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Abstract: The distance information between nodes in P2P network is the basis for achieving topology-awareness
which aims at optimizing the applications of overlay and solving the problems such as network monitoring.
However, it seems infeasible to accurately and completely measure the distances between nodes due to the
characteristics of P2P, such as being large-scale, self-organized, highly dynamic and so on. Consequently,
researchers have put forward various prediction methods, and currently the network distance prediction technology
is emerging as a new hotspot of research in P2P area. Firstly, a research framework is proposed, based on which the
main aspects and the related technical issues of the research are analyzed. Meanwhile, the research history and the
analysis of the classification are investigated. Many typical methods are introduced and compared. Lastly, the
metrics of precision, as well as future research trends of network distance prediction is reviewed.
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IEAE K, % 78 7% M (overlay) I BIF 7T 48 il P2P (peer-to-peer) SIS A ST v S 2 — OB 2 2 T B 25 M

{19 )% FH , a1 Napster,Gnutella, OCEANSTORE™ Kademlia® 4 5z £ 3t 52 & %; ;SplitStream® PROMISE™ Bullet!® 4%
KIS HHE 73 K 2583 T 40 A 308 75 26 (DHT) 1 45 1 AL P2PTE 1007 FiY A K, 1A 25 43 o I 2% (CDIN &% L= 3k 37 1 0 A
BT 40 AN AR G AR, 7 v W i L N R AR S A BOR R4S A S R
1 i 0 ey s T 100 A e 0 b R v A, AL M, T S A R LA A B S X

MR A8 B BTE T BRARAT 5 W ) 4835 14 )i 2 (latency  stretch, 5E Sk 7518 575 25 W vh 4 &0 IA) B 43R 5 76
B 2% v K I T TR PR SE AR 2 B, DT TR SRR E A B R 4% e 2 ) R SR A L T D, 4%
2 (network distance, 38 7 & B 48 1E 38, — % LA round-trip time, B} RTT 2273 ) & S HRE M 3 G0 A0 LA [ ik e 4 2 3
by I T 19X % 002 1 N P, T D 488 W . 9 %02 T 5 ) B

SR, B 1P 8 AR 180 A W 47 DR 0T 199 % m B A 05 s 2R AT 58 4 T B 5 0 7 TR S o T W 2 A R ) T ofe -
2571 BB P K A A 56 4 R R N AT & 3 T B DA T R R ) 4 A ) A 0 e D A A B R R
T AFAE S E B ANE . T IA M A ) B, A B A AR AR TR VA AT IR L R R 2 IR AE A AT 4R R
o 3% B 0 RO B AR, LAY/ ) 435 5 LA A5 0000 K 5 A LA AL 52 s I3 FH B 75

1 4% EE B T 32 AR 5T A

A ATAE R A 90 4% P B TR R B STHE 2 () FE Rt b T 4% P S TN AR BT T 0% 35 O 1 L A
KRB HE R AR G AT T AR R 0 1 S i B de S B8 1 T % b i T A [l 4 s v 114 40 257 V.
1.1 HRIELE

90 2% S RN B AR 5T H I 0 AL T W TR B BE, AR 32 3 2 R FL R )2 R0 AR T K 22 U 5T 34 £
P AE B VS IR AR BT B, SR 2 TR B VR TIE W R SEZ o 7408 2B 475 224 7 A0 AR SRBIE T A 16 B . 90 296 B 2 T 52 AR 5
LR P RE A% T K A 3% S LS AR T ST RE S ] 1 P,

Non-Coordinate method Coordinate computing method

ili Coordinate styles
Additional deployment Scalability J

1 oloyr Embedding models
Timely monitoring Computing process
Server support m Landmark distributivity
) Clusterlr}g ) Solving TIV problem
Oriented applications w Landmark selection strategy
Accuracy inconsistent

i Convergency
Typical methods m
IDMaps, Internet Iso-bar, _
King,Turbo King, Deployment Typical methods

M-Coop, Meridian GNP, TPNP, ICS, Mithos, Virtual
Netvigator, iPlane, Binning Landmark, Lighthouse, NPS, BBS,
) . ’ Vivaldi, Pcoord, PIC, IDES,

ASI
OASIS, ete Hierarchical Method, HNDP, etc

Fig.1 Framework of network distance prediction technology research
1 025 s T B AT 5 AT 4

B 1 7720, 0 2 B 88 T B R I RE 9T R 320G TR A e . Ty el = TR (R3S v S B R0 A5 F
BY) Atk SR rE . SERR IS .

AR FH 199 4% L 88 S0 4 A e 5 SR AR s B 10 T 2, T LUK C K] 4 S A A o L 285 900 7 7 A ) 48 A A T B
D51 RIS KB 4 2 7 DN WS SR AR TR R T BT A IR T R AR i L R - 4 63 1 b 20 i 9 2 v (R A
JFE X 53, 3 A2 RIS A S 1R AU a1, TR P L PP SHE 24 rp SR b 3 28 vk A A o 128 TN 5 9 32 B A
IDMaps?% Internet Iso-bar?y), DDM!2®! King!?? Turbo King!?®!,M-Coop!?* Meridian[®! Netvigator(2614s ; |5 £ Al f7:
W44 75 ¥ 32 47 :Triangulate  Heuristic?”, GNP 1CS2% virtual Landmark® NPSEY Mithost? Lighthouse!®,
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Hierarchical Method® BBS(euclidean and hyperbolic)57, vivaldi®®® PICE¥ IDES! Y pCoord(*!42 HNDP!I %,

BEAN, LA P9 ST 7 35 T Qv 1 L Ak e A (] S AR AR T 7 ¥ D3 T A S T o e ) A A T
ROBE L SRS T BUUMIRSS 28 SHE TH) AEAARY L o ARk DL B 77 SR ek S5 Il 8T T R 4% AN AR T A % )
FAETARFRII A . ARFR AT RN (28 AR . ARAR TSRO RE . = A A S5 i 6 (triangle inequality violation, i
FRTIV). Hobr(landmark) 20 Atk HbR e £5 5506 . R B2 A — Bk (accuracy inconsistent) LA KOSt . 224k
ST TS B 2 53R T 5% i ) 24 2 Tt A S P A 6 = B D R G ) e e TR 2R

‘ Practicability ‘

Scalability Accuracy Cost Others
Embedding modes
. . TIV problem . _—
Centralized/Decentralized . . Oriented applications
. Landmark selection Coordinate styles
Additional deployment - - - Convergency
g Accuracy inconsistent Computing process ) L
Server supporting ] Timely monitoring
Clustering
Metrics
Security

Fig.2 Main aspects that affect the practicability of network distance
prediction technology and the related influencing factors
2 SR T 2% B UG A S FH R £ = T T AT OGS R

b1 Pl 2 A T 4 8 O 7 9 1 £ S I e R BRI T O VA ORI L T R 0 A DL e Tk
(RPBCSSCTE SR B SIS I s 5 g DL T 7 P TR (¥ 2 2 5 0 DR 3 1 ) 2486 AN A 1 55 D7 ¥k mp Bk 1) 43 A 1
£4% 4 5 (centralized) 143 417 3\ (decentralized) Hi b 7 A AR A 2 25 T 77 925 v AN B 5500 3508 28 R 5K e
2% 2% B SR A RS I U T ) T IR A AR A ik AN B B FE BRI ik A\ (Euclidean embedding) AT EE BR K ik A
(non-Euclidean embedding) % 2 141: = iy A< 45 E 3 9 TIV I % Hb b 26 45 5% W 60,45 B8 BL (random) 6 4% . f2 3T
(closest) i & R A5 (hybrid)ZE ¢ 3 Fift B0k i AN — S50 i) F, 2 4 o 1K 180 R0 660 B 1360 s A TOUUR B2 A fie 31
50 AN BEIB B 4 Ja3 S5 I 10 100 A8, 43 A Mk, 20 75 R 0 A A5k B2 v X 4% B8 3 YO 40 O R, 428 o AN [ 0 4 2 ¥
o TR ) 45 TR 25 7= A B K 2 4 A Tk AR 2 S T B T BN B AR HE (metrics), [/ —F 5 VR R
I 1) FE 2 A T DA 25 8% TUMIDRS 2, 4% A A0 AR [ A I R 405 T - 3 80 5 08455 8 R T B R 48 9 0 40, %
AR TN 7 9%, I S50 T A JA0 AR T 52 /N 3084 480 D) 0 e~ AN [) P40 R0 SR S o - AN A TN 5 ¥, 3084 8 O
TR IR A5 T8 20, 4 Piggy-back Jy =X, F A5 4 8 3L At 5 AN T 55 F 5 2 22 52 AR AR S T DL R AR A o
AR 3ok KD 582 00 AJA A% T 355 240 5 A8 A IR o AN8 A T4V o, by 8 o A1 A L AT A JBR (10 AN [, 8 D0 AN [ 6 A b
AN B FF R AR 2 O AR b I B B S K T R DL R R Ay B R U v, R A I AR bR
DT R T 1 T LY = 3 s Rl 24 N R 3
1.2 MiRAE

RS R 5 AT 52 280 2 2 o % 7 R ) e I8 e 55 i P 32 496 558 ) il (10 X 8, 8 AR ) 2% 1Y T £ P 2
75 L AR, ER A IR PR 0 A T A0, S5 AR ) R B A T A BE DN AR Internet FAIEEN 2 A FL IR M Y, L AR AT
BEFR), DRI A7 7 4570 1 246 B2 DM 50 AR U A 3R 1 2 SRS TSP, 21025 1 8 3 L 7R 16y o) 2 8 0 T 7 9, LA %
AR BRI LR 18 SC A 3 1A 2 Tl SO0 1, iy S M 3 17 B 88 T B AR 5 0 1 ol 5 L5 W R A G I 2% B
BN BA RO A LR 1R pr ) i, e AT R S B AR 2 7 i,
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Table 1 History of network distance prediction technology research
Fe 1 PGS EE B TN ARAIT 5T s

Time Method Research institution Proceeding/Journal
2000 DDM Stuttgart University INFOCOM
2001  IDMaps University of Michigan,California TON
Internet Iso-bar U.C. Berkeley SIGMETRICS
2002 GNP Carnegie Mellon University INFOCOM
King Washington University IMC
Binning U.C. Berkeley INFOCOM
M-Coop Georgia Technology Institute WIAPP
BBS(Euclidean) Tel-Aviv University, Israel INFOCOM
2003 ICS Seoul National University IMC
Virtual landmarks Boston University IMC
Lighthouse London, Cambridge University IPTPS
Mithos IBM Research SIGCOMM
NPS Carnegie Mellon University USENIX
2004 BBS(Hyperbolic) Tel-Aviv University, Israel INFOCOM
Vivaldi MIT SIGCOMM
PCoord Massachusetts Institute of Technology NCA 04 ITNG 06
PIC Microsoft Research, Cambridge ICDCS
2005  Meridian Cornell University SIGCOMM
Netvigator Hewlett-Packard Labs SIGCOMM
iPlane Washington University IMC
2006 OASIS New York, Standford University etc. NSDI
IDES Pennsylvania University SAC
Hierarchical Method Purdue University, ICDCS
2007 HNDP Nan Jing University IFIP
2008  Turbo King Texas A&M University INFOCOM

FI [ P9 Ah AR 22 25 44 BT TG L2\ I 2% B 2 00000 B3 A PRI 98, A 50 18 S A 52 30 1 2% o 5 15 Gl 4

B SEHLU

4RI k. 2001 4F Francis 25 A4 1DMaps, 385 e AE S — T5 36 Atk 8 e IR 45

FE T S B N v A AT BT 2 TN B A 1 B SE R SORIVA (R, A A5k ok ek 22 1) 1 5 2 4 2 i RIAE
FUNLR I N 3] 194 2% B 85 700 B2 AR BIF 5T 14T %1t 41,2002 4F Carnegie Mellon K241 Ng 25 A 4% 1 GNP J7 1%,
6 3R 15 78 FH AR v B0 7 TN ) 8 8 3 AR A 90 28 A& b 40 i R T 9 P

e 1 AT, 90 4% B 8 TR 7 v B4R Y R BEAE TR AE 2002 4E~2006 4F, 35X — 7 T 5% 24 I AT 5178 i 19 9
28 7 FH A 5 i DA% T 8 KR S AL A B 8 TN F 5 B B BT B8 55 — D T, B T 2004 42485 8L 43 A X b A
VRS Vivaldi 1 H IS T WF ORI B R R M Ah, 25 A I 485 B 2 T T vk 2 TR IR AN S ISL 9 FE AR A7 A
B N AE I IDE R F TR R AR A G T Y IR AR JE 4 38T P A o g 1.

1.3 {HARHZE

T 70T P 1 3 VT 600, I T X % B 2 00 A R K 23 Ay TR S8 AR AR R B 2 TNy 9 AR IR gt A b B
1.3.1 ARAAKR I 2 T 75 ¥

A KR B B Ny 930 T 0 i 1 B & (direct measurement) (1) 05 TN R X 4% T R4 Y AR S AR S
R 8 32K 28 3 43 U 15 1) B2 8 A ROk TEL R TN T A 0T a2 T ) B A R, AN FH AT AR A1 A v B 1 T 3k TN

M 288 % A S A O % v S S — SRR R 1) Y A SR ) 5 A T S R K R T R R DL — AR

RECE RS 751 AU R R AU 2R B W L B TARER W AL A U 2T DNS RS 48 5 iR LA R A
FH AR Y 50 R 45 25 25 1) A D7 v B A0 AR 8 AL B 5 2 TR0 5 v S 19 B2 AR 8 ATAS [, O 2 A
P Al T 5 A8 P (proximity) £ T P 5.

o BT AAE k. T DNS RS A K HAR T %

B TP A A 7 B AEBLSE Internet B A5 o 3 28— SU AR RUSR Al B 58 0B A5 19 A ) (R B 25 TR0
AT R P50 7 A A R T AS [) A B Y A, 45 140 S FH R 3 5 (tracer), 45 1740 U SR FH MW 425 49 55 (moniitor) 5 0k T4
FHAY 5 4 A TN 77 v2: 24 IDMaps, Internet 1so-bar, DDM 45,

FT DNS 4538 7 AMG I T A s A6 7 VR 75 B3R 2 A AR BT T 2 HEE AT Internet
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o2 A A ) DNS R 4% 2% 5K 5 b i B T 5L T DNS JIR 4% 221 3 347 :King & JL it 7732 Turbo King £%.

149 9 24 B 88 3K e S Al A BE 28 T 5 ¥ 3 22 :M-Coop, Meridian,Netvigator %5,

o JH BEAN T 55 A8 M Al T vk

B A 2 T O B T SIS Y 48 v T I B A R P S R TIOR8 IR 2 B SR
(R 2 4 SR TR 2 22 1) de /MK 3X 2 5 32 45 IDMaps, Internet Iso-bar,King, Turbo King .M 48T P4k 71 77 V& 1)
AR AN 2 A0 T4 Jo Al T B R ORE A, T A2 000 2 A0 1 A PRI IE B, 8 Do 1) 72 J 30 A B PR LA e 2 g vk A2 B
£ :Meridian,Netvigator £%.
1.3.2  WEARFRTEH T

of Do) 25 AA AR T B 7 3% (RTAPE S 2 194 8% B 2 0 s A TAE 5 0 = A, I R A AR S i SR o o 5% ik N\ 11 7 K
b S T N et A IR R 1 s SR SN R s A T 1/ AN o L1 2B D Wt ] L R R = Wl V1 2R A Rl
T g TR R I B — s R AR BRI T ST A X 4 AR AR,

W 2% AR b o B 7 VAR 22, E AT W TG T A 1) 23 S bR AR AR IS AS R IR ATE 50 2 T, 1T BLSR A [/ 16 2 S b 7 AR 48
TR 7 3 b AR 6 23 A0k, T B4y Sy B v 2 bR A0 43 AT RS D7 25 AR A A (0 A AR SIS R T LA 4 D ) A A
T AR AR AR 75925 KR 405 90 4% BT 40 N 1) 235 T8 70, ) DA 43 g R B 8 N AR A R 1 N 7 3 P S 4L AR AR R (1 31
SR T R T Ly Sk AL A B e R v R O A v A A

o S o A X bR 5 v

AR CE A TR RE AL AL Y 4 th AU AR 7 7215 GNP, ICS, Virtual Landmark .

43 A b AR 7 V0 AN 7 R [ 0 10 MRS Y 8 AT AR 2 S AR Y A A kA Y s R
bR W AL AR I M bR B 52 7 ¥ B 4 Mithos, Lighthouse,Hierarchical Method,BBS(Euclidean and
hyperbolic),Vivaldi,PIC,IDES,Pcoord, HNDP Z%.

o Z5F AAAR 5 AN AR KR TV

2 355 AA R AR T AT AR R T 75 FR, ARG AR K 5 i 1 Southern California k27 ) Hotz IO 1, 2 Ji B 6 %
N2 AL 2 TR] F NS 5 0B (L<i<N) A S L7l 45 54 (base nodes), M5 a5 H A AR GH A8 bR g NZE AL A5, HL 2B 1
2y FCEH (L<ISN)A LA 9 0 KB B, R A (dyg, D, oo D, ) AT AR AR AR T N A BERE A5 20710 5 1,
WKl AH 6T AL B, 48 LY Lipschitz ik N R AT AH X AR B 1 8 AR AH AR AR U7 ¥k 32 LA (Triangulate
Heuristic,ICS,Virtual Landmark,IDES 2, fij £ %3 Ak A J5 v WAL 5 GNP,NPS, Vivaldi &5 AH %} AL bR LLAN F BT A 9 2%
AR THR TV

o WK IGHRA S ERR KR AN JT v

AT K 22 55000 09 28 AA i T 5 7 380 2R L IR BRI N 45 AR T, A 17 A8 e TG 2 W) A A7 A (A DGR3 BR 2 i)
AN ST 3R SR AR R G 2 T N ik, L7541 1 BBS (hy perbolic) B7RI A i 3 17) 425 1) Vival di P8 )y i2: 45 i
0 WA, AR K EG N 5 VEAE 5 FE R F A 35 v T iy ks e 1441,

o AR HL I B 5 10 5 0 T A

AN B R 5 v R AR AR ) 48 AR R 1 S50 1R I 2 P AR T AE DG IR A BELRUEE, 1% 28 D7 v L (W47 BBS, Vivaldi
FI PCoord. Vivaldi A1 BBS 43 7l it ik #5404 £ v i) 381385 g 35 Rk 7 273 1) J5 2K, 1 PCoord K F B 77 Ll >k 1
AL AR R AT AR, X 8% A bR S5 15 (K 22 B0 05 38 B4 S vk T T B R A S A O B A G
(R AR S AR AR

L3 L TIR, AT I 2 B TN B AR (K A 5 2R B 3 ok B A
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‘ Network distance prediction method ‘
Non-Coordinate method Coordinate-Based method
Assist nogle type Application goal @ i i
Y pp 9 Landmark type Coordinte type Embeddipg model Computir|g process
Centralized || Decentralize Euclidean Non-Euclidean
Proxy- DNS-Based landmark d landmark embeddin embedding
A Other method
Combination ‘ method ‘ method method g method method
method - — Ordinary
Distance-Value _ Proximity Absolute Relative coordinate Physical process mathematic

estimating method estimating method coordinate method method simulating method method

Fig.3 Classification of network distance prediction technology
B3 4 T R 7y 2K

2 EBIREEHTMMAE

A A AR BE 25 TR 5 vEAE Jy BE 2 TR AT 5 1) B A A S, 7E S s N v e A A X T R
BT — 2 W 4 B 7 AU B IR 45 48 ke S5 ] b R0 3508 3 715 a5 TR) (10 R 8, AT A i — 5 P S A o B A 0 A R) ) B
B AR YE R H bR S AN [, ] A3 Sk B LA T A AR A T W R X R 43 28T v DL E bRk R G
U 31 2 BO0F T3 BN RD. I TT DA 3 288 S il 2t 1 i e e 28 90 R AN A 2 8 TN B A I LA A 280 43
21 BBEMKITAE

S LA V7 9 3 DG Y V) S SR L i T R A T 6 d R B 1 4 R B A AR A R Y T X
Ty B2 5 SR PR 00 0 % 2 — s IR B R Bl IR 45 38 1 S 3%, 9 201 IDMaps, Internet Iso-bar, DDM 45 Jy 2
T ATAI R 0 AR BT A

IDMaps J7 Vil i 724N [ (1) 1 ¥ & Si(autonomous system, 8 Fx AS) BT 5 35— L8 BREZ Y £ (tracers), A 1T T
4% Tracers Z[A] L J AS 5 Tracers - [A) () XUz &5 44, A6 4 S5 A W ] 4 T 75 XUZ A6 0 0710 f0 A SR 00 R 2
FRGTRIM 0 25 A7 AT A HOPS [ 45 4% 1. AL I BB 2 Ak VR 7 =8 R SURFEL ML AB 2 [ (171
WEEES k) A BT Tracer T1 HIPEES B 2 H 53T Tracer T2 (EEES LUK T1 2 T2 22 8] f 56 B 42 HE B (1) SR,

Internet Iso-bars& 2002 FUC Berkeley 7315 1) Chen4i A4 Hi 1 — Pl It -T2 1 110 78 i Y B B85 ol 7 v 9
A TN 5 BT 7R 1 S8R AR 43 7% 7 105 99 245 Hh (RIS T 250 BRK A 8, L UG AE A AR I Hp TR — A
BE 355 £ (monitor) i M AR 55 7% N 45 1 R I B 2, J) ST 1 b B 5 R B8 2 o AR T e i A R v A I R

BN R AN, ELm ol B 0y 2 AR O B B, = () 7, B
S AR A B mm U d, =4

I Ah 5 T R AR B Y S5 T Y 4% B 9 (#3447 DDM,M-Coop 2%.DDM 5 IDMaps #1424 ] 2 4b 72T DDM
& Tracers 4122 kg, 1 7 1 sl & R I8 D1 & A2 KR AL T Tracer;M-Coop 1) 3 3 41l HY
BGP(border gateway protocol)$i 5 o ({5 JE ORI M 45715 55 10 AS 0 Fh B A — N0 A U B — 4 /N B B o
b~ R R 5, 2 AN 1P Rtk 2 R) P R 2 T A U Ak 28 U b 3R AT 22 AN D AR SR A B A V.

© HIHBREBSAHIGIT  http/ www, jos. org. cn



1580 Journal of Software #ifF%4% Vol.20, No.6, June 2009

T

) é}u;ter CV b\

A Landmark \

‘\ l"; @ /‘ . Monitor \CS O/
Nz

Q End host

4 IDMaps #i$h & 5 Internet Iso-bar #i4h 45 #4
Fig.4 Topology of IDMaps Fig.5 Topology of Internet Iso-bar

ZE B n] A, A PR T AR B Y AU VA R s R B — R R U DG 11 43 7% U5 5, it IDMaps Al DDM i@
i IP MR 4R 0 7% . M-Coop ik BGP R 215 K20 #% .« Internet Iso-bar 38 i H 25 A A AL 20 #5565 — Bl AQF
N A LE AR DS 9R $h 45 4, T IDMaps A1 DDM @ i Tracer 4E37 )5 &5 AS . FH HOPS JIk 45 #% 437 4 /& Internet
HE U4 41 B Internet 1so-bar i i Monitor 4E47 J=) 5 ¥ 0 B 55 =38 2 38 DA B A8 H BRI 4R v i 2 TI0 11
K T AELIR] BF 2 38 24 4 R0 BRI R A 305 DU 2K 5 T — R BUR B AE R« A Rt &5 (i R T 6 8, 25 5 &
S R TR TR A A

King 7755 B AN A, SR 75 BN B AT A AR E Y w41 A M2 R Internet W) 32 40 A
f) DNS JIR 5% %%, /& H i % 2 i — Rl 7e 2k B I e 07 30 King 38 5 388 V1 75 ) DNS 7 24 52 I M Al 454 o 7] %
IR AG T 7208 0 5 WA B B g0 1 DNS 22 0] ¥ 2B 3R 224 103K P A1 o 2 ) 1R 6 3, A P 6 s

Host A

DNS near host A DNS near host B
Fig.6  Measuring principle of King method
Kl 6 King Jy izl & s 2
2008 4£,Leonard 25 A EFEAN 43 AT King RORS B AT R PEAS iRy S5 AN A2 1R k32 Y T Seidk i Turbo King,
BRI T King A AL A AL R IR 5% 4 T AN TG BT AR ) DNS A0 s A5 RUAE RS2 24 vh B4
LR R A T 45 7 5 U 2R A7 V5 e R R AN v 55 i) .
Zi LR ER B AN v 5 i, FEIE R RO S — i 2 O RN Y A R T R U SR O v SE I
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B A B A T R )4 R A5 I R B A O AN R B L TR TR R Rl A R 4ME B R kA
I P ek A b A A T B AE R T SR E RS S 1P kAT R X AR A AR 1P ANGIE S SR e kT
W28 = 28 7 AR B — s WA BT RUEE MR 4548 00 SRR, B T b 2R 3R 15 s B AR T, 5 08 1B s L R 5%
W) 7 325 PR P o P B T L 0 288 ¥k ol T 2 S N oA 0 I A D (R R 5 SR A s R B R LA TR A RO

AN, 75 BRI 2 King J5 2 MR R A% :— J7 1T 1IDMaps, Internet Iso-bar,DDM # 2 LR S 11 5 FUHE H k11,
1M King 77 ) & B — T AR 1) 7 2038 H oK 19, Kling 778 G IR /2 4E Internet Hh 2 4] 75 25 b 75 380 705 2 10) (¥ B 125,
DR] bk 12 J7 325 1 2 P P AR 5, v DUFE b — B BoR T Briag F-F Jo sl o7 v 24 vh 50— 5L il T King J5iE AR 2
BRAN AR DG 25 A AN T AR o IR 55 S, WO P i A S A e Ah Kling 7 925 2 — Bl fE 28 1 B e
U7V, AN T B I A DG I A HE T SRR A5 I A
2.2 SBIEMEMEIT AR

AL S S AN A 28 TR0 5 ¥ DA S o I8 T 099 A JEE EH R, T e DGR T A A S A A et A T R T
AR (1 BB B, M [ 45 Meridian, Netvigator,Binning,iPlane, OASIS% J7 123X 46 77 V5 (19 4 R A5 B 5 46 T4
A ) S A A S5 D0 T 1 2 v, 7 1 B 99 e DA O 7 e OO0 A A ) R o, mT R B — S LA Bl
I6) 45 K e 4 80 2 LIS B 25 0 (¥ F 14, dMeridian ) [/ 0o FR . Binning ™7 Fb (9 40 A 45 #ay; th W] B A B — 2 1O 4 B
15 Kk Hg 5 25 0, I Netvigator H 1 ] % iy 288 D045 5L L iPlanel*®471 15 530280 1ty g 4% 4 415 L. OASISI®l e (g
Hh PR AT A B

Meridian i Carnegie Mellon K21 Wong %5 A T~ 2005 442 i, e FI FH 36 - B 82 00 & 712 R (V0 A2 L 465 4 1T )

2002 4E,Ratnasamy %5 A HE F 34 (binning) J5 20347 4830 2 0, 51 F T~ 74 5 90 A4 45 8 1 el 4 &
023 MR R R B SR AR BV 1) PR 1) B, R K B A ARARUE 5 1)k )V SR 43 2R A [ A b DU B 4 BRI
H .

B 506 5 (1) Sharma 28 A AE 2006 4E3 1Y T Netvigator 75723, 38 15 #8390 /N % H A 1A% 7 A0 o 1) % e 22 (R
1 Milestones) Al Fe 3T 1) 715 r . 1% 7 V2K BB 2 A A6 T30 0 39 IR 1 25 6 42 1 1 Milestones 1% JE K 38 4
Binning %5 A J5 i1 (R i 43 % (false clustering, J5 T~ 5 A7 W HbbR 1) 52 19 54 4B AT 250) el 85, PR s £ 15
TR A A SRS RE .

AN, Chens A H 1t WNIMSIOL 7 v 7F 530 a0 42 3 0 A0 S8 DI I e D Ak AT 30 1 933001 s iPlane M6 47 it S 31261
$% A P R 475 Traceroute il it e 45 16 I 2% 41 40 7 S K il B A3 i B¢ OASISM 8 R 4 Fi] b B iy 4% S 04T 4B T

DL 030 Ak T 7 19 56 S B N, AN TR PR e AR IR T o 385 34 5 30 1 ot 199 1) AL, 5 v ) L s WL A 5
L5 W0 SRl E 5 YR AR LG AN B T A7 A JF B R84S T4, 10 EL 5 125 (0 SIZ I 3 38 48 B8 /I, T RS 5 5 v

ZrAr bl A S 00 AR AR BRI 2 TIN5 vk, AN ] A T EATTHEAT X bl S5 R LR 2,34 N =ML (hosts)
B,C NFEREH K A ihrE,M Jy Meridian J5 % h BB H .
3 MELFRITE X

W 2% AA b 555 v AT ok B 8 TR e AT 1K 25 I U v e TR g R P T s e e 1 LA
23 1) 22 o 3 5 A AR SR B A Y % TP Y s R LA 2 ) e A I ELRR R T R (0 AR AT B SR R AR P B

g A FH AR R TIN5 1 v S BE T AR AR AR 1 = A A R 2 (triangulate  heuristic) 7 5, TR by AR €
RGP AEAEHLH2 AN 80 HAHR AR5 230 (A g Aigp, v gy, ) AT (A 2Dy oo O, ) P25 1Y 2L
diye, — e ).
R L, U B L, U AU n] ik o455 55 1) 1) 85 39, 1 Guyton F1 Schwartz 2719 4 T (L+U)/2 £t T 85 85, I LG Al v B
TR 55 5 35 4% I 0L, AR T 4 TR 3 I LA SR AN BARL e B — ol g S 1 LA AR A 1 3 00 2 5 11 Oy .
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Table 2 Comparison of different methods that based on direct measurement
2 AR EAEARFR TN T V5 2 8] % H
Property IDMaps Internet Iso-bar  King Turbo King M-Coop Meridian Netvigator
Triangulation . . Multi-Resolution . .
- ; Lo - Active measure with - Using milestones to
. . inequality, Similarity-Based Using nearby rings overlay :
Main technique S . b AS graph and BGP . accurately locating
proximity-based clustering DNSs distance structure and gossip
R reports closest nodes
clustering protocols
Measure cost O(C?+N) O(C%+N) O(N?) 0(C? O(M*logN) K*N
Scalability Restricted Restricted High High High High
Accuracy Low-accurate Medium Medium Medium High High
Timely Yes Yes Yes Yes No No
Additional Tracers and . DNS . . Milestones
deployment HOPS Monitor (Internet exists) TransitAS’s No (Internet exists)
Clustering Yes Yes No No Yes Yes
. . Closest node
Primary . . Constructing Improve content q :
L Nearest mirror ~ Overlay location . PRI discovery, locating L .
application . : topologically distribution and g Proximity selection
selection and routing - A nodes with latency
examples sensitive overlay  overlay multicast

constraints

FLIE R S EIFaa R0 AR oF 87 2T 19 45 9 125 1902 Ng 58 A3 GNP 7k, A o5 ik i LLE, M
2 AR BRI IE X A S TN B AR TE 5% A R
31 &R AE
AR AR H b b 7 v Hp b T R ] S 1 P S B 11 2D BT Y AT P AN K v, I H R
{19 4 A1i 1 — A e S A ST A AR B — D THD 90 DN )5 s ] L B ) 03 28 1 b 09 s, AT sk
T HINON T A YO AR KT 5 T, T I MR R B DA B 4 A T A, AR R T B IR R S AR T
A 200 77 vt 2 A B0 R e AR b S R Y R O AT L ORI, 3 B R A ) R A2
B BRI, T H S R R B I G e A v DA B AR TR 8 R g 4 b sU M BR 7 VAT GNPICS, Virtual
Landmarks Z¢.
GNP Internet @854 — 52 i 5 1) JL A 2 ) (40 &1 7 ) 4
Do 28 18] 2 BT B Ay R 7 i) o (1 o o 46 6 A A B
T3 10K VRO 09 5% (2 g AR A T B a3k R 5 1 e B R T
7 A8, SR 5 B b A 1 P A1 b R 28 b F R B T
> YT R AR AR T B SR TR SR AN TH R 2 S B R
FE (W — M 2 Y 4 Ry dwe /N ) R, H A AR 22 5 v mT LR AT 3 A
sk fi# GNP 1 | FH Simplex  Downhill 77 v PO 45 3 A k7. GNP J5
VSR I 245 A o 1 7 XTI B 2, 55 A A8 BR TI0I 77 V2 A0 L8, KT
FEDED T DN (0 T4 LA S S IR 358 25 6, TO0I0 RS 5 A 6 v AR
"B TR I A 7 20 2 v QMR 5 R 10 S A R Ak DA R AR 2R Mk v ST
B ALK 8 ) L
5 GNP A3[d],2003 4, Seoul K271 Lim 45 A2 Hiff 1CS Al
Boston K %% Tang 55 A 4 i 1) i fL Hb A7 (virtual landmarks) /7 3%
FHAF S A8 AT 7 v 11 I 28 A A 75 1CS T Virtual Landmarks 57,558 15 5 1 2% 3045 b 5 50 1 8 9 40 KR A5 9
DABE 29 ) £ % 337, I P 48 8 55 T b 0 s 940 B L9k FE 2T Lipschiz ik N 24l R H PCA(principle
component analysis)4; AR e ARG 4 1 LL3E v SRR
Lipschiz i A 2 KR 2 i A 1 — Bl R 2 0 onf T4 2530 A (0 AR AR 1A i e R™, U i B35 T0 2 i B AR
[ 25 Lipschiz ik A B A 52 BAEE 254 g Ak b 1) 76 28, S0 45 R 000 RS B0 24 90501 5 B 2 2 () o (0 9 /S AL 91
AT 1 AT 52 10 K AbL iz 3 21,
P T S A, 22 A I i T T ARBL R, I 4 SR F PCA B AR I I AR ARL ) i K D ) 4% i) o

Fig.7 Geometric model of Internet space
B 7 Internet (1) JLA 2 [ 45577
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TS Sy S JEE S /N TE A R AR A AL LAk A B L ST AR AR TSR BB T ) R P T A B AR R B AR
P B2 35 1) o, DR O D 9 Ay X % B8 U R ) 40 R D R T R AR s R Ml i AR, R 4k
A 1) 5 3R T ST A AR AR, LT AR I e T GNP 25 5 PSR T A AR 2 VE AR 7 R it e A, il T R AR
T AR R Y A A5 T AR A I b K SR BT, DRT b B 358 40 b 2 S50 T T 7 4R B A AT AR AR T
S IR R DR384 58 1 ) V2% P 8 e P R

B v U AR 515 2 g N 4% AR b E STE 5T S B4R R 1) D7 2%, B Y A AR v B 8 T 7 R A T v R
AP T P 4 P QR 0 SR, A 73 07 2 TR RT3 T R e A i A 2 TR WL 5 A AT 9 K 22 2 A6t S5 4 A 3 Ml A
75 30 LA TSR FH A 06 AR b BRI A A P F S R Ol S BF 7T B T 1 S 1) S A,
32 STNMIRAZE

o3 A1 2t b 7725 7 Vel G A v Xt A 1) 0 B 0, R e U HR AR R R AR Y RS R Oy b A T A
FH I 5 (9 1 Sk k. H R UE 2R 5 1R 2 AR MU Lighthouse,NPS,PIC,IDES,Hierarchical Method,HNDP,
BBS,Vivaldi,PCoord %.

2003 4, London K2 (1) Pias 25 A 42 H 1) Lighthouse 77 ¥ 5K FH AR FRAZ e 1) 77 20 ih S 25 Ak b R G v 1 0 1
SE N4 SR A KR IE BN (R4 5 ST I LRI K+1 AS(K hy ARHR 1 2 155 ) b 073 A0 I P B4 JL, O T it
Gram-Schmidt i F2 V1 55 3 5 35 Ak bR 36, 4R J5 0 I R 38 5 4 R Ak bR B 10 B 45 B R T BB T A 4 R A
¥r.Lighthouse 5 ICS,Virtual Landmarks A24x vt 55018 5 AN 8], AH 3L 8 55000 52 T AH [R], #4502 400 i A AR (1 2 11 A 460
S, DR b G SRR B A /N AR T 2% 7 9% 1 TR 56 1) S8 2 A i A A B A o 4 T [ 556 WD, 45 365 110 2 490 4 B LA
T Y JBE 130 H AR R A — AN T 1 )

NPS J& GNP 1153 77 7%, 55 GNP AN [l ¥ /2 :NPS v A7 1071 s #8 ] LAFE S M, 5 HL bR () 3% 5 A2 BE LK),
AR IR TR T 1 B ST AR R R Y L SR T R AT R NPS K AR Y 2T A SR 2 K S
P DA 47— S0 i f0 300 e ) S0 R 00 T 1) 3R DA 00 St s 0 A e ot S R Y G I LR R R
Guf) e A ME A NPS B IFIT T ALK 28 55 110 52 B by g i) AR T e BUE AR R 2R 0 5 B 30 38 A0 AR A1 4 2 T
W 1 22 W AR g e 14 T

2004 AE AR FTBE I Costa s A4 H IRIPIC 7 v2: 1 S F 5T 1 b 326 4% S s 1) R0, 38 3o xof U REATL  Jmcdl v V4
3 b bR 3% R S HL AR S R LT 8 B BRI B 0T A AR bR T AN B 30 ) IR PRSP AR — B0hE ) L
[7 i 4 Hh 90 2 3t 8 6 £ 2 2 P 6 o 47, 28 1T Zhang 25 A BB Hh 33 T T 5 S5 % [RDRE S (6 At 000 7 A 288 284 4 B

5PIC T #: 2 LIK A Florida k 2% () Onbilgar 25 A 42 H: i TPNPBYRTIBM BT 5T Bt 1 Waldvogel 5 A 42 H! 11
Mithos!®2 5 7 TPNP 7 7R HI — R i P2P 4 1 o 78 [ 5 o 387 o 0 40 5 St ok, 97 0N 149 0 5 BB L8 AR
25 FR AR Y a5 4 A Sl b bR s Mithos 75 25 30 86 I 8 05 30T (9058 4 1 s A Sl S bR b 4T AR bR T 5 1% T i T R
TR AR LA s AT e, AT Sl A5 JF A A K

AR AT PIC 42 HY RS 1 A — S0 17 75,2006 4 Purdue K221 Zhang 25 A LA & 2007 4E B3 5 K221 Xing
28 N2 W4 T Hierarchical Method A1 HNDP J5 .

Hierarchical Method 5l —Fh 2 k38 7 R H 2 A bR 42 & F 55 2 AN AR bR B — AN AR bn A bR 42 4 5 Y
A TR] £ B 8 30 TR A8, — A A P A A SR Ak T 38028 Y R B T 5 AN AR R SR T B Y AT
0 A R B — L AR o AT B TR i, T S — 2R X B R R R T, DU i SR Y TR £ A IR R A IS T
AABRAE A LA g o T A TIOR3 . HNDP 42 H 55—l 2 i s 700 7 v25, K Internet il 43 J8 22 AN 57 11 DX 3
(f1 Edge,Core,Region,Dual 25, 7E 8 A X 35 A 43 1) 5 FH 5 300 b b 325 49 546 s T S0 AR b, J5 i 1 a5 T 170 9000 9 26 3
Tk BRI AN T DX 35 PN A

CL BRI 3E T PIC A 45t AR 45 148, AT I8 83 A 140 A18 A TSN 0, 170 328 B 20 9% st 1 000 8 25 S
T4 K 1R J2 RS T REAE — s B b 3 JRORS J AR — 30 1) 381, 4R 1, Hierarchical Method AR bREE IR IE L £
AN AR IR R LA B 009 268 AR R T S5 TR P At 1) TS SR 75 BE K 2R VR T T AE. HNDP 7 325 ok 552 s ) 4% 1A T )22

© PEBREBAIHTUR  hupy/www. jos. org. en



1584 Journal of Software #if%4% Vol.20, No.6, June 2009

UM D3RI 23 A 3 DA SE TR, T HL 2240 T8 24 Internet 46 41 25 04t AN BILSE 7).
¥ 2% A4 b B AT BRI kA (Euclidean embedding) A1 9 B [X: ffk A (non-Euclidean embedding) i F i A £51 754 441,
FE WG 4% ) B0 B B0 A A R P SRR S AR ME R LR H T, K 2 B B S VR R SR R

P 28 R pl T IV a5 P T A G it vl 0 L 48 A 4 22 TF 9 A e P R ot 1 8, L T 2 AN D T B AR H T TIV
I 0 F) fift ey 3139527981,

LR /& 2006 4F Pennsylvania K 2%% (1) Yun 58 A2 H 1Y) IDES J7 . i% J5 15183 R ] SVD(singular value
decomposition) fll NMF(non-negative matrix factorization) i Ff: 4 4 43 fift 45 A R AR 1 D8 AL R R SOHFR 2% 1 SR
AT AU T — S N ) R ) 2 AR R RN T R ) P R 2 P 4 B A T VR AR I T R R = A AN
LV (R 2 B, e I A P B R R A A R e e R S g v, BRI P o AR DB, 2 e DA 5 4 SR IDES [ T
G 1 2% W Sk BTG

25y LA by A AR 75 10 0 S, £ 38 G i 4R P s bR DASR R mT R 1) [ B, 35 T L 9 b o 32 6 S s
KA —S0rE . A ORI . = A AN S ) (TINV) 25 ) SRR AR e DU 3 ol v U2 I AR A T 5 (R AT 8
LI L I T B e ey TR O B G e 3 LY i R = W Do (W AN B Rt ap iR £ 1P S NE 7 B B P L 7 R A
BRVE S K A UL 5 A B I 1 5 3 T X 8 5 (10 JELARL, e 7 2 e G S Newcastle K 2 [ Eadest®® 45 A 7
WIF 7T TR 222 1 . P ) 380 38k N B30 P i HH SR 1.

2R R AN TN B A T S (R A 0L E e R 4 AR bR TS5 7%, T BBS, Vivaldi,PCoord %,

BBS(big-bang simulation) 3717 vk A8 TR 1 78 b T kN 5 22 BT A 10 0 3 TR I R KEAT b e I 4%
(9 T AT RARAE — SR 4R B 2 ) o] REAE B 51 el HE T, o7 B8 H T 00 3 00 R I s, 4B mT /8 el T AR R )
{163 11 P 170 902 . Vvl dli 7 2 JUDASEARL T 4 7 Btk N 358 2 7 AR (K 35 0 3 10 R 10038 sl R, 8 M A 8 1Y
2 DA AE — M B 3 3 o DD 8 g PR A P A0 1710 i (40 A . P Coord J7 35 T 6 A48 o B 39 10 ok A P 5| N R
WU 1 A8 b (07 AT S FEE , AN TTT 4 1 A48 o 40 09 A ek 0 ] 4

BBS 77 72 (K14 #4482 b 1 5 (0 K Al M€ 5 GNP &5 ¢ of A b J7 v Hp ol FH 19 4% 46 190 B 5 d /N 7 325, T
Downhill Simplex,Steepest Decent /7 VA1 Lt., fg 4% 4 &5 il v vt H kAT F2 v 18 J5) 3 5 /Mt (local minima) 7] 24 7E
W T M E . BT S AR, NG ENH PR B R MIBBS RAAHN 2 4%, I B E R4 R
L Vivaldill 2 H A7 2\ 8 5 R0 AR FR T8 05 3K, R T B R S AR Aw R B I R W B T Hb AR, LA Piggy-back 7
TCWAE  JRL MEAR bR T 5454 L 23 VivaldizeE RS T Pk AT 4 8 2k W45 AT 8 T84 45 5 1A 5 W1 (2, 4% T Vivaldi
J7 WS P B b T FLAS B (RIS 85 B R IR A, B AT AR A A5t 75915 1 Vivaldi 5 45 76 Wi S A e ok
I AEALE 10 A 1A S B N F )32 B4R K BR S PCoord 7 725K F ZRAIGNP R 5 i, ANl A8 AR b T 57l 2 H 88 i 1
JE) S (Rl R AL A B 5T B B, DA BE B D LA R — s PR R e T AR T R (A S0

— J b AL A B S R 1) 2 A R A T V% T I B ) £ A o 114 ST R i A, 32 Bl 3 I I 4% B A5 R (b R B,
AR IR REE BT S ORS f E T E e, AR TT AE 2S F T A T M S 5 AR I ) A, DA R A AR A S
R T s A 19 U S A AR A FF R 2 ) A, AR RS RN 7 TR 1 T T R 5 1R

25t DL R B AR (0 000 2 AL AR T B 30 AR g R R R I B DL A 7 0 B ) R B R AR
Sy AMES T RRTE. TRELFES . TIV ) AR A LR e A AT 5 TR R A 3 3.

4 FHHEEERE

FI i S 9 6% 0 0 O RS 32 1) 35 i bR ME AN — SR RS SR KB 5 BB St br 19k ) (stress) . A G} 22
(relative error, {035 4 6 A1 5% 2 (absolute relative error) f145 7] Al X 1% 2% (directional relative error)). ¥ B X5 #f i
(range accuracy)®*. HIx} vk 5k 25 (relative rank loss, fif FRRRL)M . 48 5 6k 25 (closest neighbors loss, fiff Fik
CNIL)I74450]
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Table 3 Comparison of different methods that based on coordinates computing
F 3 AN P g5 A bR vE B TR 2 TR IR R B

Properties Main technique Centralized| Embedding type | Cluster | Physical process | Compute cost |Solving TIV Security
Absolute coordinate

GNP Simplex downhill Yes Euclidean No No Big No Ignore
ICS PCA and L|_psch|z Yes Lipschiz No No Small No Ignore
embedding
Improve GNP with
Mithos closest nodes as No Euclidean No No Big No Ignore
landmark
Virtual Landmark| PCA and Lipschiz Yes Lipschiz No No Small No Ignore
Lighthouse Gram-Schmldt,yector Yes Euclidean No No Small No Ignore
base translation
Random index nodes
NPS selection, Landmark No Euclidean No No Big No check
delaminate
BBS Simulate p_artlcle No Euclldear_l/ No Yes Medium Yes Ignore
explosion Hyperbolic
Simulate spring force . :
Vivaldi field and piggy-back No Buclidean AR No Yes Small Yes Ignore

A high vector
communication ghveg

Improve GNP with
PIC different landmark No Euclidean Yes No Small No check
selection strategies
Active exchange
information; sample

PCoord weight, force of No Euclidean Yes Yes Big No Ignore
friction, Damping
mechanism
Matrix Factorization: .
IDES SVD and NMF No Euclidean No No Small Yes Ignore
Hierarchical . . . .
Method Multi-Coordinates No Euclidean No No Big No Ignore
Divide Internet into
HNDP many different No Euclidean Yes No Big No Ignore
regions
(1) Stress

StressAg H T AR VT 55 7 vk v A R AA B ik N T8 IS 1 PRI AR E 532 A d oy 3R N X, TR R S5 B 0 2 R &w *
Z1 PO R 5 D) R g ] BASK Y 40 F Stress-1PME X % 05

Stress —1=0l=

TR B I B AR 1 R A T AR AR R N K BC(distortion) T 5 UK ff B2 AR 1 ] 2L
(2) Relative Error
Relative Errors F i 48 K 2 #5000 2% BR B F500 07 30 5K F R A 10 M 5 e B M, 4 Ol pregicn 2 728 VLI (14 2 28 Ameasure
T S BRI 4 S U ) A O R S L AT ) A R 2 R A R R A R
d d d d

R _ predict — “'measure _ predict — “'measure

abs_error — ' Rdir error — - o 1
- min(d d ) - min(d d )

predict * Ymeasure predict * Ymeasure
AEDRT 158 2 3 1) 2 Pl I 32 29 5 S o 0 9 25 2 R0 P oy ) B B X O v A A AR T P S B A
149 28 5 K /N A0 T S FLAA N FH B R AN e 45 AT AT P 7 2k 1R 355 1)y
(3) Range Accuracy
Range Accuracy $#iA 2 75 3 — 45 o 11 25 25 Y0 ] A Tl PR oRs B 100 R0 o6 T~ — AN 45 o I BE 2 A o o Tt
ST PTG BE B AE r W 1ER4E A PredictedLinks, 5 & SEbrill BT M BE A v ANKRZESH
MeasuredLinks, H 3 T84 X, |X|# 7~ 824 %%, 0 Range Accuracy ] 52 Xy

© R

http:/ www, jos. org. cn




1586 Journal of Software #ifF%4% Vol.20, No.6, June 2009

|MeasuredLinks M PredictedLinks|
|MeasuredLinks|
ALl M, AT 5 S35 7] 3 RS A JE (reverse range accuracy, {7 Bk RRA) N
|MeasuredLinks N PredictedLinks|
| PredictedLinks|
RRA J e 1 b - FUI0 58 22 e S S0 AE AN A BRI 58 FE 9 1) T8 1) 8L.RA B RRA K T+ BE A 48 — 58 B VT
BBl A IR BT 1 PR I i B AR ) 88 S B oA
(4) Relative Rank Loss (RRL)
RRL $fi i (14 72 JR 529 S AN 7 sz 30 (19 07 0 R Y4 A2 B2, 7 B2 AR i o WIB A5 Rl BR 25 A B3 B 3B & C?7[1)
I R RRL AL 14 1 B3040 70 SR FH 4% 1k AR b IR 0 e Bt B v B R 3R 38 1 AN B0 18 7 4, 3547 n AN 4 0 RRL
Al Sh

RA=

RRA =

RRL:QZQi.

RRL {E7E 0~1 2 8,0 F 7815 s E T R R 6 IEM, 1 LR A 1%, 0.5 R8 R — AL vF IE#.

(5) Closest Neighbors Loss (CNL)

CNLAF 3 1A 2 B 8 FEA 9 iUl 175 RUOC R AR IR GL. 1 R T IR SReal (K759 2 55 S B i) . B dlm (9779
FAH,0 KRR A FHCNLEHIIA RGP T A 1 s Wi 1 s iR O &R WL T R 2 A R b T 1y
S B R A R FREIDORS A 2, i 0.5 R WY AR Gerh HUAT — 2P 15 sl Fldpedm &0 s PO 1 B2 R g b S AN
A, C RN RIANTT A CNLAR, 24 P 1E A s, Ci=1,75 W C;=0, R ST AL AACNLAE v R 7~ by

nC.

Zifr LR R Al R R ARE, DR & Al T AL R A S HIR R R XU H g, WLk 4.

Table 4 Comparison of different methods of precision metrics
F 4 ANIRIRORE A 5 B R T VAT

Metrics Formula Description Purpose
(@, —d,,)’ i i
Stress nyiyzy Describe the embedding distortion Togggetutictir the embedding
ZX ydx,y is suited or not
Relative Error R _ ‘d predict ~ Ameasure Describe the discrepancy between  To find the predicted results are
abs_error ™ MIN(d pregict» Dmeasure) practical and predicted distances whether close to practical ones
RA/RAA |MeasuredLinks N PredictedLinks| pescribe the accuracy with To find the accuracy of
\PredictedLinks\ in some distance range predicted paths within the range
n R . .
RRL Zl L Describe the relative rank To find who is closer to me?
c? loss for some node
n .
CNL CNL = 21 G Describe the accuracy of closest To find who is the closest to me?
n nodes predicted in the system
5 RERHRMHE
5t 0 2 B 130 ST A 9T 7 0 50 00 B0 2 K 0 7 FE AR, DA Ay SR R IF 9 48 2 A 7 LR L

J7 I

(1) PR NREAL (K50

%o Interneti K& — I 52 2% (1 4F 45, DX BIL S Internet R 355 v A7 £ 1% 22 Tl e FE Sh A PETP L R0 48 4 i AT ak
O R TIVERRRAE. H T EAR EAT W28 1) 0t 25 1) LA K Lee s A TSI Hy 1 9 & 4% i) 52k A0 T I 4% B
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ST (1) AR AR 2 T AR TR AN (56 AR RG A R 3 A TR S Internet (1945 FiE L BR] BE T 9 40 4R XS Internet B4 353 A A
TPl L B 2 T A TR 2 B SR B S () 75 AR e 11 1 AL

(2) THD ) P EODRS Aff E BE RBR HE T R

Xt AN [R) PR TR]— ol T30 35 A SR P AN [ 10 3 o v T i 4 15 HH AR R AH e 1 4 R 1 i 2 A it
N GABIESE T RS B 1 B e B 4 [ A0, I ELEL 6 A SG IR Y T4 T 0T 1 BE i B v, T RRL Y B T :USRRL. CNLI
P T NECNLAE, T 31Xl & 1 br v T 15 1 1R 25 S ag T B AR 1 B T 24 of S0 L U B0 A% e I A X iR 22
S5 AR AEAST HH ) 45 RO BT 8 P A R A () L I S R oA A 20 T 1) 2% D £ i 1 )
HEPRME R ACRIT — AN EE 1.

(3) MRk AT BTN T 5

EH A I 149 43 A g 0, 2 SE TR 0 R (1) 1Y) 5% 0 12 T, 55 S R R W mT  J itk . TR TR A AR TS
FEAPE FE M WSE. AR £ )7 T, T S DI O E EEAAE AR AR R R R B T A R
Uy RS DS M A S AR P 48 AR bR T B i SR A S Pk D VA AT T A AR v AR SR SO 4 (R
FEAH IR0 A FH e e D7 v AT AE 6 AR AR v S5 o S B /0N, 0 75 S 70 1) 0 AR M A SR RS0 o R 1 7
W Vivaldi, F vk 5R1E A5 TT 8 /0, 15 & B SI0H 18 BLAS BE AR AIE fg 0% W SIEN FR e A A T 92 B B L 78 AR A
P2 T TR0 v v AR BT R E R RS A T AUES A A H L U7 3 DL R T A A B S i R S R B
IR AT REFFER A

A J5 AT 9T 32 O T AR AR bR PR B TN T v R I King T v RN AR T M A% V1 7 VR IR 5T DA B ) 44 AL BR
J7 9270 1 43 AT 2 b bR 92 R 9 A T A Y e T 2 YN 9 4 B A P g vk, S B A R A K, TR
JEE A 0T B3R 5 T 8 v b o 9 T I 2 T 4 e e AR 2 4 AU 558 Il A, A7 HC AR 3@ A 224 i R RIS 23 A1 X1 B L itk
A0 K 53 A AU bR 7715 5 AR AR bR BE BT 738 King 45 SR, B2 1R i PRI 1) 25 5 o 40l 47 B 3o R g vk R 4
T AR TV G5 A i ke, R A K 1 4 v AR AR WO SI T RN AR 8 M B AR AR AR T VR 1 ) M PR B B S TIV i
T VESE RGBT 80Hh SE AR AR IR TE B TR AN TIORS 1

(4) AT

AV T T R T R 2 AR B vt 55 07 125 78 R AR AR B 5 FI0 vk v G 22 A P R T AR Y R
R 55 2% S5 10 22 A T 0 R 24 T VF 2 X I 48 A8 R 22 4 T 1 B 9 13959806485 2 W R 4% A& i 2R 45 A T S B
Internet i 2 1R G 55 1), 1% 5 18 52 5k 19 25 J7 T (K B0t B Al ER X 190 4 AR A 22 A M IR ATF FUAR 20 XA 2> Hfai 2 1o A il
T AU T V2 WINPS 3 T FUI AR 5 BRI P AH 72 LA AR D /I SR HE B 28 1Y RURIPIC AR 2 T — A A S v s 3
G 205 T R A 38 LR A TR IS (0 A DU A e 2 S e T P R . D 8% 1) 50 A R S A 1 A 5T R R A AT AT
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