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Abstract: Routing table size and routing path length are two critical measures for evaluating a routing algorithm,
and there exists a tradeoff problem between them. Compact routing refers to the design of routing algorithms
obtaining relatively optimal tradeoffs between the above two measures. So far, researchers have proposed quite a
few universal compact routing schemes, which have high optimized bounds on routing table size and path length for
arbitrary network topologies. However, as real-world networks usually have specific topologies, the universal
schemes are possibly sub-optimal on them for not exploiting the topological properties. Recent work discovered
many real-world networks had scale-free topologies. By exploiting the power-law and strong clustering features, a
compact routing scheme with additive stretch for this class of networks is presented in this paper. By separating a
network into a backbone tree and shortcuts, this scheme ensures between any source node and destination node in a
network, the routing path length is at most an additive factor of b longer than the shortest path between them, and
the local routing table at each node is upper bounded by O(clog?n) bits, wherein b and ¢ are parameters related to
the network topology. Experimental results show that b and ¢ have small values in scale-free networks, and the
proposed scheme can achieve better average-case performance than known schemes.

Key words: compact routing; scale-free network; network topology; simulation; stretch

H OE HE ARG EENS RN TERATAR G RN K AR RE XA EEE R LT
8%, % 454 &y (compact routing)FF 5 B fE3% i34ty Fik A2 X AN FE AR L IRAFHAL 9 T4 (tradeoff). B AT, &R 4 % 54
AT 4B MG W 464218 T 453 (universal) 49 % 434 &1 7 7% (compact routing scheme) f22 , A 52 44 P 24 AR ELA 4% 52

« Supported by the National Natural Science Foundation of China under Grant Nos.60673168, 90818004 ([H 5 [1 48 %} 2# 3 4x)
Received 2008-07-09; Revised 2008-10-16; Accepted 2009-01-15

© HEBEERAET hitp/ www, jos. org. cn



FEHE FATTRARE WG S A ik 1733

#9441, E3E 09 BRI b 7 B THIER AR A & 2 I 4 AR AMFAL, B Mo 3K K W 4 R oL REIRAF AL GG M Bk
RO FFR A I, % Bk W AT TATE A AT A 5% R R4 AT, A B X F) R4 MFAE, S8 T —Fb4tatiX K M 24509
B RFEH T ik Rt 7 ik M A R A —ANE T e — e R R R AR E R S A B 69 B ] 3 A% R 5A
K ERAIT T RAEHSA K Im £ — /25 b3 & K FR4IE O(clog?n)pbd¥, 22 b A= ¢ &by M%)
R HS TR R A A RATE RN % L b A e AR BB 8. B A dR 6 Bk kAR R R R )
LeX M &/ &0

FEER: SRR AT N % M S In Ay Ao K A S

PEEHES: TP393 XHEKARIRED: A

5 PR 0 A ) 208 A 0 e A 14D ) 2 — 4 S el 3R T T IR AT A 2 ) RN R A R e R A B — R i fh
RS A T SR AR R I P A F8 bR R A P JE 1 A% G2 1) B 5 44 B th 5 72 (shortest-path  routing
scheme) (- TIE 1 ATAR] P AN T a5 2 18] #3 A FH S Jod ¢ A2 04T 6 oh ABLAE A5 A1 8 1 5 A7 O B A LAt ™YY a5 1) I8

5 B tH R IR (n),n AR FR N E RS, 1 n AR, P8 77 25 1) 35 SR K RO R Bk RE RIS LA Internet 24 311, 11
R L8 ems K1 25, BGP(border gateway protocol) Bpis 3 A% b Sk i 5 i 6 452 B e IR bk, I 5 W) 8% RS 1) 348 o, A%
LB EH S 1 6 7 R A I 2 R I P EE R 2 T Internet 19T JE PE I B % i (compact routing) fR1EE HE IF
N TR 3R R, A 0 JEARURS R 5 e 2 R DR /IR AR 1 K 8 R AT A B U T 0 B R SRR AT
IR R KN R o(n). ELR, 1 E A TR (1 k2> 0 K LU 0 38 e ) i AR A R DA AR X el i AT
F B (streteh) e 2, B, B BRI 0 1, S5 B A P 0866 A0 ARG T 5 6 4 10 o (R RS 4% 2 R 8 K ol SV B 90 5
FEREL S48 5 W9 24 3R — it Fh 7 VR RS 7 i PR 2 1 /ISR K R 50X 1 o 2 )T B3 R R IR P4 K &R

WA B2 6 o 5 v, e AN R BT UL (@, AR 3R, 2 30 AT R0 i u B el 31 v A 1 e e 5 e
K ad(uv)+B A ,d(u,v) ol u A v 2 8] FR d5 R B AR K B S — b i it O R K R EON (0,0), F e A G
HO (multiplicative) {1 28430 % 117 5 4 o, 110 (1, £) % < 1Y 571 (additive) (-1 5 80 0T 5 22 % LD T 9 A0 PR
TR MO W B PR320 4L 90 AEAR LU, VR 2 24 3 ot — Mk 0 4% 1) 55 %l T8 T 0F
5¢. CowenlV 45— AN T MK R B4 (3,0) BT 5 (universal) S 22 8 1 77 v, A b i i % B O(n?log**n)(F
THIFr A Cowen J77%). Thorup F1 ZwickP®hEt Cowen 77 15 th (1 % HH R BB AE 2 O(nY2log*?n), 3 38 4~ 117 if
K B BORIEK 22 R /N b A B A0 S 7 1) e 3 Bl T vECR MR TZ J732:).Gavoille #11 Gengler®iE ] T ANT7AE
K R BN T (3,0) HAEA Y s LB el 3R HCh o(n) iM% 35 % th 7 v,

TG 1) B B T IR T AEAT R 4 s SR B0 IR R AR B, R T S I Y 45 T R 0 HH SR 1 T e
TR B B IR (B A AR 2 R R A B0 S ) 2 b I B s s el LA 6 ) 4% ) B VAR R R RN IR S
T AT R IO AR B0, V25 S AR K ABE X 6% 40 T o J38 X 4 71 4 88 40 3 A2 R AR ARR A0 2L o Internet
AS G113 P g T bR 2 16— AN SLRIE 5| T RIFSE AT 32 0 2 B 5 e B, 3 LA 9 SR 4 (clustering) 1,
S HC P (dissortative mixing)™®. &5 AR SR (rich-club) L & [ A4 (self-similarity) P25 4R 4E . Krioukov %5 A 12
K TZ J5rvE T Internet #% (1,38 20 BT FIGTE A IR, TZ J5vETES Internet 1X S T0HR & 18] b (1)~ 35 £ H0 8L if
KRB /DN T ERINE T B, A0 L1 224 A8 &, TZ Jr vE e & 38 1, W vk i IR 80H & TR X e hn B
25 FH I 7 A I — A e R 0 SR R TG R BE Y 4% 1) 4 AN RFAE, AN 2 TT RABRC U HE P A S L i eh O R BRATT
X B ] R JR T RS

AR SCHEE KT T bR FE W 243 T — i HL A A K R B B2 % 1l 7 %5 ——BSROUT (backbone and
shortcuts based routing), i 2 3025 T+ (1,b), {F-A1F 45 1% 1 % K /N R I7E O(clog?n) b, 2hrh b A ¢ & i R 4% 45 4
P 55 DR I TAEA L, A S TAE HAT DU Ry s R DTk

1) ANER E 00 R R R T R X T bR E R 4% B4 i T R K 4 R AN TR AR A
J8, PR T DA R RE Y g M A o I A A A, B R g N E T R A
2)  RILJGHR L WL 1A bR B A TS R R A R R, R ILEEAR I A 5 M 4 R AR I T A
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K FERRI AR R B8 T b AT ¢ AT LR JE b BE 0 48 U /N R4 ;
3)  RULAEE T SERE T340 2D B AR A0 3 1 2 A, e b T B AN T R B R B AR R
4 L0134 HE B R X — 5 2L BSROUT 7 v TG A B W) 465 LA T 4 /I 10 % 1h 2 358 i 08 AR A1
H~F- 25 R4 #E AS(autonomous system) i+ _E 1) 5256 45 G 3R B, BSROUT  J7 v Lh 2o At JLFh 77 v
RIAF AT
ASCER 1T R I R AT DO, R 5 BT TR AR B T 4 Bt — ol 9 2 T RN AR ) AR 2 TG
S48 BSROUT 5V 1) S B B flt B ) 46 1) VS 5 55 2 % oy ARV R0 R D IO 488 i 1 R A A s 2 s £ 5 1A R0V AR
JE A48 BSROUT J7 ik i e A W1 1% 7 v B (Lb) O R % O(clog®n) b 1) % th & R sl biicd 58 3 15 A2
SR A 2 A AE JUF T TE b B 0 % L T RS4RI B 0 43 A R AE, LA P BSROUT 773k 45 1 28
(RS BRPEBE. SR 4 WA AR TAE I 5 B kT LR 28 5 W AR S TAR AT IS 5 2 B 45

1 E X

11 RREEBERMS

AT P 4 R TT LA 5 o0 — AN R4 B R R S R I ) AR QR

W £ (network) i) 5 S48 B AR & G=(V,E),V AT RAEE AL VI=n,|El=m, LL A — A 122 B B R 4
WE—R™, it d(u,v) AT B G TP (1) 55 LB A2 1 S5 AR S T AR 25 BT AL

% B1 75 (routing scheme) ¥ & S B 7 v 2 58 AR GBI —F oA N EVE A A7 s 4 B SRy
AT R AR AR BN R BRIE R S AT RN R — A BT R0 BRI R Tl e b O VIR S 4
YL B — i T A B e R e R VA B R T v o R BT 06 AU 3 A B 4 T i el 3R A

% 11 T 9 B B B T B A b R T R TRAG B R ST o A 2B 5 R T o AR A A TR KD,
T PR B R R AR 55— AN B rh I RS B AT TR I O T L R AR g 1 B AR, R R A
(stretch) K fli 2 MK RET LU (o, )RR, Z e MER T u B R v I 5% 42K 8K ad(u,v)+ 8,3
L, d(uv) R u R 2 TA] (B AR K R A R AR A T s bR E K B B R S A S A I R T
JEWCS A (convergence cost). AR 3C T AE £ X # A5 H0 b 1175 0, 32 B 9T % £h 2 K/ L5 A R 11

5% % 1 (compact routing) it 5 SC U SR —F gt o5 VAR REAN T A LB R IO o(n), K R B A R
AN _E PR, SRS AL B P B 2l logn 19 22 30, % 8K T 7 VETT DARR O SR i

& WM (name-dependent) i 55 2 1% 1 A1 44 7 b 37 (name-independent) () 5 5 % 1 - 4 7 WO ) "B 8 i 1
FR AR % th (labeling  routing), A 1 8% H 7 1% 75 256 I 4% 01 0 B8 0 e 44 7 (B iR) FE 4 7 P ol &2 sk /b 25
T WS AME B TR B B R AR AU T T DURAT RN, AN 52 B eh v BRI e SR OOR AR
£ R AR E (1 B AR 24 T BE K 0B AT 48 H AR T LA ST IR v E R T LAAE 4 A VR R o
A WS T RE SR I AN SO K R TR T A AR ) R i
12 TAREML%. &TMER

To b B (scale-free) W 44 1 SC_E 2 5 5 45 B 40 A i /2 P(K)~K 79 23 A 1) — 28 W0 2%, 3 24 1) 4% T 5 L AT 350N
{1 T A% N1 34 B 20 Sk 0 2% IS I 6l BB 28 O(logn). V8 22 o BBE 19 483 FL AT i R A2 R A, R A7 AE KR = A
TE V42 L WAt 2 X 4% v, I AC IR R AR AT At 02 A A SCRR[A3] P 4 HE 77— X 4% B T M, o SR A3 1 A4
(betweenness) . FH$5 K (19 A5 B, e IAE TG e JBE 199 8% w3 Fofv by (004 50 52 40 A AR 996 2 A AR TSI i A B Ll
B I SR IR R 2% R T AR I I ) A 28 S8 2 /0 g O(min). A IR 4% 1) 1% e il LS 2, 2% he T A SR IR 4% 1 0,
BAVHEH T AR (B 4 5 S, A IR (1 ] 1) B2 24 BE R O(m).

‘BT (backbone): ¥ G=(V,E)A AL 1) 38 &, |V|=n,|E|=m.h & G ¥ B 5 K 5, L h Ay Y 1) B 5 e e 1
B B G ET H To&Romw.

Ftt(shortcut): |l G HATE To TN R A FELR R ME S S R ST — 4512 seS, % s=(u,v), 3L,
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uv i s #E G RIS L E SC s N u Al v £ To HH RS, BT length(s) = dy (u,v) .

SIFE 1. W SR LALIETE G A RLE S W|S|=m-n+1, H 3T Z 12 seS, 7 length(s) =2.

IEH R E XS S G AT AR To R34, 5T LAAT S|=m—n+1.11 % FAE R34S seS, T8 1P A i A
To AN B AR MR IR HE A2 KK 10 5 AT length(s) =2. O

2 BSROUT BYiZit 54

EIR 1. % G=(V,E) N AL R @ |VI=n,|El=m,To K G ET,S A G HFERES b HIEMIEL & S+
KR T4T b+2 FEARECRN o Ul LLBE Tl b 7 32, 6 i R 5000 (1,b), B 12 K/ O(clog®n) ELAE,
TS FRCKE th ol O(clog®n) LL.

I TRPE PR AN A 5% s th O VR ) v I R T A b AR B, R T L, 6 1 2 SR A T R
4.

2.1 —ThEERE R ERBE L
BSROUT J5 i # 37 AE — P £ (K0 1% v ik 22 BB 9207 ik 25 17 SCHR[B] 1R i e 5 (R TR - TZ
B 8% tH 75,1 785 TZ 779K 50 R SCHR[15] 9 B B [¥) BE 25 A1 (distance labeling) 75 ¥2: (R THIFR A Peleg 77¥%),
RAIE FE AR 1 A2 P 5 o 0 40 4 £, % T 32 K/ O(logPn) ELARE 0 1 358 K /I th ol O(log?n) L.
TZ B % v 5 A A O(log?n) ELAF IO AR C ML 7 36 . O(logn) ELAS (114 126 TZ W i h 7 v 43 10
Ao PR % BH R SRERE AN B S, T TV ] B O, 5 3 1] S 25 SCHR (13RS 4N 1 B (R T AL B i R
1) S TR TN T TG EE— AN 8 r B AR AT S0 T AT RS 58 38 1y 4 17 il (R A /s 2]
KAFALL,2,... ,n}F IR AT bR

2) AR AR —ANME— ) heavy T AL BICA SR B M EUR Z N G RS B AT I —
AR A r B A heavy 5 55, HoAh 5 55FR A light 75 21

3)  TEREANY A v _E AR 2 tabelr(v)=(f,,hy.en.eo0).f, 715 v R TR s K B AR AL by R v ) heavy
TAT AR e KR 7] heavy T KT IK112, 00 RN TE ) v (AL R (3

4) WA v EBARIC A labelr(v)=(v,L(v)), 3 1, L(v) R s AR T A r B v 1A B TR IESE light Y
A BRI RNHR N f A2 YT

IR TRAR BB ] 52 % B S O(m). Sk T i AE AT L, JE T 43 BO4 T A v I TR v T Tabel(v) R R T s v

oA L(12)=((1,edge(1,10)),(10,edge(10,12))),edge(i,j)F 7~ 17 A i EEHE 1 i j A0 8% th g SR BV R R e — A
T (v, L)) B AT A u B A E AR v, 24 BT BE B A0 w UEE w BT e R

1) R w=v, B3k HER LR A W) E DB 2);

2) I ve [w,f ] 15 BT, WA ST, B v A WG B, I e B AL EA w A A2 i 1 e AU 1 3);

3) A wOR AR L(v) I, SR B L(v) i w X R 1 A A W D B 4);

4) v Dbt hy B hy, ()58 5L B e R h.

Peleg 5 1% B S 38 U1 20 iRt (40 7 ¥ 4E. O(nlogn) I i) A 45 4 35 4 s 23 BiC K 2 R O(logn) LA (b e AR 5
Fric i) LATE O(logn) Y A 1] P AE#ff 01 55 H AT AN 9 i 2 I I BE . TR Peleg 5 VAR TZ 44 6 o1 5 A EAT X
T T A5 380 — A A H 0 BE A A I T L ——T 2 B

W T ATERER AT TZ Bk b7k A HE 5,1 A v MFRIE R R A labelr(v),y PIASHb s th 34
tabel(v).H Peleg Jyikxt T #EATAbBE ST 05 v, & 1 (v) K Peleg J7ikarBiss v ARic. TZ 5208 1 (v) 5
label(v) & 432 v #Axic, H label! (v) Fow, A 1 (v) i E tabel(v), [ table} (v) /- TZ' HEAE T ik
P % Hh R S SV 5 TZ Wi v O A IR
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Fig.1 An example of the TZ tree routing scheme

Kl 1 TZ Wi b7 vl

5138 2. TZ' I vEAEREAN T B AL O(log?n) ELARE AR AT Rl € LA &% O(log?n) LA ) 4 1 6.
AR IS T2 5 15 (KR AR 28 55 IE I, 04 W O

22 MEERWMESHHE

Ve B (1 5% B T U A R AR 1 B8 R AR 22 R 2R B R AT ST SR F 1K) 7 V6. BSROUT ik AN G it —Fib
AR E MBS TS To A G MET4,S HHIERIME S IE R seS H length(s)E 7~ s 1S, length(s)
5T s BIPIAN Ui BUAE To L IRIEE 5.3 b oA 45 e AR SR8, s X S'={s|length(s) =b+2,s e S}ER /R K K T8 55 T b+2
FERR AR & 8 X =[S F T E M IE A e 8 & TS Il F2, I 18] 2 A% 5 24 O(em).

Procedure TSConstruction().

i To IAE] TS o,
i<1;
For each (u,v)e$S’
If TS HAFIE—BRA R Ll u B v AR then
PL u SRR AR il — MR (U, V) 75 P9 I A e A R AR E 0k T
BT AT TS o
i<i+l;
End If
End For

5132 3. W TS 2R R SRR I A R A2 & | TS| < c+1.

IE B ELA|S|=C, N ST I — 45 FEAR 0 22 WA — AR A O B TS| <SS! [ +1=c+1. O
23 BEGLEMEERAFE

HALAE FIRF A I SEN 1 BSROUT 7L R E T4y i 4 AFB4 TRARBEIR 4« ARic o A7 f 8 o0 F g rh
oy

TRALFRHR 73 EL 45 18] G 1A W B2 TS M43 JF AT TZ JP B3 SR T;e TS MEAT AL 3R % T vp IR AN
AUV TR labely (v) (i 124 tabley, (v) I #43 A bRACRAE fif 8 4R 6 T HTAR 1R B 45 4.

FRICER 205 ) G AT AT v A IR A T BE labely (v) 2 v ER T PR AR I (O<SI<(TS|), 34 i A /N B K 17 I
JFH (i, labely (V) 75— MIIRAE N v B 28R, L4 labelg (v).

FEAHR 2008 B G oA 15 0 v A I R Ab BE B tabley (v) 2 v FERS T P K B 22 (0<Si<(TS|), 4% i /D EIRHY
JEFyKf (i tabler (v)) B NBIRAE A v 528 th 34,10 0 tableg (v).
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6 R o3 B BT R B TR A u AR AN B AR AR v, 2 ANTE R v AR labely (v) B H R AR

1) FEUETT A u L KT O<SI<|TS|, 4351 A table (u) 1 labely (v) A I 1 (u) KL (), 7H50 u fl v 78 T
(KBS, 104 d (V)

2) W T RMTH O<I<|TS|Hff dy. (u,v) I /N ETR AN label s (v) il HY (j,labeIT’J (V) SRIEEH TZE:AE T,
M ou B L E] v,

538 4. BSROUT Jy ¥ 75 Z (1 T 4b BL I 8] 24 O(cm+cnlogn).

E A TR PR R 2 LR TS BOAIE RIS TS i AR BRI ] TZ/ 7 vk HEAT AR PR (h 26 2.2 5 mI 40,038 TS 1
]S4 O(cm), % AR I TZ #4167 v 0 AT AL BRI IS 8] D O(m), Hl Peleg J5 ¥E AL BRIV (8] 9 O(nlogn), Rl i,
S TR FE 1] 25 O(cm+cnlogn). O

5132 5. BSROUT J7 it & (g R AN 15 i qd Fl O(clog?n) LR 11 # th R A b ich.

IE AT G RN Y AL v, B AE TS (4B A2 Sops H H LR e v kI labelg (v) £ 75| TS| (i,label{i ),
151 3 2 7 401, A 50 O(log?n) EL, h 51 B 3 7] 1| TS|<c+1, Al i, label, (v) (K B 4 O(clog?n) ELA. [l B8, 7T L7
i tabel (v) 1K/ O(clog?n) L. O

132 6. BSROUT Jy ik HA7 4 5 LK R A (1,b), 15 FiI O(log?ny HLAF iy £, 1 6.

UE B - p % S 20 T, 2R A U ) E AR R v R IE AN R u R v BE RSN TR TZ
SRR o T DAL 1 B8 Sl O(log®n). T T HE B9 BSROUT Jy 2 B A 18 70 4K R 5 (1,b), B G Hh IR 52 5 A
A u,v, B path’ (uv) A TR u i v R 48, SP(uv) s u BT v 78 G P IR IR 45,42 d(u,v)=|SP(u,Lv)),
TIF B [path’ (u,v)| <d(u,v)+b. 4> 3 Firiis i 3k %

1) AR u AV AE G AR AR SP(UV) ANV S FEAR, B u B v i R AR 0 DT I AR I G R T

B To R HE7E To P % 1,984 F |path’ (u,v)|=d(u,v) < d(u,v)+b, /&7 ;

2) W SP(uY) AL KRR T EEE T b2 I — AR BEAR s, s=(u V'), BB 2.2 715 1R AR OIS 4R G A B
L ALATAE— B TieTS, LA u'sl v IR (B u),BI4 dy (u,v) < d g (u,u’) +dy (V) =d (u,u’) +d(U',v).
iy w3 T 45 B 4 SP(u,v) b, 57 B d(u,v)=d(u,u)=d(u’,v), 3t dp (u,v) = d(u,v). BT dy (u,v) 2R,
] path’(u,v) |= d; (u,v) =d(u,v) < d(u,v) +b 7.

3) W SPuV)HE A k A RERR HARSEHS /N T b+2, %558 u Ml v 1 To I ER 85, B dy (u,v) . E 5 [path’(u,v)|
< dp (U,v) ESEIEMIAT Y 75 To s AT — DA T u A v (K83 3K AR 2, DO R u it v e To 4
56,8V R U TE To hIHLAE I 4 645 do (u,v) =d(u,v), X 5B SP(uv) T A SR P . 4 w o u Fl v
7E To HP IR L FIALSE, i d (u,v) = dy (u,w) +dy (w,v) =d(u,w)+d(w,v), FTETIER] dy (u,v) <d(u,v)+b.

Pk u Rl AE G R IRRE B d(uv) R4 T dy (u,v) )0 SP(u V)Tl A7 75— BB 48,55 u v 1 To b i de el % 4%
BB — AN 30, an 18] 2 T (woA u Fl v 78 To Ml 25 [FAH 26, 58 I 4 38 7R To b P /1 pit - (] P 5 0 1 12, 4 42 x
Fy BB iZeR s x My 78 G RIS B A%). HAX BB A% I PIAN i s 23 A AE SP(u,w) AT SP(w,v) b, 54 x Fily.
BESi=06,yi) 2 SP(xy) LT R 4B, 1<k, & SR (%, Y,) A % A1 Y 78 To IR IR A%, ) SP(xy) L A4 A7 7E

w gL AKE SP(xy) BRI A EEERE s 1 SP (%, ;) BRI AR B x 5 y £ To 0 S B4R, B AR A w,
X To WA E L SP(GY) B AR E— & HEAR sE0q ) 8 SP (X, y,) B w TR AR AE dy (X, Y) =
dy, (xj, W) +dp (w,y;) 241 dy (u,v) =d(u,w) +d(w,v) 5

d(u,w)=<d(u,x;) +d(x;,w) < d(u,x;) +dp (X;,w),d(w,v) < d(w,y;)+d(y;, V) < dg (w,y;) +d(y;,v),
FITUA dy, (u,v) < d(u,x;) +dp (X5, W) +dp (W, y;) +d(y;,v) =d (U, x;) +dp (x5, ;) +d(y;,v) SR

d(u,v) =d(u,x;) +d(y;,v) +d(x;,y;) =d(u,x;) +d(y;,v) +1,

Bl d(u,x;)+d(y;,v)=d(u,v) -1,
FrEhdy (u,v) < d(u,v) —1+dg (x;,y;) FRAESELR I E X s; KB length(s;) = dy, (x;,y;) B/ TEREE T b+1, T
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Lhdy, (u,v) < d(u,v) -1+length(s;) < d(u,v) +b .5 J5 15 i | path’(u,v) |< dy (u,v) < d(u,v) +b fFiLE. O

Fig.2 llustration of the shortest paths between u and v in T and G
K2 ulyvailte Tofl G Eims kit KR

3 (AEXE

0T UAiE BSROUT Jy VA 7E ToAR P 2% 1 0 201 R0 S B 1tk 8, BAT 193 3 AN J5 T T e T 47 B4 SE30 1 56
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Fig.3 Cumulative degree distributions of scale-free graphs and their backbone trees
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Fig.4 Length distributions of shortcuts for scale-free graphs
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Fig.5 Relationship between |TS| and b
K5 RS b SACERH I UL TS| 2 1] ) 5% &

6. K 7 45t Ti247T BSROUT J5 vEA5 21 (1 ~F 34 4 1< 2 5OR0 A 11 5% 32 2% 4% LL 451 (N=2000 (< k)=6) .k T {5
T UEE K1 3 A1 2R B0 P A3 B R g o 2 b 23 i R s A B AR 1T I S B B AR T K
1 LGAR, J5 35 2 7 A0 F AR 0 P 3 K 5 de i AR P 3 K B I 25 (. B D IR e TH AT L To B9 - 4
B 2R 5 AR BE AR A B AN DR 38 /N 1B B 4 A 38 o 2D 5 0 LR CIN B 20), 5 — 25 #0042 i A 19 m06F 48 FH 4%
8 0 o B B ARG AR G SR AT IR Fi b T DU I, A FH AR 20 PR AR 390 7T LA ASESF 3 A R 0 R AR A, BLOK
A8 FH B AR R S B AR T BA LU H A 1 3% 21 B PR BB P RO 1.26 BE % 1.06, AL
1T 80% 1) 5 1248 FH d5 0 B A2 0 1 PRP I, U I AN 1 3 & 21 B, 339 5 SO0 K R BN 1.21 B3 1.04,
HLAT 909 1) 4 4% 4 FH i e 6 420 S 8% A3 P RO RE 2 (040 PR &I B IR B EL BA I BE 45 3 o i W R P iR B SR
IE,BSROUT 772 B A B i 1) S B Pk .

© HEBEERAET hitp/ www, jos. org. cn



1740 Journal of Software 2kfF 4% Vol.21, No.7, July 2010
1.30 1.2 _ 10
) - S <
2 125 g 10 £ o8 .
8 Z I ' P
< o 120] \ g 08 \ 8% ol o
= 8§ 1.15] £ 0.6 ® 2 .
E® 110 g 04 g 0417
= .10+ \x : 4 \. % s -
$ 105 . § 0.2 T g 027
1.00 b Y Y S —
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
(TS| ITs| IS
Fig.6 Observed average-case performance for BA graph
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Fig.7 Observed average-case performance for PFP graph
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Table 1 Comparison of performance between our scheme and other schemes on AS graph
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