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Abstract:
describing AS-level topology’ s hierarchy and AS relationships, and gived material modeling ways about network’ s hierarchical par-

Based on the in-depth analysis of the massive real AS-level topology data, we abstracted the multi characteristics

tition and business relationships between ASs. Then, we proposed a novel algorithm for generating synthetic graphs annotated with
AS relationships named ASRTM based on the k-core decomposition. Finally, the numerical simulations and analysis results com-
pared with the real AS-level topology data show that most of macroscopic statistics closed to real networks’ , including power-law
degree distribution and AS relationships properties. Otherwise , ASRTM, as a conferring algorithm about AS relationships, can give a
graph annotated with AS relationships for given undirected topology graph.
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m R BUAE A 5 HCME, DR 5 B0 J2 Ol S B T
B, m BB 51 mUH R 1 )2 OR 6 HOo 7B (8. 4R
FEA RN Z U R B m (70 A LA, X 4% S0 408
A2 R BE ST HEAT 34T, L) 20100120 HdiE Ay ], 2
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6 J=H 97.84% M1 s BEMHA 1, A2 W& A
KT 175 BEHTIAE 6 )2 H9715 5 0 AR AR
A AN R 4225, oAt )2 ()5 B0 2 R0 % 2% S0 5 3
B2 S EE S A5 3 AT I R B 15 B m A
FERY = (3) Fr . 4 U AL B, Be A O 45 2 19 s 2
R T R

p(m)=m~ 7 x10%

C2: 7=1.9 a=1.0 m=10~232

C3: v=2.3 a=0.9 m=4~35

C4: y=3.5 a=1.3 m=3~11

C5: y=4.3 a=1.0 m=2~6

Co6: rv=55 a=0 m=1~3 (3)

4.2.3 FREZEME
RZHFMEALER LG 56 1% 42 B8 o FEal, A [W] 1
SRR B AR S % R R A X ASRTM 8k ]
PeFe i )7 e B HAR T i, B A R =X (4).
PIME R IL e et 2 LAy sl BE (R A o 4, = (4)
W AT AN [] 4 SRR IBOCR 9 s B 5 5 R R Ik
JEEERR m (e 2) 2 22 IR H Dy, M4 b 24,
B NETT UG BB 2 A R, (145 — M m B o
FHELUR AR OB L bR 45 B AL m {5 PR AT
PO . MR B RN 0, B 2 25 + L fE Rt
ko— E +1 1+5]g(k'—m+l)
P(i) = Z(:L(kj -m +)i)l+8lg(kjm+l>’

5€[0,1],6=0.35

(4)
5 HENEENTE
P 10 2 2 A A T 45 10 B 2 VR H A

10%

W REAT AS T R I T MR R R AR R
13BN P48 0 M BT A [], A SOR R 22 IS 36 B 1
BT R GE T ASRTM #5284 MY 225 FRAE | 2 O AP
AS SERFRIE SO T i FLAE R4 T o 3T S 5 E
S 45 BB 20000
5.1 EERNERHE

% 4 R[]I B H LS AS G BRI 0 22 R AE , 24K
S EE RSP 2, AT Y ASRTM 58 AU 7R - 2715 1
BE < k> FYEREIEE < d> SEHER RN T
[FIBC 2 2 ro 1% e BE B ST A5 [ 1Y Rich-club 5 %X
o(1% ) JE 1.2.3 79 s ZE R 28 b B o 19 L ) D 1T -5
FLSEHY AS Ah NI A R R4

&1 3 45 i ASRTM A5 R 1) 45 8 B2 43 A Fl AR 2 FH
A AT Y ASRTM BEARY (1445 n50 B 40 A1 S A, HUR 4
BT A bt 9 2 IS 1) 5 4 T 2 Ak, S5 Bore 2.3 B,
ARG 4 2 1 1 AS AR AR . 7240 1] ASRTM
BT R AR Py T A 28 Y 3R BE, DA 55— T i 1Y
R 505 E AR ME — PeE P 28 0 F M R R T i B
BRER JZRPEA 520 5 2% 1) e AR Pk

£ 4 ASRTM #EEIFN Intemet AS HRFMNEEAERT LE

<k> <d> C r
Real AS 4.355 3.775 0.257 -0.202
ASRTM 4.746 3.05 0.273 -0.271
go(l%) Perj,_5 }Eel;zz)z Pery. _
Real AS 0.236 10.24 41.95 33.36
ASRTM 0.326 9.740 39.908 34.569

5.2 RERRREHE
ASRTM BRI h B I AZ L 2 08 22 ~ 27, ST )

100

10°
1% o ¢ generated Customer-degree
s oy = o generated Provider-degree
102} ¢, %s | ogenerated Peer-degee
o = 102 L generated Sibling-degree
= 104 = . ﬁ‘
< w0 g,
104 | oo oo oo
- + OD SN QEEOENEOX: (00 O @ O
105 — 1041
10° 100 - 10 : A
100 101 102 107 104 10° 10 102 100 100 10' 102 107
W Rk Lk ek
(@) VRIS (a) BB A (a) bR IR HE S A
100 100 10°
= o generated Customer-degree
10} = | 1074 2,% o generated Provider-degree
s 51 i o generated Peer-degee
E ﬁ , E 102} . Y + generated Sibling-degree
10° 10 3] " ®
8 e ﬁ ¥ g O3 T B \
| B 00| o w T m e
105} & ' " éfih 104
“
108 . - 104 ' e 104 . , .
100 10! 102 10° 104 10° 10! 102 100 104 100 10° 102 10° 104
W AUk Repatiis W LBk
(b) W piab BB A0 (b) BHESH R (b) ek ic &k REESHR

B3 ASRTMEERIF Y S EEAAi S5

A RBUBE 53 A AR BE A KA

B4 ASRTMERIMY nBMESAE

F5 ASRTMEERIMFFRICMES S
Fh RERE AR
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BORE AL R 56, L ELSEI AS Zh F R AZ 5 (28 )
i H

P14 25 HASETR ) A A% B0 - B 3 A AR B2 A3 A 1AL
AT, ASRTM A5 52 AR T 552 0 2% 11 1 A B0 -
A3 A AT 7 B R BE A S PE HLARRR REUE - 0.7 224
5.3 AP AS X R4

il ASRTM 5750 4y () AR 5l 56 28 L)« Per
2p = 44.423% , Per_ p2c¢ = 44.423% , Per_ p2p =
10.911% , Per _ s2s = 0.243% . & 5 4 44 Anic 1Y
A3 A b BARE A3 A L AT, ASRTM AR 4556 & [
95 FLS 1 R A S B A8 24 5 O 55 4 b A 4L 1
FRICH A S b B AUE 7, W6 22 I R I FE T AS
R FR BRI T IR s, HAESE 1.2.3 12
YT p2p RRERE, TEH 4.5.6 2T 25 KHRE,
H 4 Fh AS SC R 10 B 40 A 540 BB KINTE S 5
B 5 LS I B IC I AR S b B A A —
B, UL BH S B0 1R 22 AN 52 M A R (1 T A M R R
5.4 AS X RHENAEFEINIE

ASRTM H5 7 1 J& F—Fh AS 3¢ R HEM 5 1k, HAR fA
RIS B ) B A A G LI G 1) 40 D B 2R AT AS
DR ZR AN 38 3o 55 R A 0 0 B PR R UE AS SRR
B (R A 55

AS I Z HEDN B HE B P B0 AIE , — by S a5
PRy —26 AS ZR 50 [H] 1) L5206 R, R A8 36 4 0 3500k 7
FHEUREAS 1 A W B 1, 12 53 W LG 560 A e 4 00 5 3%
P R LR 20000 A e T 8% 7 L O 4 08 199 JE B £
S R RS 30— B R A A R M 5 O — R i
SRR AR AS BRI HL B % BN TR BRI A
=T RALE R H LB T TOR [n) B2 R 50, AN
Al FFT A 46 e 0 v ) A 2R SR S —
B I BGE 73, WA S 5 AS 3¢ 58 B A0 KU 4 b 1k
B 20080910 I F 56 i, ¥ 4 4 W0 B 1k A9 oE B
20080910 %54 5 44 i 1) T 1] 8l A A28 29579 4~ AS
66969 7% TG 1] 101 , W4 A< SCHEI 33 0 F A $E I AS
KRB AR (JFE R AS X R4 17 B & AR). 1E
133938 S5 A7 [l , — R AR SE G 25 R ANZR S i .
M AN B L R VER BE AR 5 AR B4 LUK, I3k
TP 250, BuESs R W3R 5 UL LS4 .

%5 AT A 40K | ART W45 AS KRR IS
AR 145 AS CR LAY, HE2 B AR BEARHY c2p
M p2e FELAE Z 0 p2p H4E 57 2F BEE AS 2R
RAARG , 6 AS T M 6 25 4 0 74 1t J3E I =2 KR AEG, Bk M s
JZ AS T A e B 1 I v A R v T VIS JZ AS
TR R R A I R B 5 A 2 p2e 1 HE DR T SR
U510 p2p EREAESS 1 JZHICECRIE —2F, s2s HEHEAE

X — RS A A 3 Z A DRI, DEECR AU 10% . A
CAS e Z I E A S 2 SR AS G & R I A

A4
F5 20080910 HHEE AS X REMMIELERGIT (%)

N E 2p s2s p2p p2e
AR 29579 133938  44.596  0.317  10.491  44.59
ARl 29579 133938  43.849  0.248  12.053  43.849

%2 c2p s2s p2p p2c
Cl 79.238  16.667 - 47.536  87.899
(%) 90.221  18.639 - 25.000  94.681
JC c3 87.279  25.206 - 17.910  91.988
% C4 85.824  50.378  10.256 - 90.093
% cs 65.504  50.840  0.000 - 69.028
6 48.159  47.619  0.000 - 49.587
B 86.987 1.887  46.342  86.987

X ASRTM HE L 2 Jj SRt (14 73 Ar 2, MR AN (L
A TS b 240 T 0 45 14 AR s A e 22
HL 2 AS &R 5 I RLRAE S0 Bl LA B B =
B, 2 — PR I SR BRI AS G AR 75 UL L SO
R Y Bl A AR

6 HRIE

AS 8] Ml 5% 2R AT 2 I 4+ MRS S B 19
e R FNPR AR A SCHE T L5 AS G B IR 0 4 4 b 552 ) 4 4l
PEATIRUCHEYERD AS SE R RPEAT 4R T — R T A%
BOYIZI AS KRl ALK (ASRTM) . 45 FXS
F AT 4 R IR (IR P 5 S B 2%
AL SR F D=, T EL P B T LS EL IR AS [R] Rl
KAMHUAL . RN, A — b AS 5 R HEIN 3005 , RE AT
) AS FT ) SR AL AS 3 R AR RIRINAL P A
TRERL R L A AR R 2 R AT O L) AS
KA TNZR G FRAE T — Fh P 7E 09 A e, X 356 19 g
TN EIE SN HTRA — 7 I S X
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