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Abstract: Evaluating the importance of node is valuable for improving the network survivability. Due to the
complexity of inter-domain policy, the existing evaluating methods which are based on static topology can not
reflect the real importance of the autonomous systems (ASes) in routing. This paper is the first study to evaluate the
AS importance through the best paths between the ASes from the view of dynamic routing. The more the best paths
passing through an AS, the more important it is. An evaluation method based on preferred route is proposed, the
complexity of which is O(Ixnm) and the evaluated importance is more accurate. The time complexity is the same as
the best complexity of the evaluating methods based on static topology. To verify the validity, the preferred route
method is compared with two representative methods based on static topology under real routing data, which are
degree method and stress centrality method respectively. The result shows that the preferred route method can
discover the nodes of importance but small connections efficiently. Moreover, the evaluated importance is closer to
the real AS importance than the other two methods.
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MLLE F A TFHdkSK Gy AS T2 MR E 2389

Internet T 28 ik 23 30 A5 il T it 1) DG S0 A2 B0 v B P % P Bt (n B8k o . AR K ) X TR
o R DR DB I FH 77 A T K AT % W) SR (L] PRI AIE 5 4 T, AN ) b 45 4 1) I 288 5 AN [ 4 T o AT A TR PR e
SRR AEBEAILFT o, G AR B ) 465 LU B AL 10 45 EL A B a8 (8 2940 Ik AR AR S B MR 4T o, JE AR B M 4 50 AT R
JE55,29 5% B A Ul BT, I 44 5t KL A 9. Internet 1 TE b s 1 PPV 80 0 4% v A E e HAT KB R 1)
JEER AU EAR BT A AN I 4% P R R A A 3 A3 AR K ) 4 ) IE B AT IR A AR LA, LI
H AT S T BB RS SR AR PR T IR E R AR . AT AR O A R DB YT sS4, I g rhk A AR — 2
AT H B, DL B ED SCREST P 2% i 7 A L R I 1) e R e ) B B B O B T R
25 T BRI ) 258 g s sl 2 A 10 4% R 8 A 8 AR T S I G SR B s BT T AUER P 0T DU 3 v Y 4 1 ]
SEPEFO AR AE P DRI, o TR 50 R TR 8 DT R, A AR e G i 88 R B v P 4% 2 A M I AR 2 ) ) i

EV 1 1A X 48871 i T S VP 7 VR R T I S ¥ 0 1), Ay S R 5 1 R vk T S S
T PR R A 23 BT 90 2% b R A R R AR R (T R R e R B AR A ) 2 SR A I Y T ) 2 S
Gl ik 26 Jg P, DA XoF i b S BT A5 X % e A R PR LR X £ YT A5 R S I AT O R s S
TS g5 B I A 2 B VR FE T A5 0 T A T R 1 B, T S A 5 KT o % 34 3
0 T R B o e ST S I Ko W) % 3 T D B DA R K, U0 A A ok 0 N S 4 A o B H
VAR, O IS 7 H: A BE AT 2 R4l AS(autonomous system) 2% (1 AS =4 s A .32 432 4H B 1 0 4% ) o
TS BN AS 4 0 SRR TE e AR T AS Z IR R O HE AT AR S 80 AS 4%
3 S A P A S B AN T3 e K R 2 A TOV | N S 1 MR 3 3o B A O VA Y A A T 1)
HHFES O(nm).i% 77 vk HAR 5 1E T T Mk ¢ 3R 1A 58 (5 348 A S8 A A5 25 900 0 DA Dol 88 74 2 o 2 1 1 A J3 PR
(1) MERAH AN VEAR T AT AR T 0 e (R AR S, R T B SR S ) 48 Tk 1 149 5% W Border
Gateway Protocol(BGP) b3 ixf 72 3 (1 4 Hh S5 I, 1] 1 22 4% 4% 356 8% A v 30 86 e DAL R 450 AR T 110 S s T i 2 i
PEAS TR (1) S5 0 6 A0, A 2 T A 1 2 3 T 119, R 5 1 B el SRS T BB B BB AT T IE5(2) B ¥ ¥ AN BE e ik
HOAS 4% Y k2 TR S A A e 1 R LA AL AS 2% o 3 A AR Ak 5 i A AR AR AN — — X I L 4
AR A — 8 45 5 BUM N IR 5 23 3% i R AR A TR AR 4 AN AR I R 2o BGP VR LA IR P, @ Multi-Exit
Discriminator(MED), il B84 2L AS 2 [M] 8 (1) B 452 e 2L 784k B 78 th T3 2 1 A 1) B i) 2 230t ol 1, BGP
PRI AT B ST BT PR A R AR, AT B AS T 1) 1R R A AR Ak

TR] 1, AN F5 5 0 D D108 R P01 0 T S P S B ORI 7 SI2 o i P v (1 o SR 4 1 D 48 3 b IR AR 0 R0 5
Fe [ % th SR BGP W 135 B HH 1) B DIt % A% 02 By A% 7814 P, T 3K 416 5 A 20 2 Do 248 v =5 ) S o A P D 86 428, J
BT T S o £ T O e B oK I G AR R 5 P S RN PR B A R B K L B AR R R B R T
T % ER SRR T I 4% ) SE B AR, AR SCHR N T R T R i 1Y AS PSR U B VT AN U LSRG &Y
SR AR STV e R IR TR A ARAR L TS A RIS PR IR TS R P S SRR I M )

1 (o) RRdEAR

AS Zi (1) Internet ¥ Fh @ B LSE RARIE M G=(V,E,R),iC A5 &K H K (type of relationship, &K
ToR)BLIL b v {83 AS 7 45, E AR AS 5 i Z I — 46 82, R ARE N E BRI R A T I AR SC08 A 17
B2 R E IR AS i $b(directed type of relationship,fii#% DToR), M Tk veV 3| weV HIH [[iLid X
e(v—w), %I KT A Type(e)e T.4E DToR B, = Zj 42 LT Rk

(1) AS Z[aw k< & KA peer,customer I provider iX 3 Ff;

(2) mFHE AN,

(3) &/ ok (prefer-customer);

(4) P& i B = A U R TR 2R 2L

AS T[RRI R4 3 Fh2 BB Customer-Provider, Peer-Peer 1 Sibling-Sibling. 3L, Sibling-Sibling it i
[ LA 5 /D>, H. Sibling £0. 2 Peer (1) D68, & R 4% 7 K& H customer 32 41 7 4% ik 55, B8 Ik AT °Ks- Sibling 2¢ 3 24 1 Peer
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SR Kb BRI 9 2 W 24 1 % RE ) G A L Customer 55 Provider A1 Peer 55 Peer, ]I, SCHR[9-1113 H % 1& 73X
3 MR H B ()25 M. ZE DToR K, 45 Customer-to-Provider(C2P),Provider-to-Customer(P2C) il
Peer-to-Peer(P2P)ix 3 Ffoc 2, HF Mk ok RN T={C2P,P2P,P2C}. SCHR[11] Ui B T 5 B (2) WA Rtk 25 - A 5t o
W 2 Hh AS I 25 8K ) 19, A FE customer i 1 28 5k 1) 90 B R K, SR I I I 23 At 22 X 5 30 AS S BRI 225 I peer
F provider B % L 13 B, R BT customer BER% L2808 970 B B KL R I 78 SCRR[12] B 1% customer B 424
56T peer B 42 Fl provider B4, PRt AR ¥ (3) 42 A BN . AT 7E 2 45 A1 [R] % 424K 88 110 o R 50 W6 6 22 T 3B 9% (0 AR 5
I 52 customer>peer>provider. £ DToR P =, T & 2 1) 3 ok 320 A 2, SR T A 2 3%, 45 22 AR B2 10 B A 10 3 4
SR ACBAREEIL P=s—ovi—..oviot T AT T A sl R A2 T30 P AT T AUR I R 3 ) R R AR ] AR
S AT R 2 ssb el e  5 e) ) Se U0  44 P B oA VP A7k 00 st 09 B 1, AN XA 3 S AR (4) 22 A B ).

Sh 5 (8 ) FK IR S 45 LA E

ENX L W seV 5T 5 teV f71E— 46452 P HL P i 2 valley-free S P12 s JUIFK P 55 % IR A
et ARAE s 55t BT S RN B4R PP R AR I R e, IR Py e L SR [ 1

EX 2. WRT R seV 5T Al teV MR k=2 % dnc B A s B AP }i=1, .. ks AR i 1y SRms 15 40 b A8 fb ik
FREAL AT Pheste{P;}, %R ML EE 1% Pbest Xy &1L B,

EX 3. AT seV 5TA teV [ 1 1 th R Pi=s—vi—... Vit (s, FR A Py X I TH AT

7 DToR B, an i T s ] (s,t),seV,teV ELSEAH T (9 2 e i th h 2 T s veV (R TH ok 6 thid
Bpaths(v), 1L # rh 4 £ |Bpaths(v)[=k. 24 10 &L v R AL, 2 5 30X K 4% 1 8 8% S B m0 F, 75 2 e A6 I £ T s
AR AR % £ S5 040 4 720 0 T B 3 v 5 e SR K AROK, T S T R o R B el 1 T RO B 22 BGP P UK
A B B AR 22 e A SR S R A S A I 4% ) R O Y A A R SN T
I Ji T ) 45 (1R Al DR 2 P A v RO, T R v B 2 3T DA, DAl AS R 4% rp i sl SR SRR 0 O 7 M B A 1 A
U0 A5 1) 1 328 B T B

2 ETHIEKHMNAS HaEEMITMHAE

2.1 BEARE#E

7f DToR B o JEF 15 1% #% thVFAG AS 7 s ZE 224k, 1 508 77 2R e AN T ) (s,8),se V te VIR SR T 1) 1 0% %
H AR 5 BT S ve VTSR Se p ik B P 2800 v 11945 5 Bpaths(v)|; 5% Je AR 85 [Bpaths(v) IR K /N 8 v 11
HEEVEAMAW T2 AS AH R 50 IR b OC FR 1 20 o HER R R BEAS B ¥6 AR G an e B B 1 1B % th AR R
Pt E AR N BGP 7 v ] LTS 380 A\ — AN T00 st 1) 1Aty JIr 17 m0 gk 0 et 090 7 36 B8 by, 1902 o 1 T BRI RIASE 19 5K
PR A S FRPE, 13 2054 AS (1) BGP B 1 72 2 118 PRI 1) PRk, 15 422 0 i IR 4% w8 1) 0k % e R VT A
FAY AS [ ZEE TR K B AR SO R 45 e #a #h 125 18 V2 A8 I % oh SR SR AT 24 AS 2 [l
FH R R 8% £, IR PR SE R VP A, AS RO EE 21

TEPEAN [ 11 5 I B A VR g 0 3 1% PR, 25 060 S5 TS v B30 2 0 1% 1R 4% £ Bpaths (v) |77 AEAS TR 1) 45 SR LA ]
1 A0, ATOE A5 8 380 H A T st (30 5 o SR s B 42 G P 2 s T i 8 3] 4,2, 1 39 2 4% 0 Jo S MGG B 4%, T SR T 151 8 3k
P 8>T>402>1 YE N FITATH 55 1 1) 1 3%k % 1, )] |Bpaths(7)|=5,|Bpaths(6)|=2. 24 15 s 7 2R &k, 1 2%} (8,4),(8,5),
(8,2),(8,1),(8,7) 2 Iin) fity iy ik i by 5 2 T B B . W 2R 8 ik 85645214 B 1 1 1 1% #% 11, )] |Bpaths(7)[=2,
|Bpaths(6)|=5.24 T 5 6 2<%, TH 55 % (8,4),(8,3),(8,2),(8,1),(8,6) 2 I] [ ¥ ¥k % 1t 75 42 B 7 b 6. AR B B AN ) 1)
% 12 25 52| Bpaths(7)| 5 |Bpaths (6) | 111 2 /1N, {H JE 18 16 B 4 B 428 4 S 15 326 8% 1, T A0 6 ARNTO0 A0 7 2 2850 5 S T
AR T 3 B b PR TH RO AN A 5NN A FE SR U, T AT 6 RIS 7 I R — R, X S AR 2 A
A RIS B AR O 8 T R SE 4 R e X

EX 4. WHRT A veV RATH K AT U075 223 H7T 88 1 16 8% b, 0k BROH TS v IR 2,32 2k Cd(v).

FEX 5. 7 DToR Elrh T 4 seV B HANL TR 5 veV, vaes 1A B 5 0 i 20 20 1 1) R R g ot i 5 I 1 4%
A0 R Go. W A TH 0T (s,v), v eV, sv ] HAT — 4 05 Bl S GG 5 A, D) 30 26 33 420 T2 ol — R e T SRS R A A, 3 o T
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s FROW AR T A

M2 3, S T 1 55— N TS — 6 B, I EL TR0 (R B mT LA PP Al T 1) o S ) I 7
SFAZ R IR AN 5 S22 2% R T R A S Ao 326 49 1 28 6 o, PR e v SR TR v A E 5 v S 28 0 v 1) v e e e P S O 5
A BRI AL T RE G B D B A X Bk R e A DAy B e o SR T R A B, DA JSE VA T a5 1 T

_____ s poc <i> «>P2P
Fig.1 Directed graph with type of relationship Fig.2 Graph composed of shortest polity paths
with root of node 8
K1 Ak R &1 2 DLTGUR 8 D MR PR di et SHE s i 12 14

VBT v AL, B SR IR T R T AL seV T N s B Al AT T0 A weV,wes (137 4 5 i SR s 42,
T A A SR B AR P Gy SR VAL G FR T A v I BE Cdg(v); 36 K5 VI=n A Cd(v)H N3 2T s v
(ML Cd (v) = > Cd(v),s eV R, P RZ BV S T00 A 1y T B2, 5 0 et SR I

(1) WA T X 2 ] ) e S s B

(2)  THEEATARZE;

(3) HALTI AU E
2.2 HEWRTR S X Z (8] B B 42 SR RE R 12

7E DToR P, Mao 2% N I3 W (1) 759 Ml 56 2R, 352t — TRl 3 B T 7 5 o 57 W g 450 1) 5 9k, L 1) A 2% 0 H
O(n®),J:h1,n ki AS AN Qiu 25 A SVR AT K h 26 h C4N1K AS 22 FR B 48, 2D 4R i 1 I A0 10 b 1 vR: s 1,
{ELS [) S AR PR AT S O(n®). 76 4 i TLIDE W (025 () AS H it 3 J7 ARSI, 3 5 30k 1) 52 A kK i, R A T 40
FE S e R P 1 A [ i TR T SR A 5 (0 AS 1 4 5t 575 s I A T 6 00 g I 1) A2 2k B
O(nm), H: v ,n=|V|,m=(E|. thh T~ A% 3CHE U0 T PP AL 1 R0 T2 20, RS i PR o, L SR [14] Hh i) B0 7 R SR vk v
A RAR, 5 T SE I A SCH N EVEHEWT TG AS S22 1] () Sz S IS 5 440 e = LA 5k g AR [l ) o > i
53 [ B B S sk Y BT B R S R B L AT AR A R T AT AR AL A TR AS T
P 7 R B B S A A1 A — AN 3 VD 2 U AS A5 1 S T (RT3, i ade W e A v e B & 1A
PEAT R
23 ETEWITERSMZE

PRI 2.2 75 A (R B0, P HEWT A TS s HH R B LA TG 100 A we V waes (1] 5 4 SR B I 428 3K 6 B A2 1 B — 1
DATH A5 s A AT 1) e 0 SR s 2 12 ] G, LU 1 A 081 S5 4 7 A0V 4 38 LA T A0 8 A ARy gt ST ek B A2 11 G 1 2 s
ML 2 T, dan SR 5 A S T () TRt 2 2, LR T ) 75 S T B O B e R T O AN OBt T e 2
A0 T B AR /> (7 13X L P TR TR A — AN TSR AR 00 ). R 24 22 T 5 A ) 0 20 e, AR HR R 81 Al T R 1
B 28 e R B T BE R 22, e R USRI R R IR R T S 2 A B G P B R S AR Y B
H K H /NG B 5 0 I 1 20 T ) T e Rt e 28 17 B0 TO R A 80 B0, B I M T A N 45 3R ] G R T A s
B H A AF AT T — S d i B AR i 72 L R R AN T weV g SR AN SOt e E Gy IR
Cds(w). 21 5 AR seV BT A weV 174E k>1 4 5 SR 4%, M i AR T A s B, T8 w B B0 77 K 2Rtk
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T MM Bk 25 B0 1A T00ps X AN . R THI S8 118 2 G A2 3 0 SR I B A AR I (R0 55 000, 4% 5 T Adh B A 2475 0.
231 ISR EE BR AT T AL B I T

MR 152 (1), Joc i SR W 5 2 B Gg v A 400 P A T S50 TR) A7 A 1R 96 & T BB A C2P,P2P 8 P2C 4% IR SE 2.2 1 )7
VL T B T SRS B AR I, D B R R AR T T S A A 10 TOT s T BORT S 4k 0% R, I 5 T B I T SR R S
AR IO 5 43 ) 4% [ C2P,P2P 1 P2C JEAT 43 28 A Wb di Jd SR MG BR A% P1=vo—> ... >Vi—> ... >V, TR Vi A& Vieq AT IR Visg
AT v I JE 4k,0<<i<n.

o 5 Type(Vi—Vie)=C2P, 0] vi J& T Visq 1) C2P ZKHTIK, 1L K Bep(Vier), JEIT VieBep(Viet);

o Type(Vi—Via)=P2P, U vi J& T viey 1 P2P JEHTIK, iC N Bpp(Vier) BEIN VieBpp(Visr);

o 37 Type(Vi—Viu)=P2C, W] v; J& T Viuq [ P2C J5ATIK,C A Bpe(Vier) LT vieBpc (Vi)

[AI ] 52 ST vieq 1) C2P,P2P 1 P2C 2K J5 4%, 73 E 4 Acp(Vist), App(Vis1), Apc(Vist).

) G A S S WS B AR R BT A TR v R v 5 3L JE 4k 13 e(v—u),ue{Acp(V),App(V),Apc(V)HE 5k LA
1 R TG S 1 MR T A, S T A 2 BN, e(2—3),e(2—4)F1 e(2—5) IR 2R 2. R IRF, B AT 1 T A% (1, w),
we{3,4,5,6,7, 8} i B H B E Bk M AR VST v RS T TR R B 1 AR (0 TS AN B BT Cds(v),
BATR X B T0 0 o R S RIAT A 2K S T v RBUE v B E S TS vl %Ik 3 28,4500 A
OUTcp(v),0UTpp(V) I OUTpc(v). 11l 1 Hf g T0 s 3~T0 kil 5 /& T0 AR 2 19 i 4k, LTI At 2 21 30 5 4k 192 (1 i b 5%
FAr 02 Type(2—3)=C2P,Type(2—4)=P2P HI Type(2—5)=P2C. H Ik, T & 2 WG4k TR A ar &4k 3 2%
3e0UT¢p(2),4€0UTpp(2)Fl 5€OUTpc(2). 4 BEAN Tt 1) J5 4 T 5 432 22 J5 R FH 19 5 v AT b B30 — AN TS 2k
B0 e TR G B v A I TSR N D B LA 5 T R A B G BT AT TR A v, A s B v R BB (R A
PR LA h=Ds(v), KT 5 s FE R KT h 19T S 4598 0 H={w|Ds(w)>h}.

EIH 1. weH,yveV,

OUTep (V) = z (OUTp (W) + OUT,p (W) + OUT,c (W) +1), if (Type(v — w) =C2P),

veBep (W)

OUTpe (V)= . (OUTpe (W) +1), if (Type(v — w) = P2P),

VveBpp (W)

OUT,c (V)= Y. (OUTyc(wW)+1), if (Type(v — w) =P2C).

veBpc (W)
AR G s MR A, ve{Bcp(W),Bpp(W),Bpc(W) Y, 12 HE T BK 55 5 4k (1) 2 SN FEAEAS ML e(v—ow),
(AT w2 D0l 300 28 00 A v 2 SR 0 A v 2R, W) e (v—w) H R 238, T At (s, W) 40 20 6 39 30 3 v 32k %6 b, T o
v R S R TH A B B B LR T S ueH, H. Dy(u)>Dg(w), A s 21 u 1174 26 % AL 5 3 e(vow), U (s,u) 13 32 T
AUV RS 0 T HORT I B A i T — AN TSN U B — R i e s b, HL s B u ik B th A 5 A 1 3 e(vow),
M (s,u),ueH #fJ& T0 A w SR 5CRT 53 1) F T s %of . DT U, T00 A v 2K 2803 s W 140 T et Sk 25 L 5 44k T e S Wi 10 o
T A6 5 (s,W) 5. %% valley-free SRS (1) £ 3R, C2P 1411 J5 4k n LLJ&: C2P,P2P ik P2C i,1fj P2P 4 Fl P2C il
)5 4k A& P2C 1. R kY Type(v—w)=C2P I, T f v ZRA5CAT 5 M [ T0 s 6 AN 2056 T T w2 R i 19 i
TS AN 1524 Type(v—w)=P2P F1 Type(v—w)=P2C I, T5 £ v 5 2% B 5% Wi 1 T57 A 302 1 195 w e 3L
JIT P2C J& 4 1) 30 2% 354 HF 532 1 14 T2 psi o S 250hn 1. O
TE I R B A T e B 1 e s B 2 WL OUTep(WVITHE BEIH C2P 111 J5 4k 7T L2
C2P,P2P 5, P2C i/1;0UTpp(v) It 57358 B P2P 3221415 4k HL g Jt P2C 31;0UTpo(v) R 57358 B P2C 1 () /5 40k ML g
£ P2C i1.3% 5 valley-free s B 5E X sa W4
2.3.2  I5 SR B A5 ] R R R T A
QIR T 5 (s,w),weV 2 (A1 K 4% i K0 0 IS 4% 428, i R O s 4% 72 PR 5 i R R % B8 A28 080 14T e R IX ) A i o R
k=1,J5 % % k=1.00 R AE £ fE Mg B AR I G Wi W 2 2 1, AT ES S BT S AT (s W) S EE BN k. LIE 2
B, T 1 FF 4 R, AR 3 5 B L o 5588 A T 2K RIS AT 532 0 (0 TH a5 6F . 224 (=] 9 80 T e 3 RN TS, 4 i, e AT 52
g (19 TSR AN ECRR SR 2, H 3 20 (8,1),(8,2); 1A B Tl i 6 WS, e AT 52 Ml ¥ T i R AN 0K 6, (AR = B T A0 U 4
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AN, 735904 (8,1),(8,2),(8,3),(8,4). Kl ikt 7 HEAE [M]3f ok A4 v M]3k ol 7 42 52 ) T g A 4, 11 (8,1),(8,2). 1 - T k)
(s,w),weV A SR s, 35 BN B TR0 (s, w) S T B B T A w.

1) HeThric IR B TS

b 1 2 FT %, i AR T G TR w ) IR T AN B cp (W) [+Bpp (W) [+(Bpc (W) [> 1, W T 25 4 di J 5 s [t 44
(AR AZ T T0 s u, HAX SRR AR BRI AL u 5w AR BT H A TR T, DT A u sk 35 MM BR T A w i 45 3R
U A SR T T 1) 7 92 R A U 31 7 [ o 5 o s 52 B8 ) T

RN w0 R we BRSO A 8 L [Bep (W) +(Bpp(W) [+ [Bec(W)[>1, I AFAE TS v,ve{Bcp(W),
Bpp(W),Bpc(W)}, 24 W ¥ 12 e(v—w) [ E] v i),V it ST A w, 3R B B AT B4 4 T A7 R 0 AR i (1), A e ]
% [§ C2P,P2P 1 P2C ixX 3 s b 3¢ 28 44 JRU 7 b O 58 1A 4 AR RO RO 1) 58 S, 0 R v R i T g 43k 3 28,43 T3l
L Nep(V),Npp(V)FT Npc(v). 77 veBep(W), ) weNep(v); 77 veBpp(W), U weNpp(V); 45 VeBpc(W), I weNpc(v). AR
TAETI R ue{Bcp(v),Bpp(V),Bpc(V)}, 24T i v W& 14 e(u—v) I v K B 2 s AR R T SR 3B 25 100 . i 2
ueBep(v), 7L T AL 2e{Nep(V),Npp(V),Npc(V)}, H ze{Nep(u)}, 2 W] z A5 19 25 AH S5 % A2 [ W AH A2 T T3 u BB,
e ZEMIER 2 W RN KL RN v R IE SR Nep(v),Npp(V)AT Npc(v) 4 A% 25 T u, - Nep(u)=Nep(u)w
{Ncp(v),Npp(V),Npc(V)}, L7, T0 5 z Had s — k.

[F]#, 77 ueBpp(v),Npp(U)=Npp(U)UNpc(V); 77 UE€Bpc(V),Npc(U)=Npc(U)UNpc(V).

2) MERAE H 8 I TS0 A4

TH I WS PATT I, B 5 SR W AT PR A AR AR P, L 5 B 2,6 45 s e N ok e 550 38 I A B0 v i 2

I 2. 7EHRIE AR K G, — ATl e 2 L IX.

R E Gy PAEAE R HIE IR Pivio ... oVio ..oV 5 Powi—...oWi— ... »>W,—u, H P vi=w, s,
k<n, L5 vi=w,=z,Type(vi—Vi.1) e {P2P,P2C}, Type(wn—W.1)=C2P, Type(w,—u) e {C2P,P2P},0<i<k,0<h<n.#{ #iz I
(1), 1 T valley-free SEI& I 2 I, T AR s AN BBV AT KA Py BB T AL u, BT LIRS P B3k u. T0 AR z [R) It IRAE
B A2 Py AT Py 1 He SARTI AL s A AN [A) B9 #E 2 kn DR 0k, TH Az 7E 1] G W BB T BRIk th T C2P R &R A 4k
AT LAt C2P,P2P il P2C KR, N EAFAEH AR s W5 C2P LR BIATI S 2,z W LAY B 2 & BT A 28 AL 1) Ji5 4k 1A
I, — AN U0 T e R o B A I v B 22 R I IR O

R 5 B 2, 01 A7 A T 5 ve {Bep(W),Bpp(W),Bpc(W)}, i 15 v X w BE4THRiC Signy(w) A 3 R

o Style L:Tii s w 7 G, 155 1 IR IR, H. Type(v—w)e{P2C,P2P};

o Style 2:T0 5 w 7£ Gs *F 55 1 W HIN, H. Type(v—>w)=C2P;

e Style 3: Ti A w7t G, 155 2 Ik B R, H. Type(v—w)=C2P.

o2 w VR 22 4% B R B A [T AR AC T BN T i, U 7R w bR i IR Style 1 5 Style 1,Style 1 5 Style 2,
Style 2 5 Style 2 il Style 35 Style 31X 4 F X 175 15 44 M B w g T 42 220 A o B0 AR 162 T st w ¥ A 1) 320 e(v—w)
[ 20T A v, T w5 v AR T S A7 AR R T0 AL u,u B 355 B0 R IR B K TOT A v 2K 280 mT 5 T 114 T
AN HCRE BN b TR w 2R Z00RT 5 00 ) T s AN 500Rk 2 T At u S I %) TR ot 40 d e LA e i R 3R 0 R IR K
LT RONT (,U). 45 A 8 BE 1,00 B 4 o 55 28000 74D T s 0 A 50 0y B A4 ik

a) 24 Sign,(u)e{Style 1,Style 2},Sign,,(u)=Style 1,8%+# Sign,(u)=Style 1,Sign,,(u)=Style 2 I:

o IR veBep(W),0UTcp(V)=0UTcp(V)+OUTcp(W)+OUTpp(W)+OUTpc(W)+1-0OUTpc(U)xk-1;
o IR veBpp(W),0UTpp(V)=0OUTpp(V)+OUTpc(W)+1-OUTpc(u)xk-1;
o U1 veBpc(W),0UTpe(V)=0UTpe(V)+OUTpe(W)+1-OUTpc(U)xk—1.
b) 34 Sign,(u)=Style 2, Sign,,(u)=Style 2 k:

o IR veBep(w),

OUT cp(V)=0OUTcp(V)+OUT ep(W)+OUTpp(W)+OUTpe(W)+1—-(OUTep(U)+OUTpp(U)+OUTpc(U))xk—1
o IR veBpp(W),0UTpp(V)=0OUTpp(V)+OUTpc(W)+1—(OUTcp(u)+OUTpp(u)+OUTpc(u))xk—1;
o IR veBpc(W),0UTpc(V)=OUTpc(v)+OUTpe(W)+1-(OUTep(U)+OUTpp(U)+OUTpc(U))xk—1.
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c) 4 Sign,(u)=Style 3,Sign,,(u)=Style 3 I:
o IR veBep(w),
OUT cp(V)=0UTcp(V)+OUT ep(W)+OUTpp(W)+OUTpe(W)+1—(OUTcp(U)+OUTpp(U))xk—1
o WA veBpp(W),0UTpp(v)=0UTpp(V)+OUTpc(W)+1~(OUTcp(u)+OUTpp(u)) xk-1;
o 14 veBpc(W),0UTpe(v)=0UTpc(V)+OUTpc(W)+1—(OUTep(U)+OUTpp(U))xK—1.
3) AR iERIAL
P HIARAE 7V U0 AT e 1 5 52 53 00 A 000N, 75 SR b A SR A [T A o A 328, n P 3 9 235 0] T A 7] B
Hbrad I AL 3, v] fE Sy B B0 SO THRURT R M I BR A T B B I T RO AN AR I 3 rp TR 1 W T AL 3 T AT 4
A R T 1L A SRR IR R b VR T B T 7 B TS 7 RO S [ TR N B 4+3+1-(2+1)—

JRALCRT R (R TR SR AN B SR TR A 7 R VS R IR GO R T T A 2 B S BN AU AN B X T8I A 8
FITH AL 11 B AR B 45 B2, e % B 30T 52 M K T0 e AN 003 73 7 F0 8,5 Bl vh T AR AN

LR 2 B PRAIE AT AT 2 [P BT 7 (B 45 R AR TR B T T0 AL 2 FOT0 s 7 4 JLAth AR ) FA T 251, 3K
LR A AR ) BT A 3.0 I, 7 B T A we VTR BX 0 25 v e {Bep (W), Bpp (W), Bpc (W) F2EAT X 43 401 SR w iy B T 255 4
AN [{Bep(W),Bpp(W),Bpc (W) H=K, W TH £ v 7E A i w i 45 FE38 I0—ANAH S IO AR TR AT 1,0<i <<k, iZ AR TR At 78 [B]3)
AR AL 4 TS w5 v R FR T IC S A R TS o, R u 78 w5 v AP RRIE AR TR AR R, S 7 BN R

FEREDIRR VLR B LT, 75 08 U7 I 532 00 st 0f 352 S AN B 0 Ja 1T 4% A AR BE T A0 u A K AN T BT A58, 24 i T
oW A L e(v—w) B E] v, HUEE v 32T u IR RAR IR A EOR kw5 R Ky 08 k—k,—k,+1>0,3%
HIZETRA w5 v 25 B E ST u AR IREF AR AS TR AR TRRT, JEAN B0 Ky A X SER R AR PRRT A 25 TH AT v, 3
B IE ky=ky+ke, 3% D ER 2) b 7 v M BR 55 S0 TO A AN G S k—ky—ky+ 10,2 BB BR T 100 4 u A 52 i T
AN E KKy Y0 AR T A5 U AT 5 AR TR X AN O % A S — W R e B 2 R T Kk —K—1 IR, 75 B AR T
AV BRI T A u BT A TSRS B LA KKy —k—1, S IE k=K K5 1% 108 1E (A0 T v 8 1) B 4 o TS 7.
905 8 RN A 11 W] 56 00 11 TR0 AN 2504300 2 5,9 1 10, 18 B T 1%y v 1R TE A .

— P2C

[ ]Repeat node Record 1

record
Fig.3 Transferring of the marked node in back-trace Fig.4 Refined marking method in back-trace
B3 [l A b b i i) A B4 [ i bR ad 5 ik r ik

HT T TR A A A [P 9 2oL R [ I AT A 3, 2 SRAN 0 A% 35 10 2 P 0 AT B, PT 8 3 BB e v B 4
O T S O IO ORI B AE B B v 2 RT3 925, T 8 vl 5 i ) T 6 N B 5+1+5+1—(4+1)+1x(1+1)=9.
SRIMNEE B AT, TS 8 TSR B TR N EOh 7R ZE K SR RAE TAME T IR TR 2 AT 58 B TR
BB S AL TR 5 AN RAZRE SR AR IS IO 2 A3 25 T 6 AT 7.2 91 BRRff7 B0, 7 38 00 b3 T e
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e 3 1) 29 RAAT A R T AL ue {Nep(w),Npp(W),Npc (W), e HiT BK TH AN 08 K, 24T wo il sk 98 T u AN A bR
WRFHAN A K=k, HAE w5 o AT FA bR A TR eI AN 208w e u A BRI 48 THRT v,
ve{Bcp(W),Bpp(W),Bpc(W)}. I FHIZ LI A, I 5 A - T5 AT 8 Wl S5 i R 0kt N EOh 7,35 B T 29 R A 3k

8
5| 12
6 2|12 7
5 2 5 5 1
2|12 2112
3 2|12 4
212 211
2

— P2C
Record
L T ]

Fig.5 Error induced by unstrained mark transferring

K5 TR bR ic i 5 R R
24 MmEEMMEL

T 35 5 SR AR P G A% B 2.3 1 b R 7 R AT TSR M TR ve V2R 280 B AT ARG IR 1) T Ong A4 I
b, PR T A v K TR B IR T A G TR s W% 4 B J TG B A5 20 v IR AT e AR R TR (S, ) RV K 4%
o SR 42, T s e S Pt B — 4 A D i B B v Bt T T ) T e AU 6 A P o — AR TR MR T
e SE 4 B T K TR ARG T R LA g 4 Waing 25 A TST 4 i del ) 4 £ SRS 1 RIS VR L A R T R R &
AxPEL PERERNRR PRI 4 AT IS 2 B AR S5 VR B B R B AR e O e AR N — AN 4 B B
e A% TP R PR 3 B e R B PR AR AR R 1 (3), A S LR T s B AR R G b ARSI e K
JUAR 2 SR s SR Aff 7 A TR ) T i

WIRTR S veV FAE G 4TS weV, 2 weAcp(V), 10 v IERE w IIEEE K fop(v); 24 weApp(V),id v IEHE w 14
FN Tep(V); 2 weApc(v), 10 Vv IEFE W HIHER O foc(v). 4% 1 Prefer-customer S, 5 fop(v)+ipp(V)+pc(V)=1 H. foc(v)>
fop(V)>Tep (V) AR 1 (1), BT A v it B0 5 AR s # 2L P2C,P2P Fil C2P X 3 X RTER2IIE A LRI R, 2 B4
N Pse (V), Pon (V) I P (v) . T G BT AT S i B A2 M s HYR T LAAT Poa(S) + Pio (8) + P (8) = 1R 415 sz 71
2,700 5w AE G mT i HH I Y. 2 3 w A B — 9, 96 HL w2 v (SR T A0 DU s Bk v AR T S A 30 R

Poc (V) = WEBZ(V)(PPSC (W) + Pop (W) + Pep (W) x o (W) 1)
Wk w e G tHIWﬁ‘{k,WJ/AfC(l)ﬂ%:CiTﬁHT:
Poc (V) = WEBZP;,(V) (Pec (W) + Pep (W) x o (W) )
Poe (V) = WEBZP;,(V) Fee (W) x fop (W) ®3)
e (V) = We%(v) Pep (W) x fep (W) (4)

S5 T veV nl SR T0 S S AN B0 AR T A5 s 20E v IR, il AT B G HP 48 AN T0 55 1) 25 1k AE T
VL 3 AR ICTH AL OUTpc(v),OUTpp(v),OUTcp(V) AT AE A7 75 B B8 52 F8 0 1 T0 A ), % 2R 2.3.2 5 v i) s vk
A A T A BN TS T 3T Cpcpp(V) R T A5 v 1 OUTpe(v),OUTpp(v) I 4% T 52 2201110 T p55 56 AN 4, ) 288 ]
#3 Cpc.cp(v),Crp-cp (V) Cpe.pp-cp(V). 75l Gt WAL T v U IL 1k HE MR
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Cd, (v) = (Poc (V) + Pap (V) + PSp (V) x OUTo (V) + RS, (V) x (OUTp (V) + OUTe, (v)) —
(Foc (V) + PSp (v)) x Coe op (V) + (Poc (V) + Pop (V) + B (V) X Cog pp.cp (V) —
(Pc (V) + Pop (V)) % Cocpp (V) = (P (V) + PSp (V) X Cpp e (V)
QURT A v L 2 I H By
Cd, (V) = (B (V) + Prp (V)) x OUTp (V) + RS (V) x (OUTpp (v) + OUTe (V) —
(Poc (V) + Bip () x Cpe cp (V) + (Poc (V) + Pop (V) + B (V) X Coe pp.cp (V) —
(Poc (V) + Pop (V)) % Cocpp (V) = (Pop (V) + P (V)  Cpp e (V)

(®)

(6)

FL W EF 2.2 45 ) 5 A HET IR d R G 42, WA 31 n A B R SRS BR A2 1 G seVVI=n AEREA B G i RN T
mveV HAT I SEE PP B Cd(v) R RS TH AL T AT B G Hh 1A B SR AR in T 45 25 T 72 2> AS B

F|EM, AR (T) R
cd(v)= Y cd, (v)

seV

25 BiEmkS5E RS

FEER 2.2~%55 2.4 TR T 5T 1 1B B 1 0 AS 1Y ni PR VEAL TV, L BRI Sk I 6 .

Algorithm 1: evaluation of node importance in AS network in the view of dynamic routing
Proba(s,v) Calculating the probability from source s to v, according to formulas (2),(3),(4)

Infer(s) Inferring all the shortest policy path from source s according literature [11]
Compute (v) Computing the affected node number when vfails according to theorem 1
Mark(v) Marking node v when it has more than 1 precursors

Trans(v,w) Transferring all the marked nodes recorded in v to w

Compensate(v)  Dealing with the recomputed nodes in v, includes OUTpc(V),0UTpp(V),0UTcp(V)

CalEffect(s,v) Calculating the affected node number of all nodes in equivalent shortest
path graph formed from s according to formulas (5) and (6)
AddEffect(v) Add all the affected nodes of v according to formula (7)

S Stack which records nodes distance to s from near to far along the shortest paths
1) For each seV

2) Infer(s),inferring the shortest policy paths from s

3) Proba(s,v),0UTpc(v)=0UTpp(V)=0OUTcp(v)«0,veV
4) While S not empty

5) Pop w«S

6) For each precursor v of w,veBpc(w)

7) Compute(w),Mark(w)

8) Trans(v,w),Compensate(v)

9) End while

10) CalEffect(s,v)

11) End for

12) For eachveV
13)  AddEffect(v)

Fig.6. Algorithm of evaluating node importance based on preferred route
6 kT gk itk DA TO R E R A S

(7

B 6 5,50 2 ATHEWT AN s H R I o o A% 1) I ) 42 2% 128 O(m), |El=m. 56 3 4T & AF B Gy Wil S T A s 338
REATH A AR, I () B 2 O(m), IF HLiH T G "Fil A AHXT DToR Bl & /IR £, (I [a) &2 2 iz /T
O(m).5 4 17~3 9 1T ATEE G TPl B AREAN T AT 5% BRI BT 56 10 1) T 0 /N 450, X AN I R 4 10 G v 0 i 6 3
A £ B G o, — S8 T 7 200 3 ] REAE T B0 1 AR ie T AL ST 38 BN T skt 10 3 1A 2 T AN 250k 1,00
B AAT~5 QAT BRI TR 28 M2 O(Ixm). i 28 3 75 rp B Sl vH 5 mT 4 | B/, 2 3.213018. 28 10 AT [t
ST R S 2 O(n). 28 12 47 ~28 13 AT RIS [ B 4% 5 24 O(n),|V|=n. BRI, 56 1 AT ~28 10 47 75 Bk Iy n i, 43 11
IFIE] A2 2800 O(Ixm), B IR A 24 4 O(Ixnm). 5 T A #0 0 AT 70 70, AT 9 VP A7 0 it o S (1) e st
4. stress centrality 25 [ i) 52 2% M #AME T O(nm). BRIk, A SCH S ) 56 15 36 % oh 00 DAl 1 R 2 BV R 1)

IS 1) 2 2 AN 1o T A 1 S EE DR A 1) I ) 2 2
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3 LA

31 HRHER

A3 M Routeviews!™® N4 T 2010.03.01 _E/F 10:00 1) BGP 52 ¥4 th T A U /4 DToR & kAT
{19, 25 56 75 LR FH BGP %54 14 4t DTOR Pl KR 591 00 T 190 A SO K B 1 A B e 28 19 5 P 28 T e X 2 AN A
Ivil 4 by 3t b 0 6 b R AT 25 i DR i e e SR AR SR IR i N A FHAS T 1 % 2 BUR: SO AN [l ) il N AS
S UUR AR SR VR A G0 T SRR DR A P A [ 0 B EH R AN £ R AR SRR IR I AR e A, R 25 2 A B
P 28 B AN HE AR IE SR 56 2 1) EL PG 0 0, R G AN B8 1 B0 2 P 1 e e AR 68 RS A I, ) P B 86 vy e
S AR SO AE S AN SE (0 40 D T VS VP A T RS B T 0 — SO B RE RIS SCVP AL SR AR A A
%t DTOR P&, A SCR FH A T K5 0 7 1) Gaol i H i SR HEWT AS 2 1l Ft) 78 b2 3R AF 75 42 38 0 02 76 % th 3R
I T B 2.114 1 AS 453X 2 BT 16 A7 K AS B U5 BR, 17T A 16 4 57 R A 32 4. 43 AT % AR R B TE i 2.114
X 32 A1) AS — ML stub ASIX S R A X 28 AS #2740 T 1), — M0 i % 48 3 BLAT (1) AS, 4 T 484 Internet
(A Sty T B ATT A2 stub AS, AR SCTE AR ISR X 28 AS 24t I 2 5% 0 8% 40 HE B (1 45 L fec 24 Wy 7 (¥) DToR &
HHE T 33 664 S, 14 143 400 AN AEMRHE Prefer-customer 5 Ik £ fs UL M A2 I, T A5 ve v #6B AL SE L
WK foc(v):fop(v):fep(v)=0.6:0.3:0. 13X AN L4513l A& 1B 15 (3) 1 X D& & customer>peer>provider (123K,
32 KRERE5HH

T B 1 AS FEVEVPAL 7 VR AN TS 1 A2 nx(n—1)AN T % 2 ) o 3 B vh 285 A A
T (A3 T A SCHI 1Y DToR B (0 BUBEAR K, 28 oKe 45 S B LA nx (n—1), %% AS [T dn 1 7 o, 3,
B R R AN AS, T FLITAT ¥ 33 664 A~ AS T 4% HATY 55 BE K BI/NIEAT T HE v 8 58 300 B il 70 320 1001 S50 88
MK AE R L B ACRAE T AS B HEF RS AS BT ALK B AS 1273 [ 2 220, 40T HEF
RS 47 0, A e B A B B 47 AR AS 1273071, I 7~ 9 Hh R b 1t K A R AT R (R 5 3L

Importance evaluation of AS

Importance
w
o

1l
I AL
1 4891 9781 14671 19561 24451 29341

AS (autonomous system)

Fig.7 AS importance evaluation based on dynamic routing

K7 TRt PPA ) AS FE L

AP 7 K 22 Tk B DAL (R AR AE 0~1 22 1) AP A 33 AN AS TN KT LRBUN I 7 i
RBLGEHT,FR 1 HIH T X ST A B b, T0 R 0 BB T B T A 3R 1 T A 4 SRR IS T e i i th 1) AS
B VP AL 7 VR RENS R B AR A D 3 B (H AR R T A, 9 HLIX 28 AS 7 CAIDARTIZ: Hy [ AS %
PEHE A H BETS B AR G5 16 UE W48 4 : AS10796 (19717 £ 5 4 91, 4b T4k 44 11 56 326 131 ;AST7843 [T 1 5k 40,40 T 26
430 £7,;AS30628 47 s By 26,40 T 55 836 £i7;AS20231 F 5 1 2 25,40 F 55 953 {7 ;S5 45 (3% 1 b, D AURTH
R Imp ARF T M EE M AS REAHBRSES).

VPN AT Rk B I TR kB A AS T EEEVE AN U VA S NS FD VRN TS M 10 5 AT B
B IR A A 0 0 %0 T R AR A TS B 5 O P (stress centrality) R/ F B L T A
(16 S5 7 A, 2% T a5 sk B2 50 JBE v D P 3 % 8 el — AN TH % 1 i 0 B Ak 22, L 0 R R o oM R A B i
BT Tl A S DR A 10 286 o T F EE S T RO A VAR AL, 3K L 3 B R o MEHEAT ER AR
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Table 1 Indistinct but importance AS in Internet
Fz 1 Internet AR BAHEE 1) AS

AS Imp D AS Imp D AS Imp D D
10796 37.207321 91 | 11048  55.201 485 1 30701  41.401119 1 1
7843 2.366 901 40 || 26166 3.083 241 1 17 296 3.083241 1 1
30628 2.332973 26 | 20108  55.201 485 1 11 060 3.083241 1 46 697 3.083 241 1
20231 15416222 25 | 40707 3.083 241 1 5790 3.083 241 1 25943 3.083 241 1
7017 15.416 223 17 6 341 41.401 119 1 26 500 3.083 241 1 22955  41.401119 1
1 1 1

1 1

1 1

1 1

AS Imp
12 262 3.083 241
13651 3.083 241

40 488 3.083 241 1 46 083 3.083 241 26355  41.401120 20 465 3.083 241
10634  41.401119 1 16488  55.201 485 13602  41.401119
36 001  41.401119 1 22173 3.083 241 21801  41.401119
22 322 3.083 241 1 16 836 3.083 241 11877 3.083 241

TSR 4 R rR 1 PG 33 NS/ AR S M EEEVPAE AR 0~1 Z (8], X B4 stress
centrality 5 8 I 45 A — AL AL 21, 18] 8 Jir 7. o v RSN R 7R 1R 85 A AS 42 R AR MK B/ 1 5 HE 71
B R R M VEAG (. A B 8 T A, 48K 2 £ AS [ S VP AR (AN T 0.0, U 1R A>3 3 o T B AT 46 38 4y
[ AS TP KT 013X 3 B EE T35 25U L stress centrality F17S SCHE T~ 14 16 B £H 18 7 40 SR PEAG ROR K
SO R, B 4 K 22 H00 s 53X 3 Al 7 v AT 45 B0 AR AR ) B B VAL L I 2 RO 7R SRR I X ) 33 664 4~ AS #i
BT, & A AS (1) T ELME VAL AR A 22 AR OK, Wi AS3356 1) FE # K, 4 2 659;AS38501 i B die /v, oA 1.4 it IH— k2 )&,
VEAS A 2R HH 25 2 659 %, th TR 11 AS e T A8 MR BNEAT 7 4%, 5T LLVPAE KK AS #REE T
B 0T 065 43, B BN P (1 AS 49 531 T RA A7 3 A A R (02 2 T 1 B B B VP Al VR BR T 3R 1 41
H TR 2 A KT T P B R 8 5 O M e 4K 1) — 26 B AR L A SR ZE 1 T A, 6] 8 i i 27145 &5
29407 22 A ¥ T0E A

1.2

1 0‘ — Stress centrality |
- 3 — Preferred route
2 0.8 Degree i
§— 0.6-
£ 04

0.2

o2 5

1 5224 10447 15670 20893 26116 31339

AS (autonomous system)
Fig.8 Comparing of three evaluation methods

K8 3 FHiFAL VA HL

8 H AT B W46 (K3 43 R AR R, T o SE AR A ). A 7 SE DM R 3 Fho7va i) 22 57, B 9 o T0 A5 i) JiE
ORI 100 AR ATHEAT LB A Fh U7 V20K T B VP AG (A — A5 A TR T00 542 S el [R] o 7 32 v 5 () 91 Ak (/R /s
P A T 50 1) 2P AT A T A A AN AS I % (19 A 6 At Tt (9 T R 32 0 ) — AN T AN [ 5 Yk ok 8
(0 DP A B AT LR AT 3 S v 56 0 0 36 e 190 D7 2 5% T AT 00 P U A (A o A v o D VR R 8 /N o
TE2E LW 3 P 5 I VPG A AN TS AR HEA AS I 2% mp ()R St T B I LK 3 3R B vl VR ST A SR UK 25
2% AR VTAS B 0 &5 /N5 53 W 05 1 24 38 A AS I 4% HR (1) T B2 S K IR 100 AN T ki 4% i 3 R O S VA 1
FEEAR G 9 R,

MO AT 4 LTk K EH IR P4 7 92 R stress centrality 77 VAl R T A TR A (K AR Ak A A T N
HIZR AL A FAAN 58 W & 6T 0 3k % Tl A PP 45 SRAR X stress centrality S8, 78 Kt A AL (E G — S T3 4
TEFEA Internet 77 [ 5 EME 2145 B B R], 404w 5 2 14~28 22 0] [ J00 o FH ) 1l 355 1 1 36 5% e 1 VP A% &85 S (0 AR 4k
g 2% R B B2 A AR AR Al AR 3 B IR VR A AR 25, AR SC UL CAIDART A HE 44 i 100 1) AS oK
HFRAE.CAIDA %t AS 45 A% 0 AR J2 3l i T 5% AS customer cone B RIAR K /N SR ITFAL AS % 42 5 4% 1 2 4
R )45 AS a, L AS customer cone 7 AS a KB FIM a HRAGEA P2C ] BA T A AS B a,a
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I T4 customers,a [KJITH customers (114 customers. I fEIR, H B ¥4 P2C AHEH B customer ik HL
H,AS customer cone L35 1) AS AN L FRATTH CAIDA $24E 1 HE 4 1 100 1) AS 43 315 T0 A B
0T 5 PO R S T R O I ER VA D7 VR AR B 1 45 R AT B an B 10 R b BREIER R AS $% R CAIDA 11
Hea MR BN HES Bl 805 ¢ FARAE 100 4> AS FIHER AL T4 ¢ 44 19 AS. Lo i vt itk 77 VE7E
5 1~5 > AS I EZHEVEAL FSE 2R BRAC T L TE, 5 CAIDA HE S AN BT T0 0 5 (¥ 5 10: 45 55 49~53 4~ AS 1)
HEEMEPAL EYe S BTN AR CAIDA HERZ AT 25T 15 1 % B VR4l 5 vE LSRR R 7R HY T 31X 100
A AS (¥ ZE % D BRI b A, R Uk, e VPN 1R AS TP 5 1% AS (¥ 51 bR T M WS X B T A SCTTVR )
Bk

1.2
1.0 — Stress centrality
® .L — Preferred route
g 0.8 Degree —
£ osfil
o
£ 04 J‘\
0.2 Aa
0.0 L e 2=
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AS (autonomous system)

Fig.9 Importance compare of the top100 AS with highest degree in three mothods
B9 TR d i 100 AN AS 7 3 o i T B 1 L AR
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1.0 — Stress centrality 7
8 0.8‘\ Preferred route |
s Degree
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€ 0.4MEkE
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Top 100 AS rank down
Fig.10 Evaluation results of three methods compared to the rank top 100 in CAIDA
K10 3 R VEMIEAL 45 5L 5 CAIDA szBrfE44 top 100 (1%L

4 LERIE

AR SCE RN TR % T 1) A BE VP Al AS 2% rP TR T 280 1 2, 0 7 AR S S VPl AS 2% P Y
FIVEAFAE IO AN AL R BEFE A B Rt 1 56 T o b % th PP A AS MR T7 VA 5, LLECSE ) BGP Hdii b 1% 77 ¥ 1t
AT T e A ARBLA Rk, LA CAIDA $R4ERIHT 100 44 AS Do bsifl, UL 1 T 0 2B % th A VEAL T35 L stress
centrality M5 5 BEIX 3 FhPPAL U5 3% 45 RAR W], 26 T b % th IO PP AL O i 5 S Bn K FR A2 e W X B T3 T
T B I PEAG TR ATAT AT R, E AT LI I 4 R OB Y  BE R AT I DR AT AT R e R 44 1
A PR AT SE A AR SCIRIE SRR T LA 280 0 2% 26 R PR 1 22 T 98 A0, D X 4 A A 1 0 s SEF 984T R T —
AN S SR
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