO AS e Y27,
EST Mk Tlx, 727D AS DD H £ HBIHITE w23, PST =Y 7T, %< D
TITDASBFET S, £, ESTHUKTIX, 3—m v D AS L HEHLTED,



KBEL~LD AS kAo Y gt

#
ot
i
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90E 8OE

\\\\\unlrllnuuu,,,,,//
ot /////////
’//

=
©
=
=
°
©
-

Z
%
<

K2

x
I'e

(rank, asn, degree) Oé\/
(1,"174',736)
(2,'3356',596)

(3,'1299', 586) /MO“

(4,'3549', 341) MO0; mos MO8
(5,'9002", 284)

Mo >,

5.3 AS Core Map (2 —1 v X)

PST Hus Tl3D 7w 2 E23b D 5.

KEG & KBTI, 2henAL7 =7 KbEL LT 7VARED AS FRaYz2RT,
Fe 727 REO R YT, A=A 7 UTDASHNTTHDH I EDMRTE .
ASHIDEDIZEAER T XY AD ASHIFTTH S Z Ed3brs, 77V AKED K
Y6, AS H5 5713 @ SAIX (South African Internet Exchange) 2R T 3%,
LL, HBLAS BBV v s, ARRTEOATIE, BIHTE %) - A6l L
TI7VAREDO LR TF—=8PAR LT L HREENEZ 5D,

533 F&&

REEZED AS PRI K ZHIETIE, HIBUSEHT 2 2 & CRASRABAZ

7. ZNZENOMIES AS AR T 2 AL I LT, ZOMIKNTEROET§ 2 HlriH

ODL, TAYVADOHEHTH AS PR Y BRKREL B L oTw, LrL, 779400
AS FRaYTIX, AS BRIV, BITOREIZ 7 5 traceroute T — % DA T
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J00E  90E  gop
3
A0

70
\‘x\\\\\\H‘HHH////////// ,E 60

'lvp.,,/ ////,,
2

5.4 AS Core Map(7 XV 741 PST)

0t 90E  gop

\\\\\\m‘ww///,,////

Oceania

ot 1©

o,
[Mom Mo6 MOS8

5.6 AS Core Map(Z+7=7)

77V A2 OO T T —

AHIREHNAE ) Hdi ki 3dp - 7.
AS MO 2 R TE, Z DI

US-EST o 0% * o
‘ \\\\\H‘H!!/H/i

o /
///,/ »
/

5.5 AS Core Map(7 XV /1 EST)

00E 90 go¢

70
\\\\\H‘HH/H/////// £

5.7 AS Core Map(7 7 Y /1)

— RS I CHBEED D
ﬁ%%ﬁﬁ%ﬁm&%%ﬁvu,ﬁ@?&r
%72, AS Core Map Tl&, ZNZFNDOKREDIS

B3N 7 AS 3HH S B>

£I1F5 AS ]\d’f DR

o,

J: % Mer K /\
AT
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5.4 KEECED AS FROY DIREE
5.4.1 MHXE AS ITEB LB FEDREE

ZIKEIJ“C 1, RECTRET 2HMHERZEZR L 72 AS PR e P O FiEz2 6t T % 7

2, FRED ASICEHL, Z0fiEory b7 — 27 ERREFIEIC X 2 iR 2 H
5. ASITiE, AS &5 2497 @ I1J (Internet Initiative Japan Inc.) & AS %5 2500
DO WIDE 7uy =7 Fotxy b7 =7 %205

I1J 1%, HRIZHRZELS ISP TH D, WIDE &, HAD#MiHE 7wy =7 FTH
%. #BO X, IIJ & WIDE DNy 7 h— vl o HiBifE#R<TdH 5. 11J, WIDE i
A—wyN, AT =7, ICHEHINESFEL RN LD S

5.6 I1J & WIDE O/ Ny 7 R — U A7iE

AS Name ASN | Backbone
I1J 2497 | JP, US-PST (CA), US-EST (NY, PA, VA)
WIDE 2500 | JP, TH, US-PST (CA)

2, BT, 2NZNOKBEY 525 1o 5 11J (AS2497) & WIDE (AS2500)
D AS IRz ., AS BOEHEIRIC X > T, Provider 7% Customer D7 —%
VI ETTI7RARY VI RIEIXL, Provider D7V 74 v 7 AU LZIP 7 F
L A% Customer WHO DIV —FICHET 5 EVREZ oS, 11 B2 D K9 ik

ZHo Tt W Oy 7 R =R EETICa—a y 39427 =712 ASH
T%%%ﬁ)ﬁf?%jﬁ“‘@ﬁ%% F 7, ARREEFIETIE, HEENICEn G eI s
—iD AS MEFHBHERTE S, 77928 ) v IR H 5. 5%, 11J, WIDE
Dty b7 =2 ZBEEL 7 BT, IR AEMMEE I koT L,

5.42 HERRESnfc MROJISEHDIREE

KEITIE, RRXORETFEORIED =012, HIFERTI IAY ) v I TEhdh o1
AS iR Rz T L, BREZ2HRX 3,

BRI, KEZED ASRHIERZ 7 7 AY V7T 58, REZETIZ 725 30k
MoleT—8%2RLTWE, KK, 7I7AIHNDODT—=F1F, LAY21L5774 =}
7Y Y7 MPLS v b7 —7 ECEHE S - BRI IC i 7 AS RIEEREDO A TH 5.
LL, 7272990 AS BEEFICOWT, AS T oHBIREZFHE L L 25, AF
DFERE o 7z,
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5.7 KBEFRuPic&Ensg AS ML

Area I1J (AS2497) WIDE (AS2500)
All 348 59
Asia 32 38
Europe 32 2
Oceania 6 -
US-PST 215 2
US-MST 1 -
US-CST 9

US-EST 13

#58 7I7AIPISND R TF—%

Rank | ASN  # of links || Rank | ASN # of links
1 701 926 11 6453 181
2 | 7018 860 12 | 4766 179
3| 1239 706 13 | 6461 173
41 174 692 14 | 3561 155
5| 3356 648 15 | 8220 151
6| 209 624 16 | 3320 150
7| 2828 302 17 | 2914 150
8 | 7132 251 18 | 12389 138
9| 702 210 19 | 3549 133

10 | 3786 195 20 | 1299 124

ZEDZ, BN 520D ASICOWT, 75 AY Y v IEE I NI AS [
i IP 7 F L RAICX LT DNS 5| & L7 f5CTdh 5. AS701, AS1239, AS3356
WZOWTIE, FEEICX S FA ML S HHERSHENITEETH 572, Undns DIL—L
y MBEMT5IET, K7 IRAFICHGREETHS, LrL, AS174, AST018
— DR &, KRFEEZHCI I FRAY ) T TERGAS BIFET 5 2 LS I
o,

ABFEDFER LD, 77 AV %A TELDP 274 DF—%1%, Undns iICX % AS D
RA ML=V OB & O fRIA[EE 2 2 E S e o7z, ISPICX B KA M4D
V—LiE, BBICETHINS LIFEZITL I EDRS, —FEL—lky FEHRERT LI L
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#£59 7I7AYNT—F¥DOFENC X BT

ASN  # of links # of Reverse DNS P31 X 2 HbBEEEH O HEM]

701 926 831 AJHE
7018 860 407 ANHHE
1239 706 657 H]HE
174 692 392 ANH[HE
3356 648 294 — ] e

TRMEAHWEETH 2 LEZA6NS, SHROFBIELE LTHR MDDV — )Lty F OEH
LEMEBIRoTWL, £, O AS TIE, AR NIC X 2 IR HEHR T EE
Ths, ASHEHRDIP 7 FLADRTICLK L7 7 A% ) v I oAk, Hilik
7RI TFREBRELEZ 65D, IPaliasresolution i 1 >Th s APAR
X, D traceroute [EME IP 7 FLADY 72y b2 EEL, /7 7f@IT52L
TI—FDalias IP 7 FLAZHL T 3 FETH 5. BHEDOARTFIETIE, AS [HEH
DAt D traceroute [EMZFMH L Twiw, 22T, SH%OHEE LT, AS MR
D traceroute [HM2HBET LI LT, V72 7IMICX 57 7 A5V v 7§ 5Fikziat
5,

543 F&&

AEiClx, KEEZED AS P AU Y ZMGEEL 72, K& AS 1HEH U 2T FIEOBGET
1, FFE AS O AS FEHRDFEEL ZWIETOKRENTF R e PICHFEEL TS 2 LD
SEPICo 7z, Bl EREFEMAMEEE R T, HiRE Nk b A e PEROMEETIE,
Undns ® AS FA D)LV — )Lty F2EFHTHILT, 77 A% v HEER AS [H
EREREZUETE L I EPHO IR, F, BEOAREFEDOATIE, 77X
FTERVASBHFET B I EBHS Ik, 5D AS B#EkticowTix, 5%
I Paliasresolution Bffiz)IGH L7 b R a P 2 FEZ2E L Tw <,



Bo6E

%nﬂﬁ

RFETIE, KGO & ARV 2 5ROBEICOVTE LD S,

6.1 ZAWXDIELH

KX TlE, GFTA v —%v bRERDOAEZNRICHENINTE AS FFRaPicB
LT, ML v AS R e P OHEHIT 2 Fik 2L L, EEEOD traceroute k% H
TARPEZSED AS FRuP ol zEB o7, KLV bR olEiick), kX
B ED PR RFANHE ) FRUL L ZNFNDOKBET L DT AS OB DOHE R
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Algorithm 1 Stitchroute algorithm

1: procedure StitchRoute(.S, D)

2: 17— 1

3 loop

4: F — IdSearch(i, S)

5: if N D then

6: response

7: else if |F'N B| > 0 then
8: response

9: end if

10: 1 —1+1

11: end loop

12: end procedure

13: procedure IDSearch(l, P)

14: n «— |P|

15: m «— P

16: L0

17: if n =1 then

18: L — LU{P}

19: else

20: for all ¢ € Adjacent(m) do
21: if cN P = then
22: P — PU{c}
23: IdSearch(l, P)
24: P—P—{P}
25: end if

26: end for

27: end if

28: end procedure

> source, destination

> Output

> No output

> limit, Path
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L7 TopHat 702 =27 2L, KT NV—7D X NTdH % Thomas Bourgeau &
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