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Abstract:  As the basis of Internet development and exploitation on higher levels, the Internet topology modeling
starts from the random model to the hierarchical model. Then it developed to a more realistic one, scale-free
network model. Many characteristics of topology are analyzed with the corresponding metrics, including power law.
Moreover, the related work on the current topology models, topology generation algorithms, and topology
generators is fully presented. Finally, the new problems and challenges which arise from current research are
discussed and some suggestions for future research work are put forward.

Key words:  Internet topology modeling; network modeling; topology generator; topology metric; Internet

measurement and analysis; power law; scale-free network

# E: Internet A EAER AL FZHEK EF L. FA Internet 4 2 adh.Internet JFMAER FF T2 F T AMEHLE
3| Bk A B3| TR E (scale-free) P 4 44 1L 42 2F @46 & (power law)i}_?&] #) % # Internet 364 M4FAE A A8 5 B

FHATT oM A 063 EAE | A AR A EARIBIARBRATT 2ONEL RS HAT A NAA TE

B3 09 P AL Yk T S B R B A HATT B4,

X$EiR:  Internet 36AMEAR WM& AR 364t F 4 8,364 E 2 Internet W& 5 547 R F LR E W%

HEES S TP393 SCRRFRIRED: A

Internet 7F h 244 N4k S5 BAL IO bR A5, JEMUR IE USRS 5008 B B . 404 Internet [T 351”5 L5
7 ARPANET KARARJE MK AL i3 B2 1R 52 2%k, AT DK LB A — AN B VSN i <A 5 R 4. L AR Internet A A 2K
0T @ AL H A AR IX AR K F b2 B AT AR T I8 /B 15 W] Internet 47 $h BEASATF 58l
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FEBRSRAE XA BRI FL 1 9 4% 2 v 28 5 5 WIR AL 38 AN S AT A ) B3 I Internet #14h 1R P9 7E ML A2 1A IR
Internet 1725 4RI 2, & 75 36 5 E R _EFF R R Internet K125l AR 1M Internet 54 (H R b bEL B, kKB
A rP P AR 0 A B8 K B BRBE 1S 4 30 0 B oK K B Internet 7 40 E AR 45 A5 4R S — AN T JCPE 1) 18,
TEVHRE AL B 5E b b A T A

Internet #i 4MEAN Internet XA H AL RA M H#7, S E PriE [ # BB Internet 19 3 SRR 47,
BIVTE 45 0 199 25 v 45 s ) AT B30, JE i == Internet 46 MR 8Y & 4 57 Internet FRG0HAY (1 A, i okt i A B 1) 46
Fh A R AR P AR A2 Internet GEASE ) R SO EIAE A —Fb T H, AT HORXS Internet HEAT 204, P4l 3K
T 45 il Internet A A (1) #0 $h 5 7 20 i ) A2 Internet 7F 72 W0 b BARFAE, 5 e —Ffo i A4 34 it DAL Y FH 306 A2 7
KRJE EJRIFIAT Internet M AL 75 3K 2k B LA JLASJIT:(1) W 208 N BRI AN & & AN H T
Internet, i1 — 48 AT £ 0, Q005 HO 75 48 KB I 44 1 (0 AR SR LA, (2) 6 T — S5 T 190 4 31 M 0 T L
(U0 22 4% D i), 76 SURE & B B, 24 BT Internet 3 41 3 BE B4 — 00 MU IRFE A JE V0 B SGHEAT A ThT VP A%, 77 2R 46 2
AN S BRI AT S 505(3) M IR 2 A A FE 2% 18, T LA 4R ) W 48 AT Dy 36 1 I 9 e gt S R R
(DARPA)J NMS(network modeling and simulation)X5i H 1.

Internet 1 #p EAF L — T 23100 UAE 5 Mgl i e vkt Sovl 2%, BuRisd. ariib bl &
Bop S 2 AN EST AU Internet $h A AEBEOF ST A T IHSE 0 3 AN IR0 (L) A0 R SR A — 4 58 BT AE AR 1)
Internet #1 M EUHE;(2) WX Internet ¥ 24540 FMEFAE AT HE3A;(3) AT A4 it — WG 4LL T Internet FI3H 1 KX 3
AN]SR IR T 3 ARSI, B AR A A s R AMEAE R I 0 A AR AR T AL b A R T
FI LI A A HMERAE R IS H0 T HER A o 0 D AL A R Fh BT ) A ST A 5 D T 4%
DU, VRGN N 22 L SCER[5]A SO IR IR 5 P AN J 1)

1 $RINERTRAE

Internet 1 4N STE N1 T M Z 0B 15 3 % W43 B, SR 2 1R U1 SEEHL I 268 i 9 31 52 % R G R AR AL I 9T 1) I 2.
TER ST 51, ol T i = 08 I o s S P PP AR T A2 T N DA B T A U0 A e i L IR R LI Internet # PR
RUJE 1988 4F Waxman #2Hiff) Waxman A5ERO] 50 — R BEALBAL W H TR Z4E. 8 1996 4E,Doar 42 T
Tiers(35 OB iZ AR Z) i T Internet T H A7 K E KIS HE. 1997 4, Zegura 55 NPHZH T 55— F 2 B ——
Transit-Stub BEAL JLI A 1995 4EFTHA I KIAL Internet FAFMIE TAE C LB 5 R IT RES] T KB 5k,
T RLHA 0 R HLAL 2 o 2 T I, B R HE S T $h FhIF5E 10 i Internet #FbBFSEHE N T — AN R A Wt
S0 B,k B2 T ot B IH SR W G4 T Internet 3 b B SCAE T A BF ST AR P B B J2,1999 4F
Faloutsos 25 A % Bl Internet 45 41 45 ¥ 1 A7 7E T 4 (power-law) L S At B & BUKF Internet 46 4h 5 — 26 /EM) % 4
2 R AT 2 D 8 T AR R A L A < TE R B (scale-free)” 0 4% (1 — AN S0 FE Internet #1 4N 9T 5 RG22
ISR T — BB R 01.2000 48 LUK FFT N I IT & T ¥F 22 REAE REA 0040 0 28 SR 1O R 3 4 A il 710,
A Internet BAUHR AL T A R0 19 SRR AN I 30 A B3 SR 025 617 T 42 210 119 3 A i) 380 119 280 20 A — 8 PR O28 T FL I 1) Ok
PO 6 B AT i R T k.

H 00 BT L A SRR R I AR S 1R SCIR) G 5 B AR  RIF 0 aod 5 b A0 0 B 2 1 A S T
5L T AR s 5 R R P, B R AR S R R Fh BRI 3 X — 17 D I R R, — B A
WK E|T Internet (1 A FENLE], 1 ESFU T — o3 b 2E i #% A5 T 48 Internet 403544, W1 nem!' ™) 52Bx L,
X = A A X G AT B0 X Internet 22 A0 4 SN AL HEAT Z I, A — 8 TR H Ao A i IX
—REAE; 2E BB 2 IR W AT 7 A — 1 B A N B TR AE (R 4 b AN T R 4 b A R D) AR A A
Bk = A — R AL SE B Internet 194 0 B, 75 22 AN A A BE n DA% 8.

Internet #i M AT TR XU AT INE G,G=(V,E), L v={|v & G THI—T miLE={(u)|u,veV H uy
AHARHE Y, G B3R N AR e MR d, R Ry I BE d o= {ul(u,v) e E} & fy 388 19 iU H AR, £ {vve V
. dy=d}|.

T EERATE AR MR AR SRR R 4 A AR — R TT e O LT A R L Ok R R
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2 $hiMRE

Internet #1 MBI TT 73 Jg P A — IR Internet #7 FMFFAE, BLHE Waxman 182, Tiers, Transit-Stub Fl %54
T LA I AMRFAE BRI LR, AL HG Barabasi 5 Albert $2H ) BA F1 ESF LA —Fh e EAE AL GLP. th 1 )5
— R RN Internet T T AL B (1) 3R T8 A 58 T 22 (R0 S A D — Tl ™= A ek A ) 181 A e B vk i AR 515 3 5
AT IR,

YT 1 BERUR U Internet $h HMRFAE I R I, SEBR F A0 2 20 I 12 KR 1R S i (metric) R IR — N B T 58
— R MR S T AR R EOH R TR B 1, 98 )5 R 52 B 1Y) Internet $h 0 F0d SR H X 28 B8 1 (1R 4A.
BRT i, S5 3k S R E AT PO 75 B PR 7 TN T2 — 7 T, %0 6 SR FH P 4 b 50 kAT PR s 59— J T % 36 8 i
ATVFN AR I © 4 R I Internet #1 0 B v d5 D A PR agf A2 705 5 HR BE AR f 020 A7 2 4 W — i 4 41 B2 A
5 Internet b AHSALL ) 5 F L AR 3 AR AL L BF SC N SR BE AN Internet 5 0 HE BE AR SE A BEML I (W
Waxman 575 10), 5 2% DA g 5 A A ML (A1 Tiers B0 0 FEA A0 R IHAE W] T Internet 47 #h 45 4 A 5 #
2 1) 5 T R A VAR X RE AR 4 A () %0, ) 4 Internet 45 FMBERL S G LR 3 2

(1) BEHLALENIAY Internet 47 4M EAL T — AN 52 L PR FE KR E 2 — 1. Waxman R —Fif
KT Erdos-Rényi B BEAIBLTY, 1 2S04 2 AR 20 A IX AU AN RRASRG LS8 515 i BN LAT B AR
A AR bR RS R s T R PR S At S L RROTL B 8 B 2 RG2, MK 40 (0,L) ¥ AT B ML 43 AT k1 At 48 52 BE 3 AN AR AR
A A IDAHEE PO P(ae,v) 5 B BT JIR AN T A 23 A1 25 B A 2 K.

P(u,v)= fexp —dwv)
Lo
Hh duyRaWmu 5 v ZRIEE,L W RARKER,o 5§ g BUETEEEO,1).

(2) JZIKBL K BT Internet 2544 BT B A B JE UCFFAE AR TR [R]— )2 BT 50 B 3 A [R] J2 TR0 i e
ZE AR KA 2 B A B A ] Waxman B 5 Tiers(Z5 40BN Internet %114 LAN(JR 1
B, MANCGEIL ) AT WAN( 3k 14)3 AN R AEZBR A WAN R — ANl 45 52 LAN A MAN S0 DL A5 A
P8 T B 5 A AR B R ) 35 95 41 P Transit-Stub BN AS Bk 4> ) Transit 281 Stub 278 1% 858
W, Transit 7 U087 b B IR B — A 17 B3, — AN ERE A Transit 5 5 BEA B0 0 B 10 AZ 00, T Stub 19 554> i 7
Transit 17 5 VY i 55 Transit 15 55 4H3% . Transit-Stub & GT-ITM(georgia tech Internetwork topology models)# {4
AL — 350, A I GT-ITM 5 J& 8 Transit-Stub #E7

(3) #1999 4 Faloutsos 5 A\ P%) NLANR(National Lab for Applied Network Research)ff 1997~1998
EIE ) 3 4 BGP s LA K 1995 41— traceroute Wl & £ 247 73 #7, & BL Internet $h4h HAETEA 4 44
T RIS TE N Yoo XC TR N T AN 8 X F YAEE— AR C A8 Y 5 X I C IR LGl

HWAAE() WA v WG v R B HEF B b R 5 ME;(2) AR 4R B RE AR 3 I HE
Y58 i ANRFIEAE R A,

T LR RARE R): W R FE d, 527 ARG r, I R YRR LA

A 2 FEFREL O): BB £y B d [ O YR LE .

PR (hop-plot $5 KL H):h Bk Y 1 £ (pairs of nodes) K ¥R A (1) H VR L.

T S(RHMEFE B E)RFEMEA, 5T § 10 E UCR R ELA).

T 1 U WIAE Internet T EEANAF /1 Waxman #5788 i JISRE ) <3557, B ANE Tiers Al Transit-Stub A58 <45
AR B — BRSO 2 O TR 1R 2 R X B R g B AR — M R O R AR
[ HE T K & i AN B, H B T Waxman £ 28 A1 550 40 A A48 LU 1) hop-plot Fe 44 H
A LR S 6 0 B EAT 402 81 G 5 1 B, H=15 58§ 4 WA =206 T Internet, 6 AS 44 b, H~4. 70 76 4 h 2%
9 b H~2 8 R 3 0] LU SR — 20 X AL [ 2 B R AT IX 43 T A 1 R BB 45— A i3 7 Internet. HPAEAS
JaB T AL PP 3 (A i A 20 1 X — g P, 97 12 52 k) AN R ok A7 2 .

X FEAR A AL T G A L 2001 4F Tauro 25 N P2VEF X FEA 1 AITEA 2 $2 10— P AL SR X MR

(M
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AS Z i+ B E 1E— UK BEIKBEIE TR Internet A% O, BT 5 100 328 25, 4 o FE L0 20 3 1 8, o i) P
PO SRRt BE R 1 (0715 R R A 2R AR e 0 29 o AT A o i 5 s (100, T A 0 A /0 T BBt 0 2 S P 11
AR BUEOR T W B TE Internet $h4b &5 84 h S48 2 B 5 S T 22 R AW 32 96342001 4, Magoni
1 Pansiot % NLANR £ 1997~2000 4 i) (¥) BGP $4ls it 47 S 40 E 1 43 B, 32 ) T Internet 314 R R 5 448
B IN A LUKy 4 450 T 45 2 18] 5 I A2 RTR 45 440 1) 3. 2003 4F,Chalmers 25 NPV B, 7E 2 4509 1) B L85 10 rp iy
AETE AT 1 43 Al

BT 20 B 2 A AR VR 2 HoAR R 4 FE SRR IR Internet #1 FDRFAE, 04T

1998 4F,Watts Fl Strogatz ZEABATT (¥ “small-world” B P 5N T PIANE B:(1) R BR AR K8, o B N R0
P AR K Rl IR B R AR T R N T A T A K AR R S B (2) 2R 2K & B (clustering
coefficient), FH i 22 B v t BRI /NE L BET 5 v A7 o, 4B IR A AR Js 2 1l i 247 M=d,(d,~1)/2 %3,C, %
A0 8] S B R DA MBI TR AT AU C BUPI AR BB R R AL

2002 4, Tangmunarunkit 25 N PE 5 2 R R 5 R A BY AT LU RE R BIN T 3 ANEE.(D) K
(expansion), 8 IR HUH BN T SUTE SR A BR B P9 Wk 5979 AUBCR 2R R IO 3 E, R T R Ok A
1h.(2) WK E (resilience), fifi i £ F B A28 (1) 47 70 M oK — AN 3% 300 R 43 D 30 ADUAH 45 7 P A 322 3 11 1) e /> S804 KD,
52 Pl %ok 32 o i 1) M L(3) L (distortion), 3 A — AN B — ARA (R 6] G K —ARZE B 7,6 AP A
8P STE T EBE RS 3 E R D, X R R WA AC AR B 7E T 1,G AR I P 7 28 2 D A4 Bk,
Kl G FLIE D 802 A A B 1) Dy {8 35N

FIAN EAFE(1) P340 JE (average eccentricity): BEAN T & B b /Co B A e 2 JL A 0 B 5 A 1 e KA,
4 oo FEE TR JIT A1 UM O B T3S, IR IR T I BLARL(2) B K ETRSF (maximum clique size): 15 2P P AH %
1 B FR 4 ] Internet #5 #M W d K52 Internet [R4%00.(3) 1E L7 % 47 17 1% (normalized Laplacian spectrum).
2003 #F,Gkantsidis 25 A PR A ik 8 B AT AS 930 F0 A0 82 R M 300 T 1F 7 2 7 7805 43 BT, S e 44 1 45 4 o
A R AL ARG IR

3 HINERE®

% T Waxman,Tiers F! Transit-Stub B2 i) 3 Bl 4 Bl A2 e SvE 2 A0, BT 34T 5 Fhasd O e e i) 4 4 161 42
JREE DA B 1 B B (map sampling) 8092:.0X 5 Bl A Fh A SRR AL R AR 2 1, At B R B A
TEFR P AR RS P HEAT LA 1.5 FhoRE A S50 v DA D P 2 — 20 e RURE AL SR b 719 sUA G HE 82 B4 PLOD
H1 PLGR(Model A); 75— N R A48 Internet 335 4b ok P2 4 il 2 7, 4045 BA,ESF Fl GPL.

PLOD(power-law outdegree)!' /& Palmer 28 A T- 2000 £E 2 HH 3K 119 4503k B S0 1 5 I b 37 s B0k AR 3 e e o
(RIFREL A A BT 204 L — A H B BY R (credit). 28 5 1B P AN mf B AL 328 B — 5% 09 it 20 RS % 0 s ] L
RIESE,IF B A B B R DR 3GE A T 4, LK & AT AR IE, 5 B B B DR 1,18 B TR AR RN B AL o 44 15
RO IE.

PLRG(power-law random graphs)!'/& 2000 4 1 Aiello 25 A3 H Sk (19, B FR  Model AL 323 56 4% 6 e 4t
SRS ST R ARG R E — AN AN RN S DU AR A e W i R A AT B LT I, DG AT )
9 RCALAH

1999 4,36 [ S B .k 2% (University of Notre Dame)¥) ¥ 5 H 241 2 R ZiWF 57 41 1) Barabasi 5 Albert! 3178
T8 RUBE W 45 BEAT WE ST 3 T S 1 7= 2R I A R G AR IR 3 K (growth) FI A 46 B 45 (preferential attachment)
(0 0 97 NS s S AR B T 1 B v PR T ) T — IR s W I RUBE IR % R DA W b A7 5K, 5 — AN U U Rk
H P RO RE ) 1 25 S TT LB AE ) 2 R4k i 4 O, BT s 38 UE . BALESFE Bl GLP AR AR X — i s it
AL T 6% Jo 3k S 3 b 18178 SE IO S B A I, 3 AN B ZRSR FH e P A0 2, R — AN N e 5 &I v A7 7
Ry AERL R L 51200 R d, R/ N ARG

LOv)=(d,~¢)/Y(d,~c), c<I )
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o BT B EAFFE T A R R B IR/ A0 5 B 5 R
BA(Barabasi-Albert)model!*! /& Barabasi il Albert ££ 41 H T A== 25 6 B AN IR F) i) B 452 H 30— b 26 e 3.

ESF(extended scale free model)!'" /& Barabasi #1 Albert T 2000 £E3 Hi f¥] BA $55Y (1)4™ g B A A8 o g A
TOHTH Internet & REFFAE AE M 48 K R RE B8 @82 kAL, BRI F 5N IE # (rewiring) VA =1, 4 N
H:P(0<P<1),0(0<0<1-P), IF 35 m FHILE mo N1 RLIEFER 3 B IEH R S50 1 8, LIS P 3E I m 4514,
55230 A O X m SCILFERTIEEE S 3 08, LI 1-P—Q 88N — AN m I A1

GLP(generalized linear preference)'*.2002 4, Tian Bu 15 Towsley 41 %} PLRG,BA 1 ESF “k pliff) 4 41 &l 15 3¢
¢ Internet #i4h El7E“small-world” B¢ b (AL BR A2 A LA SR IS RM EAFAE 22 5 AR Y 77— o (i 4 0 2B BB
BEARZED ¢ ABBLUH me—1 ZAIAHTEN mo N9 ST R, 58— BT I PTMRIEL (1) LA p 14
I m(<mo) 45 i85(2) LIRS 1—p IS0 — A m (5505 25

P BB (map sampling)!'2: & Magoni Al Pansiot 7F 2002 £EH H 3 (16 B BURE 25 7 18 5 40 AN S <4 43761
I8 (1,10 & DAECSE (Y Internet 30 BN b Fig 5 (0775 S8R FNSE 2 B4R i N 280, T M\ Internet 34 41 B Hh BEAL
TG B — i 4 R AR AT L B L e B 1 A 33 i — I A5 Internet 45 FMRFAE 1) 16 28 2240 40 L.

4 FhIMERRR

P A A A P A R B A S, Bt EAR R IAAN 3 (1) AR HI AR N A I e
THEAf I RS2 B Internet #4010 &A1 T (2) A0 3k, RIDRAV/R 22 A s B4 O 70— @ik — N F 46 4 2R il T
H(3) e, B K W 4 Bl A 2 5 (W1 ns-2) L FTARAG T B (41 CAIDA 1) Otter)f& L8z 1.5 T SRl iz 46 H
b, — AN AL s E S 3 AN DR (1) A% U th T H TSR G — B T EOE SO SRR U B LA
F AR A T B A T A b W0 A A R R N J O DL R 9 s R DL R A i N B < TR REAT SO A
KT RE.(2) FhFh A2 X2 40 0 AL Bt B AZ O 8 T AR S O A 146 0 A2 BB SEBURE A 22 A 3 AR Hs S
il B SR AR AR AN L) D o B R b A2 R vh B SR R I B SRR b EH AT St AL 4 R
M. H BT, L TR A 28 G LR 3 i

BRITE(Boston University representative Internet topology generator)!' 72 3 i K 2% T+ 2001 4ETF R —A
T #0407 A g LS S AE T A 1 28, B SE Bl T Waxman BRI BA B0E, IF 0T DU B T0 ) R A E & 1) B
FPITVER A GT-ITM 2 B HLR e 22 AN I 8 AU R e $ (12 1, £ 45 ns-2,SSF,Omnet++,JavaSim, Jf- 32
FFaT A6 TR Otter.BRITE f= 2L I tH AR A1 AS 3k 0 18, 3 1T D4y 18 482 43 TC Al 5 A0 48 3R, A R H R e 1.

Inet!"8J& 25 B K22 T 1999~2002 £E A TF & 19— AS Zadh b7 £ 2% 55007 B A (42 3.0 WA HA%F 2 A
H route-views.oregon-ix.net &= 1997 4E 11 H~2002 4£ 2 H [ {1k BGP £z K e ¥ +ME & 1FI{E, 5 MR
f.Inet K PLGR 5092 5 000 2 Bt A5 52 T Ao, B A0 30 e (ol /N 1 U282 ), I o0 g DR T RS R SR 2R i 740
Ak, Inet {5 F TR 5, R 75 75 dr 4750 0 b B b3y s B 3R]

nem(network manipulator)!'*/J2 7 [ ULPS K %#(University of Louis Pasteur Strasbourg) ]~ 2002 4 JT & [#]. 3L
RE U B, T i P o B AR R RS 25 4 g T ) B B AT AR A onem SEIR T BRI 3 AR S
GLP ZAMHAH 5 Fhdn b B v nem ¥ FMFAE /300 5 2800, PR k. W s R R R AR R DL R s
g (class, GLHEEI BT . 30 L SUBEE), T 5 RBFAEREAT 20 HT.nem by I 8BS FU AR 2F ns-2,GloMoSim Fll
OPNet $ 182 11, DAHE AL B SCASCAARE I FH P 2.

AT RER, Bl — Al T 12 Mraetg A I IR MR R L S 4 AR RS e A R s B A e
T2 W — N3 Internet #4045 FWR 2 T LLIXRE U, 75 B AT 2 AR — AN B4 HH R IR B 5 24 I O & AF 7 A
RUBEEIEAT T 20 B2, DAAIE B B LS O 75 AR A0 A 100, 0 I 88 ) B A0 vk () P o) DL 2 R AT <2 >Rk
1T. B R R 10 BB EL A D AR & 2002 4E Magoni A Pansiot® 5} 6 AN AT ACE P I 48 31 FD2E ) g8 18 15 TG bk
AT VE PR b iR a5 7w AR KM Z WA & 3N 40 48, PE S St = B Y nem(38
4%),ESF 5 Inet2.1(33 %), Model A 5 PLOD(31 43),BRITE(21 43). 0] W, B i ¥ ¥ $M S8R0 727 A B np DAL= 2k fR 43
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1T Internet ) FH MBI T .
5 MmO SMREE

Internet ¥ $MFST H TG B = ZWAEK B TP 1 — 4 12 Internet B & 5 4% 004RF 1 55 — 07 & &
Z AT RGN RN LR

Internet [ P4 J50 45 SR 1) i) 881 32 SEAE b /0 ¥ 30 5 b, L AACR ILE 3 1 25 440 30 25 725 4k 536 g 000t M A 12k 5
JI. K B R 5 i 3000 5 £ s e S g g O e e ) A A e R DR b 7 0 5
1) 10 4% 0] B B R TV 3R A5 58 FE M MERA 1Y) Internet 31 30 B, B 1 Internet 31 MBI #4776 — 2 1K1 )= BR . B 0 5

i NUSIZE S IR IR T P 1T AS $h 45000 526 T 20%~50% (14 B 4, 5 B 592 (10 190 265 4 4D 2 IR AE FEAR K 22 5,
A0 U A AN B b %) ] Internet #74h;(2) Lakhina %5 APV Xk A ) 1 A vk B2 HH T k0 95 H b 2 8K
RIS R TE K B L 2R B R I A 2R e T 05 L 6 420 i TR P 40 P T 7 6 S A 0 WL (samipling biases). 3C %
6 H R JH 3R A7 70 KB WL B AR X Waxman #5858 72 A= f) 4 $0 B EAT 000 665, S 560 4% L (R 4 i AL TR A )
4hInternet MBNAPEARARF T 0 AMEE R b 25 00 28 10 A i, A4 40 P BRI S0 e AU IR 24 T Internet ¥R
B BRI ILTS J5 B RS HLEL 5] R T 5 — AN 1 8 Internet 5 F1 0 BE AL AT T B 2 % T IX A 1]
f8i,Qian Chen 25 NPOHR 1 2481 41 B8 AN A S0 FE BA B8 42 (096 3% 38 1 3 1 2% 3 Internet %2 J& I 1 14
88, UM HOT (highly optimized tolerance) #E it 1 5 5K 8 4.

Bt 25 BE 5 PR AS TR N, A AT B Internet AN FUSEAE (0 000 i 78— 5 38 R HEAT B AR I 1 420
A4 Internet #6405 7 4 Gl I URL JE52) . 40 M0 199 25 G fh 2 I BB )« A BR 6 R 0L B2 Srik o | 4%
2 FLAT LI () A 70 AE—— AR, O ELUGIH B Internet 4 450 2 T 8 36 AR HUR — AN THSEHURFS ) 85 1 2
5T /b — AN K 52 2% I 4% TR AT R A PR R 2 HE 401 DRt p S 7 Internet #f 41SRS ZEAO T B2 B e Lk
AR P 3 [R] 8% 0 40 P A R 9 s SR Al £ (R il 3K — L HE SR TR T .

25 LPNA, A 5 Internet 4 b AR OB Y 6 28 2 B LA R 3 ANJ7 1= (1) 383k 4047 4 1l D iS5 B Uk SR I
R R A 0 AR B e MR e M DA% K v 9 2 4 11 4 O L A5, DASR MO SN P R BB A5 (2) K KRS
I 5 R P 45 Gk ok, NI ot o R FIFTREAE(3) A 58 HA 52 2 W 4% IO ST R Rl R R R g HoAfy
e3P 1 5B DL B Internet 3 40 T B 1T P9 ZERL L.
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