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Abstract: A detailed understanding of the structural properties of Internet topology will benefit the further design
and development of the Internet. It seems infeasible to study the whole Internet at router level due to its extremely
large size and the difficulty in obtaining a whole topology at this level. Studying each national or continental
Internet service provider (ISP) topology individually becomes an alternative method for this goal. In this paper, the
measured China Education and Research Network topology, a nationwide ISP topology, is basically taken as an
example. The results of mapping the topology from multiple vantage points are briefly presented. The properties of
the degree distribution, large eigenvalues, and the spectral density of the measured topology graphs are analyzed.
The characteristics of the signless Laplacian spectra (SLS), the normalized Laplacian spectra (NLS), and the
clustering coefficients of the measured graphs are also presented. The results suggest that some power laws indeed
hold in some large-scale ISP topologies; in contrast to the case of autonomous system level topologies, the power
law fit is not the best choice for some ISP topologies in terms of the complementary cumulative distribution
function of the degree; some real ISP topologies are a kind of scale-free graphs which are not consistent with the
Barabasi-Albert (BA) growth model; router level topologies are distinguishable in terms of the SLS or the NLS;
router level Internet topology may have developed over time following a different set of growth processes from
those of the BA model.

Key words:  Internet topology measurement; scale-free network; topology characteristic; power law; spectrum;

Laplacian eigenvalue; clustering coefficient
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£ KA ISP M4464l % BN B A IEHT 5 ) 847

7 9% B AR Internet 6417 d 64 B X, B A7 ik AT R A & B 4K Internet 3640 B 3b, 5 3 BF R A B R A
X% B B 4 P IR 44k & 7 (Internet service provider, 8 #k ISP) W 43z 4145 M &k 4 T #% Internet 36 M4 AR 69 —FP ¥
B R AT BRE AN A, EHET 2 LM LR B BIEI SN EER ST Z L4 E 6
B AAE . BK A AR GG K MR A B A A A AT T R 5 ) 36 A B 6 A T A A 7
(SLS). MAA 3 -E 42 T (NLS)A R BE & 2 S F B Z 4 04745 R A9, KA ISP da 4144 52 B I o RARAFAE;
KRBT B 06 RABARA G 5T ISP 464164 1 S B AN B RO K30, FAED A R b 40643 4T ISP 4541 2 —FF
A A B A2 R 454 Barabasi-Albert(BA) 4 K AZ A ;SLS A= NLS B4 K 4 R F 4 5 t % 45 4125 # 49 48
7 ;Internet 34 35 K464 09 K BT e B —F AR T BA AR g9 4 Kiddz,

X$iR:  Internet 363NN F; ATE M - 363 MF AL, AT 1 35 35 A AEME BE R A B

HEESES: TP393 SCERFRIRED: A

Internet 7E#E4y . &0 BHIFSE & AU P AT H 28 34084 AR . A, T 6 —#F Internet 5 AMTT
filts SREUE R MEERIEZ — 2T KA Internet M55 KA T BRI IR T fi# Internet #i b 19 4544
PERA B T UER Sl AT S 4 M ¥ o0 % 8 Internet! AR 11, i T+ Internet FUAR E K, [A) IN) 7 3R 15 56 2 1)
HH#8 2 Internet #4105 [HIA7- 7076 BRI TR HE, H TSR G 5T 56 46 (1) 5 11 28 24 Internet #1 $h 2 AT L. R, 53531
A [E K 84 % [E ISP(Internet service provider) ™ 2% 1 3 45 #4 wlt 4 T fi# Internet #1 ¥MRFAE A — Fh el 3% J7
5 0 (A S P A —RE AN B R ISP #6402 2 A Internet #1401 — 38 20, e AT 82 & (L4 Internet A8 3 s 75
W)ELR T Internet HY 450,

ASCULES A8 2% Internet 36 4h 22 20 i 2 B2 Bl ok b [ #0E FURHIFEE 5201 M (China Education and
Research Network, fij #x CERNET) AT Il i, 2L Hh , CERNET J& [ 52 4% (19 K 74 ISP A7 450 J5 AN TP Mk, 109 26 74 o
AEKS T AE Internet 3% I8 7 1 R 45 A SR A S I B B ARER RSB 4 BT DA F AT TR,
IS R AR B ] 18 B PR 5 45 SR ) CERNET 3 I o 59481 1047 45 g 40 AT, [0 F 41 43 7 A 22 A T 551 B 00 5% 38 11
b7 18 5 G I 1] (union) 2 18] 45 K REAE 1R A8 40 AR Y. (%) 7 325 T LS. T 23 A H Al 14 [ 8 20 TSP 0 )k ST 431)

AICE 1WA ETE 5058 2 TR EIA 2 2SI CERNET 4 b 5248 10 &8 45 L. 28 3 1 0 M iz se il 4
F T RURE ) A0 AT REAE. 28 4 795 23 i S A0 9 b I IR ol 85 BE L RS AC R R Tl . AT S b 0 % A A [ R
TEAEE A B AR AE. 58 5 15 20 BT BESE R 3 (clustering coefficient)Z5 I Ath & RFAE . B 5 o 45 4= 3C.

=
1 BENA

1999 4 LAFT, AATFEZR A Erdds-Rényi(ER)FEAL I B8 He ALK v R K HUASE 190 48 0 b 1 ST g A7
3471999 4E Faloutsos 45 A E VK FH e (power-law) K Z1 I [ V4 2R G 20 A0 %6 th #% 2% Internet ¥ b &5 HSAE,
IR T degree-rank Tfft. frequency-degree T fft LA & eigenvalue-rank T IX — R IR T AAMTIKIHL K
VR TV 2 it 5t TAE AR B 5r 46 PR 10 20 ) R 50 1 B 50 B R WM AT IR BUE, B 1997 4
LK 2 ) BGP % 1 2 B30 6 T 57N 53 JT 7. Oregon 2K 2% ) Route-view X1 5t /& #5451 1 AH S BfF 5% 32 B2
A SCHR[10-14755 . 3 b SCHR[1415R F AT SCHRR[41/ 7775, 60 1997 4F 11 22 2002 4F 2 ARIEIL 1 253 M A
RALRHINEBAT T 07,38 PIAE T degree-rank % f# UL X eigenvalue-rank & ff (1 A7 A PE . L SCRR[4]% 2
T AR S ET 20 AMRFAEEL, SCHR[ 14175 52 T 46 40 SE1 T 100 /NMRFAEAE. 53 40, B T frequency-degree i AH 24
T BRI fy (¥ A8 2% % [ B 4 (probability density function, f&iFR PDF), il S8 43417 Hb Mk 26 25 1 10 Ge v 5
P54 R, SRR [1417%5 52 T 3% £ 104 28541 B8 4 (complementary cumulative distribution function, fij #5
CCDF)D, 5% d XA, EM D; 5 d MEAARFHRKR Djcdo(“ac” KIRIELL T, © b JE e H(degree
exponent). R 1% ¥ 4 CCDF(d)-degree A, I FH BE 8 £ © AU tH B2 e £ 0 R Z0 i #4118 ) BE 43 AR REAE. B T Z)
] 5 R ARG IE 2 A0 75 5 5% 90 248 (0 A K ek B O T, AATTHSEEAT T — 52 M FT e R 10815170,

H A, N Ah 5T B 5K a1 ISP #1 b 45 MARHIE IR AE 5 IR AN 22 L, — 77 TH JR (R 7E T 22 )R 2 ISP 46 40 3 d
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EL A2 IR i 53— 5 T DL IR 8 R B 0 AT BRI AN BB T SCHIR[413H8 T Pansiot-Grad 3 458 ) SRR A0
L4, Broido 45 AL T skitter (1404 43 BT T 4 11 #8545 11 (TP Hbotik ) 3 4 Bl 1 23 AR E, R I A1 7R (Weibull)
I3 AT X A RE B R BB A UL A R S 4 Spring 25 AP SL BRI B A 10 AN FI K TSP 30 40 BT A5 b 2
TR A H045 R I, 0] 47 26 ISP K 13, Weibull 2341 04515 47, 20 BUR (87 46 1K % 250 1E &5 (lognormal) 73 A1 #0513 4, K %
BUE W T FE (Pareto) 73 A1 ¥ & 154 AH FT W3 b 23 A1 J2 6 CCDF 43 Bl #0451 Pareto 43 A H 2 Xt H R 3 L 4.
B 0 TG 925 5 7 R ol 23 A B3 045 2% 8 Magoni 25 A RIS 3 AR R HRE (1 3% £ 2% 42090 40 SEBI B0 AE T degree-rank
TR frequency-degree T JiOBT I T TSR W, BUAR Y A5 RE AX A RERE X 4> ER BHHLIE (F5 500040 5 Hobs FE 18 (O
BT, A A AHIA degree-rank EFE A0 1 JC R & B T UG 58 45 AN [R] (1) 45 440 R b A AR SE 0T R B IR s 1l 2 A
S 2 TG 55 P 1) 5 A0 R AR AN T 2 5 LA S8 = 5 R

W IR TE K 24T 2000 45 JE T8 T 10 [ 151 52 24 ISP 4 30305 (R AF 5T 46 B0 o5 0000 [ 58 2 ISP 4 s g2
A b T 2 sl & B 5K 44 ISP 0 4h 140 A 244 & 4544 DRIMA (distributed router-level Internet mapping
architecture), %} CERNET #i $M AT T 22 504 S g 123 AR SCE 3t B3k — 20 X 2 0 o 2 491 100 A 74 HE 20 A7

TEOAT BRB. ¥ M TR AE S 5000 9% 2 7 1T Mitzenmacher™ W 98 T Tt 5 S H0E 250 A0 (A RS R B — %
AP T R, 00 B 0E 2 20 A 1T LA ) T 0 A B Ak .Chou™ #R 21) T 05 8 @ 5B o Z M HLigE
F:® ~1/(0+1) .Siganos %5 AN — U HiR T H LM ® - HERE o DAERE o ZMKEEXR:
D~0+1,R ~1/® Mihail 25 NP K I, 7E 5 R FLAT T o A 10 P o A0 AR A S 4T R 8 B 1 1 PP e
KRR AEAS 55 55K 1 B 2 AFAE LD OR 2R d, =~ A, 2. Dam 25 NPV LLBEHIF 98 R W], JE 4 5 B J 307 48 (X 20 A
[i) P A [ A ) T L A e e 2k R A S P 3 B R . PR AR R . I BRER . SRR A5 P 3y
B K B RAT8. 5 4h, Watts 28 NP5 HI B4 R 5 (clustering coefficient) )8 & 3K R AL & =5 (R BEEE I L.

A DA, 0 Internet 14 S0 (145 AE 23 A B3 50320 WIS 300 5 DRk 8006 SEZ s 46 30 2 S 481 ) 43 #, A
HRe N2 A FTIERACKT Internet 6 4 2544 I DL T

2 ZRilEHEERREH

FIFH 22 000 5 1 5 2 ISP #4h (¥) 00 A7 2 AA R 458 DRIMAPSLIRATT T 2003 4F 4 H MM HR)IRIG JR 35
S 3 AR YR 25 CERNET #4085/ EAT 17 I 22t 300 e 0] 00 22 25090 1y 288 B Ak B, A4 e, 5 2 4 20 R b T 20
T )3 B85 A P, 55 [/ 3] CERNET W A HhoCo B A A1 1 99 4 0 s B8 3 A P POIEAT T 6F B, o BI85 £ 37 1 1)
FEA T SR P45 (R 40 40 2 A B 1 B, AR AR R — NI YR s H R RIVR )1 S B RS R
BRI IX T RE R T % S BE G, B 2 1 T CERNET S8 AEAR )1 T P P % 1 38 24 B A0 Y 1 i eh e
T R R T O 1) S B R S R B AR R 1 SE BA T P 2l BRI R LT R A 5 5 v B 2 (W T A7 AE
P 4 AT BE B, AT B T AR 1 1 i A B

BERET M AR NIFNG /R 3 AN RSB T —AN = AT, 5 3 NANFE 7 m g ATl 5, e A T
et KA — NEUT 1Y) CERNET T AR AR AN I S o5 1 2 H AR #5217 824 A 1P ik, 73 B BEALIE I F R
— ANk B A 2R iz il B g 2 ey kA 2R K R O 24 Rl B B B R T 24 I CERNET JiT 45 B2 BT A9 it
I £ (stub network ). i i 0 45 5 (1490 5253 [ FH i 19X 4 4 78 5 ORI I A 3k B0 214 B B AR 00 v T A
FER PR R ZE BT Bk 3 AN A5 005 B 1 % o A A T T R O B A B O A A ) R A
FEEHH AL . FATT Hi41E(10.0.0.0/8,172.16.0.0/12,192.168.0.0/16) LA K2 =ML Huhk VR0 $ (6035 R i P2 L3 170 L3t
it b AN SCHE— 05 b 3R DU S48 B P R BEAT 20
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Table 1 The summary information of the router level topology graphs
derived from the DRIMA dataset
1 DRIMA Hdla 52 (1 th s 0 4h FIRE 245 6

Probing source # of nodes (N) # of edges (£) Avg-deg (2E/N)
Union 2 624 3010 2.29
Guangzhou 2 066 2233 2.16
Yinchuan 2051 2204 2.15
Harbin 1788 1917 2.14

3 TRESMEFE

ARATEAT BN HT 2 AR B B th 2520 CERNET 34 $M I & S 51AT 5% (1 BE 43 A RFAE. & AT TBE S e T 1%
S F b ) 25 A REAE B T TR SR A2 CERNET 1 $h A4 AiE B ] [E) HE RS R 0] LE 4347
3.1 degree-rank4> % 451E

B3 AN ST E B B4 4 T B AR A T I degree-rank 230 LA BRI A S DLW B 1 TR

AN AR BRI X AR b AN B TR n] DU L U JL B 47 R IR A 2 TR A AR A T O R B ) (i
ACC(absolute value of the correlation coefficient)#§7E 0.965 LA L.

100

100 Observed

— exp(4.5886)*x *¥(-0.61799)
ACC=09675

Observed
— exp(4.9334)%x *¥(.0.64217)
ACC=096983

1 10 100 1000 1 10 100 1000

o Observed
—— exp(4.5708)*x **(-0.6168)

rved
—— exp(4.4616)*x **(-0.61094)
ACC=0.96736 533

ACC=0.96!

“Yinchuan

1 10 100 1000 1 10 100 1000
rank rank

Fig.1 The degree-rank power law fitness of the measured topology graphs (in log-log plot)
K1 D4 degree-rank FEAERLA G B H)

Ty AN RATTIL S 3, I B A 18T s AN B TAR AT — N B v 978 AN B RT3 AN & i B ey R
INTFF I8 I 4 AN BT B AT 80.9%~81.6% 2 18], 1M 45 I [ Fh AH R IR EL 30 78.3%. 15t B 5 I I 17 34
FER BT S5% 1 R—5

oY E 43 AT v R (highly skewed) Bl G R U0 MBR G P BESET 1 I s R L SCHE I 14, 5 21 & 6, 0]
G'JE G WTE.EFHE GPRANT S EEWIR GATYAR B 2 A v FE Ll (0, 0 AT 4k 2 T R e AT U5, 15
FIAH R 0 S AR EC XA SRR DO T BRI B A RAS 1 EWARMNRILETE G5 G R/ANEHEH
degree-rank T AL IR 0 T, S0 SR g5 /N BEE 55 0k /N BEE Y AN B2 B HEOR (U0 ), ) 45 20 i 5 11 268 %0t 25 385 K
(), B S FR R /N CR). L3R 3 AN B IR B /N B2 -5 /N FE 1 1A B0 LU AR 28 /8 1 3 B mpon) 1 1) LA, & 5
B2 4550 R M N B T 22 /0 4%, B0 ® S T 40 41 BT 250 5 43 A (1) A2 4k
3.2 degreeRI K % & 9 f4F1E

E T A0 RS B BR 1 R B (0 R 26 25 32 93 A1 L5 A IR AR o3 AT 2 b T PR 10 R BRI R ATTAN 25 800 i 5
(1) frequency-degree 73 A7, Ml 42 7% 42 M2 JE 40 A1, B 1002 20 T WG R TR N 3 %85 15 S0 A5 G R R A1

P18 H foe /s R R B, 43 5 SR F R A (power law) 43 AT« 1T B (Pareto) 73 4ii « %4 IFE &5 (lognormal) 73 A7
S A SR (Weibull) A1, 70 0 BAA bR HEAT $06 AR 5k 22 ~1 5 R0 W 40045 2 2 F0 00 2R B 22 1 O R /s B0l 45 72
JEE SR A X 4 Fofr o3 AT P M 230 %85 55 B JLAR SRR 43 A0 i B WL 26 2. 3L b @@ bRt I 25 23 A 1Y) B AR 43 AT iR KL
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Table 2 Four probability density functions and their complementary

cumulative distribution functions

T2 4 PR L eR B L SR A pR KL

Complementary cumulative

Function name Probability density function (PDF) distribution function (CCDF)
Power law f(x)=Cx* (C>0,a<-1) F'(x)=— C+ . X
a
Pareto (f=1) f(x) = ax™ " (a>0) F'(x)=x"*
. 1 Inx — z)° Inx —
Lognormal (2-parameter) f(x)= expq— ( 2#) F'(x)= QD[— ’uj

V2no?x? 20 o

Weibull (2-parameter) f(x)= (c/b)(x/b)“" PRt Fl(x) = oI

A A I S )T R R AR R IX 4 R AR R R N 2 U 1 0 B AT A8 G o H R T AR (shape)
SN 2 PFr7s AN AARR N A 0T BB BRI 2231 T F1 ) KN R TR 40h G R s U7, Weibull 43 A7 4L K
Rig 22 A I IR ATTE 20 A0 N ACC #BFE 0.954 DL_E BRI 6 1% SE 451 4 5 € DK 3 frequency-degree {3 il 37

XY Pareto 43 A7 S BR b — Tl 5% o T P A 1) AR 20 A1, 70 X BIOAR AR 2R T A 40 A1 (1) 1 e A% AN B FR
FEAR (shape) Fl 5 J¥ (scale) PN A~ B 8, i Pareto 73 1 L2k R 5 FEE #48 th FER S 2k s IR 0 e 20 A1 Bl
Pareto 7} i fh & 143 S 4.

01 . union 01 s Guangzhou

x]

Pldegree

Yinchuan [IX] B Harbin 01 Yinchuan 01

\K\ i \\ - Harbin

x]

Pldegree

—=— Observed
0001} — Power law: @ = -1574
— -~ Pareto: apha = 15744

—e— Observed
0001} —-- Pareto  alpha = 141
I

—&— Observed
5 0001} — -~ Pareto - alpha = 15610
— Powerlaw 0= 21500 YL —— Powerlaw- 0 = 23040

Fig.2 The PDF of the measured topology graphs and Fig.3 The CCDF of the measured topology graphs
each of the four PDFs fitness (in log-log plot) and each of the four CCDFs fitness (in log-log plot)
B 2 IR A B 7 BB B A A R AR I3 DR R Y B R AR A L 4 R A R
B KR0S 75 D0 O B AR ) A bR K5 AR D O AR B

3.3 CCDF(d)-degrees T 451E

53 MR FIX 4 Fft CCDF % F 3k ¥ M 5 S48 1) 775 54 % CCDF 75X B4 3 T 3047 8L & (AN 4 5. 47 il CCDF
B0 0 B 80, B0 45 5L DA AR N UL & e B TR S o 1 3 o Jl i L3k 22 - R AT B, 5 SCRR[ 14148 ],
X Weibull 73 A7 #8445 50 A 58 if Lognormal 43 AT #0045 250 AR A 22, 1 Power law 1 Pareto 4311 (1404 R AL i 723X
P BT HE 88 ISP $ #9715 2B CCDF 2k i, Weibull 4373 Fll Lognormal 4347 7T 88 b % 4t 40 A FUL 6 R SE 4T
X5 SCHR[19] 045 1 2481 Spring 25 N POV 5T th 26 W, %) ISP 4 4oK 3, 2L 45 U8 CCDF A — & 75 & et 40 A
34 I

INF A B SR 14 A B Sk 3, 0T 4 s 1R 00 91 R SR P i o4 4 7 5 PP N0 I s 328 BT VAT B T BRI U o
A BEAETE IRl AY 38 22, N T ORAIE T 00 2 45 SR A kW s - 45 & degree-rank 7 Al frequency-degree T
A4, U0 B Internet 46 b 45 F4 & B AS I ST 1R, KB AT BN B2, LA AR e 19 2 19719 AN SO0 2D A a2
A 1 ) P Internet $ 0 47T 250RE 29 A A v 5 1 #H 16 (highly  skewed). BRIt — 0 U SR, de/N A3y
J3E B AN B R %1 1 Internet #4140 (¥ 45 MO REAE, AR 48 20T 02— PR U (1 2 PR,
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T3 5 o T AT R I, KT ISP 4% &5 K #f S AL degree-rank A frequency-degree P i, A IR
£ 45 SIS AIE T SCHR[4] T R DG R AR H S A B2 FA 0 A0 CCDF #F Rk 8 1~18 3 R W, 7E x0T 4k
AR TR 2 AT #4T KJRE (long-tailed) [F)RE 5,10 CCDF 147 5 2 (heavy-tailed) [ 4 55 ML EIX 4 AN 45 (1715
¥ CCDF 1EXT AR AR T ) R IRATTE B, AT ER AT F b B i Ze M 28 A ka3 (F R 30 HR I A Ze M i 35 o v
N HABKRT 4 ALY S CCDF s AHOC R B RATR I, EATHAE 0.9662 LU F Fi bt o] LA K
CCDF(d)-degree TR AR, R ZEF 5 FISR A, BAR B A TIE A LB NEE 5 AN, (ARERL & 1k Z= T 5
FIJE Weibull 73 A0 F G (1 5% 22177 R 4~5 A% 72 AR X i i 00 1R it 81 T A2 et T 2008 s LU 30/ (A [ 1) B A AN
30 M) TR P & F A R S R ZE BE A R I ki

AN IR T BATIE B, 16 RG0S0 01T 5 B A BN A 5 T o AU T i o o A D Y R A
SRR AT AR A G TR A 23 AT 3K N S BB 1) A B B B PR G+ 5 B IR R R LR IR A [ Z R A
s RO S R N T

4 FFEES T

— AL E G ALV — A FRI B A SRR G I A R AT A ORI, U A,=A4,=1,45 )
A;7=0,4,;=0. /> ] (¥ 45 1E M agh 2 i 1L 408 482 R B PO AR G A A KB 10 SRR AT 50 R TR, I8 (W R I A 5 I IR 1 22 B A
P4V DT DI AR 9% DT 0k, 2% % ) PR R AL A1 4 A R E S T 1 8 T 0 4 P B R AT S L

AR B3R CERNET 1 41 0l 59 1) 86 3 3 AR AE AF 23 ) R T SR AR R AT 045 J R B A e AT R A 4%
AAH A AR A R 3L, 2 /D T 300 AMSFAEME R U7 5 Z M RF G A0 A AR ) ACC 22702k 0.9757 K- ik 4
HAF-0.3623 F1-0.3568 2 [0], AL FE AR AL 1.5%(FT 100 ANFACAE PG 17 G0 T U ). e A0 R AT T 5 52 T i
100 MR IFFIEAE A, 1 diy RILIG R d, = A7 SEA T RT3 T, K FEL A8 W K 2 ) P4 B A8 45 5 0.

AT BRATT FE LA B b3 K R 35 I = S 4 ¥ 4 B 1) 1 % (spectral density). TGS by % SLS
(signless Laplacian spectrum) LA & MU A B2 35 F7 41 1% NLS(normalized Laplacian spectrum)ff] 73 A RE1E.

4.1 EEE

FA503E, B G (R (spectrum) 5t 2 1% B 48 B4 B : -
AN U PR R B R A (s T w] T |
A 1, — B p) o F— AW R G p Tt L o
5 K TR (L1 98 21 A T oof o fﬁ - T
P =3 51 il 55$W@M#‘“f%%® |
U N—soolt, E T — N ELBREX AL A ]
T AR A A B2 P T 470+ 0 55 AN R A, 00 2 R I oil
R P PR AR AR F) 23 A A
CA TSR BLER FEHLE 1185 2% Bl sl T— Ak R R R R ':l/sqma.,,j) et —
P FLop 3L B 73 52 3R O3 A AT B 0 W, Fig.4 The spectral density of the measured
K i Barabasi-Albert(BA) K AL gt 1o 714 ol 11y TG A topology union graph
J (scale-free) P&l ) 135 8¢ B WAL ST — /N 6 R (1) 3 42 1R B, 4 A B A R

T BR B P 355 52 = A0 T, I 30 % 345 % 2 TR A A1 ) O, A5 BB T 5000 k), Internet $F b 45440 7] 8 A2 4 BA
I 7 A

R A I S £ I R R A A P 4 T . 3 RS L, B A AR 5 FE [Np (1—p) ]2 B 5 b, 3L
NP R AN BN SR

AL T AT 38,6 1 o RO A — A S AT T A TEA=O 105 00 5% 4 1 A 2 e 6300 255 43 52 9 3 BE UK,
1P 4 BN TR A ) 7o 3 £ 30 53 43004 2 B, A 3 4 RS A S R A0 A B0l ] 4 eP A b A RN
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NI 7 (O B A ) F R PR T A i —2.37, M 56 R B RHE h 0.937(HUR ANy 45).

IR AR S e S R 1) ISP 46 40 AN ER BEATLIE (19 AR RARHO A, 10 25 B o R 0 A 4 R
BT D), 17 2 — P C b P (15 A P S T A, (E AN 2 5 BA BRI (1) 0 b JEE P81 (s 5 o 3 2 — B 1 93
o B RAIEIR). 73 4h, M\ Pansiot-Grad U5 S 15 H 160 B¢ rh o 2040 0 T 1R 0 8 R o A 5 T 4 AU, 4R A=0 N5 A
[LROENS
X2 L Internet 65 HH 48 9030 0 S50 1R R R AT RE TG —PRAS [R] T SCHR[8]H BT i i& 1) BA #5f) A4: &
REFE AT FT S Chen 25 NIRRT AN ] ) 1 5 15 H R BLIK 4548

4.2 ST HETESLS)
—ANE G RTERF S B B TR |L g SO LI=DHA SR D OJRA G S A g G AR
KB TE A5 B By % (SLS) At A2 |L| M RFAE A 4 2 VAR S B8 B8 1) LU AR SR W E. DL A JCRAT AR . J(4
1 AR S P MEAL S (4 R BCIEE) P, SLS 2 X 43 AN ] 14 P (R T AR ) K& A Ay 1280 SR de e 1) 3 0 A sl S
W, SLS AT it 2 i P 10 b 4 0k .

10

Pansiot-Grad dataset Guangzhou

10' 10"
— /
/ - ¢
1w'[ Union (CNET,2003)dataset N\ 10" A
10? 10*
v

B

signless laplacian cigenvalue

A1 Wt LR B S 30 0 B K) SLS S AR A, Wi 181 5 s RRAEE e HER, A, 0P 5 i S G-1DAN-1)

HEAT RS AL, S NS P AR Y A B %
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Table 3 The clustering coefficient (C) and the third moment (M3) of the spectral density
of the measured topology graphs derived from the DRIMA dataset
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