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Abstract: The Internet traffic model is the key issue for network performance management, Quality of Service
management, and admission control. The paper first summarizes the primary characteristics of Internet traffic, as
well as the metrics of Internet traffic. It also illustrates the significance and classification of traffic modeling. Next,
the paper chronologically categorizes the research activities of traffic modeling into three phases: 1) traditional
Poisson modeling; 2) self-similar modeling; and 3) new research debates and new progress. Thorough reviews of
the major research achievements of each phase are conducted. Finally, the paper identifies some open research issue
and points out possible future research directions in traffic modeling area.
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0T X 28 9 o 14 1 AR AR DA B T At A D HRe P AT T T W A A SR A — AN PR R TV ) B O
P RIS TAEREAT ELB R GE (AR B, LASUI 6 M AR SCRIF A T AR (N BT T A 25

& 45 FaAT I 4% 1Ak 25 ] DA 28 3 () R 3 P O AT ARURS 1 00 508, IR0 bt B B 5 2 AT T 2 T R i R
A EL I (R IA EAT O L A AR R /T 22 I 19 ) ZR AT R B R A3 B 16 5 1 R HE BA 3 AT 1) — e L R T v S E A e
A 8 FEJE F S DL A RA A1 D M 25 58 1 FIE B R ZE 20 4T 1k B 4 W7, 5 FLA 2S5 A5 e 1) L BA A 88 25 vk i 2 5
A ARL &5 1 [) B, VTR I R A A 1 TR R 00 A D% 5 ) D A A VAR AR R L A AR U I Mk BB AR A RA W FRFE K 2
B LT FEAS BEAR LT Hb 138 LI I 4T . Leland 25 A 7E 20 4D 90 EARWIR K0 E A FF IR XM
S g — U AR T U AR AR A A B Paxson 45 A Bt WAN i i, Klivansky 25 A
Xt NSENET 3 &A1 Crovella 25 ABU WWW 3 (AR 40 47, 3 2 B I 4% 37 b EL A [ ATTBURE P, 51 7 3 B
I M G55 20 3] 1 R DL R 0 (1 AR 21 40 4), Karagiannis 25 A SV i 4347 Tier 1 ISP [ 5% i v &=, % 0 H
T = A 2R A R B T R AP RO R A VA AR I R, AN TT 51 % T NATTRT I 284 3 St e i B A% T 1) S R
Figr 1.

RSO S8 ALY B TR T 32 2 ) 290 A i A RE M R O BE 1 S 0 R R A 2 I 4 e A 11 R SR 43
28R S5 2 B AL 45 AR AL -9 = A (100 R 3K 3 A I B B 40 A o ks ) 5% gt A Y 5 i TR IE 9 R B R
SRR AT A R B 50 e 7 1, R4 I 7 0 28 3 A A R A 7 P e et ) T B 4 S T B P A HE R

1 MEREFESHIEESH

S o I 5% 9L R P LA R 220 K R P e 2 O YA A R R AR AR A, U R H A RS
S L b 5 WS s U BB PR R AR O L T S iR S S B f) I P 2 I I 2t B A KD L R I SRR R K
IS Tw) ROBE T (1 EARABLAAE AN /N I 8] RUBETR 1) 22 0 T AR K S5 P AN DUAE A T ELIR I 2% v, [ It 475 T+ Ad Hoc 1
2L e 1AL 2 e,

1.1 BHEEFiHEx

H AH AL (self-similar) 2 45 J5 350 (1) 45 440 55 2 4 1) 5 R AR L AT bR BE 1 — B0k, B AR AU R AR G i i X
A R ARAR M )P AL R X — SR, AR FE SE B R AERENLIE RE T 5IN T o TE I AR Y
2 B H AT KA S AR T VA KA 2545 AH % (short range dependence, fij i} SRD)EEY 1) = (. W B R L B,
K AR (long range dependence, iR LRD) SR T F AR AR 2 H0 11 RF 22 0 52, B S8R AR 1 6 i A 1 b I )ROBE |
AP IS ARFRIE R 2 RBEAT R4 ok AAH SC A0 AR AL B A i SR I 135 2 2% SCRR[9-11].

HAHAPE 5 KA DA A B P16 R H2 172 8 (1) [ AH AR AL 2 2 KA 6 1 AR R D% J AN — o gl S
EABARL IR A A DG PR R W i S e IR T B A O R B K IR R (AT A, 1T 0 AT AR [ 5 A PR K /N AR
(AT A AT R A 7 L, A S 2 0 T Ml 45 o 1) S T 2 T 1 AR Ut s T B2 0k B ). B A A
T2 1) T B AR R BLAE & A 0T R (Hurst effect)iX — 2056 MU B (It T — Bl Be Hurst S80S R A0 (A MR
PE)—ANH S, — ok U H O, B ARBL (K AR 5 R BB vy, 8 5 M Bl i % T A HAELAS V1 iR AT LU R L
Al (B T R, AN HARA 48, P WL Y 1) 2 2% SCHR):

o Jj 7-I5f i) [l (varianee-time plot)i: (2

o RO INIE) 47 4 %8 125 (absolute values of the aggregated series)!*?;

o 724y 77 7277k (differencing the variance)*;

e Higuchi J77:04;

o []JH45% 275 (residuals of regression)!™);

e R/S [El(rescaled adjusted range plot)y=Meel;

o JEIIE (periodogam)ik K Hikc it )y 02,

o Whittle fiti it 773102,

o NEAHAL LR,
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12 55

TR T HAR T, 2 43 B XOMRAE 22 543 TR BE 3 T 2 AR 1 53 18 43 TR 12, — A 4R HUOT0 VAl R 3L 4 S 4R A
R 22 T3 T B B K 134 85338 ok 6 Riedi 25 NP2 6 TCP 3t (K 3 20 0T 45 H KA 56 SR U
T3 T AR TR — AN 5 T (R 388 K () e T) ROBE ) 78208 PR B B RS bt A TR 1R T A 530 20 1) 738 A R A, G 2
Jei B A S R M 1 ARARLTE A T 8 O PR I 1) R B T e PR A SR A TGV A AR M 25 1 S R TR
W FE NGINT 25 TR . 2 0 T S A R0 40 T 199 4 0 2 v 1) EARARUAT S (B AR R 5323 T8), 2 93
TE A A BT AR T T [R] (%) RORE AL, 70 R ) 308 1 Tva) A PR A 0 U B0 G I B R s I ) A TR R B8
N ENVE 22 TRE il b 0 FLIRE M i i g S . TCP Wi = I 45 i SEHil oF LRD i F2 11 Hurst 24155 9 A,
53 T8 SRR TN H Al 1) 2 BRARAH 45 &, a0 S /N AR 4 R BARBUR 22 43 T8 23 A R I B AR P IE AR TR H B ok B o
BEAEH.
13 BAHAREE

SRR PR 0 28 38 Bk T ONATT RGN 1) B AR BLARE PR A0 S A H A (1) — B0 A R AN W A A SN DR H JE AT
HA SIS ot 047 (2300 ot (24280 e R S 47 A A s S e 14 2 X 4 I 1) 370 It 5 B 1) 169 A% A T 2 B 1
K IR — b 2 5 (0 AR AL R A T I VR A FR TR A P R T I — R SRR SRALRERL IR,
Wi FAE T R A MNP RS EFGE—. e S BEHUPE RS — . W 45 58 5 51 A7 AE G R Y
VR VAL, 25 4K OG i R S 2 — N B L B A X S I TR 4 Y e N PR R 5 D 4 i R AT DGR )
TBC 2R 1R, AT DA TRV 5 K AH OC 1R 3 DD TR R AR AL T — AN 7 RO E . DALt 4 VR sl 42 ) e SE AR RN T v 5 N AR AR,
G5t A7 S A0 AR 2 — AN R E AR R ST )

2 MR ERRER

D IR L U AT A U T G B A AL, I % A R ) AR U RO D e R O R SR
e DL 20 e K o O K ) 9% HR AR [ I SR DA AT B2 LRI AN BT A SR R, I i M 25 4L 11 A A 4
BT X R R R 0 s Sh Bk B, SR A T R B ) 4% R A — S R M R4S — AN
TR B A 0 2% KRS (1047 K R0 5 o I 28 IR 55 10 )32 I PR S — N RE RS MR . AT b Rl R 19X 4% it iR 11
PRI KT QoS WL IR AR R . Ml A\ F4 A5 A AR T I A R SCRIYE 20 4R 70 4EARAN 80 4REAR LY
F T 224 B 0 4% 6 1 T R B — B A i DN DA 52 1) I 28 0 1 A D R s, AT 2 0 A o FL TR I 4% 14
ST A P YL AR SK ol IR 500G D09 285 100 8, 5 AR A 100 8 00 N 80 414X 5 39, B A FAX . 415 199 2% F1 Web
(1 HH IR, R b R EUAN R 70 20 S Internet Mb 25 3t it IRV Re AT R JS SO 5 TN T Markov ] )9 45 B AL ASE 72
SRR 90 2% S0 R B b, AATTRR I 2 LAY S A St X 448 it e R, LI [ e s 2 T 3R (0 45 7 9 B A
FARE G20 TH40 90 A AR LASK, B A5 ) 4% 747 i 450 5 i 00 om0 2 S A L WA SR 0 5 I g 1 FH (R AN T £ B
TR AR A TN AT A% b AN (R P D9 4% 1 LA A () ) R A A X 2 R R R AR T R AR X
I 0T ) 28 A o AR A 10 PRI B A I PRI R N W SN B R B I 4 3 e LA 1 AR AU A S Pt B R
AN REAR L7 b 3% 19X 45 £ 10 ARABLAE T 90 2 F4) 1 R A SR IO 45 (1 38 3 8 2 v 17 9 8¢ 1 AT O R T 6 1 1 A
ABL R (K RIF A R A I 28 R 5T o 1 — AN T 7 ). 2004 4 Karagiannis 28 A\ Ui 43 47 Tier 1 1SP & 55 8% 7
2, R DU E T TR R A R B R AR R R R I A AR I AR AT S LR T AT A RS 9 2% ik s R AE
LR (KT 10 R R AN 438 FRA 1% IR 3 A TR 1A I BT LAAE I 4% i b A A 102705 3 -

o ALGECRIM )RR (20 {4 70 £E48~1994 4F);

o AL IC) BT (1994 4F~2004 4F);

o URHEBIIH R FE (2004 FE YIRS RN SR (4B T AY).

22 PR U A 0 2 B AT T LA T P AR R A S W B R A 1 i R T AL T ik R T
AL P 5 30 RS 9AE 1 1) 32k ek R AR S T B 1) 5 v SORT A3 Ay P 28— 2 B 1 Bk o R £ K ) A R
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FEAE, 53— ST MR I 18] 1 510 AR 3L 8 R 20 A R AR SRS ASE Oy 7 S 335 8 b o B O S S A 10 A B e, FRAT T S S
PN BUR Y 1K) 73 2R 05 1A T 1) 348

3 fEF(EMEX)EE

A 555 119 1) 24 G A S 20— MR TR T VA S R D 3K SR B 7 K T A B 3 AN A D B A
T 3 % 4 1) R AT, B I i) R A K, T 448 9 e 1 — A1 {1, B 3t 2 1R SR PEAS B AN N T A B LA L
V1) 1 445 38 AR A
3.1 ;A#¥A(Poisson)f&EY

TR JE 20 H£0 4] Erlang HRA FLE b 45 AR AE B2 HH ok 00129 35 90 FH T A I A Rl R L -, T LA o
A b A F A D R TR 25 R I3 302 1 I P A D 5% AR 1) R 0, AT A P 9 A A 2R AT 5 Y 4%
AR R 5 B )41 ¢ P B SR R B n(t)FF & S E0h AL BIIEAL 4 A1, B
e (4

n!

AR 1468 2032 10 I 18] T B 35 30 T S A7 S8 5000 A0, B F(t)=1—e AT, 2 v S 2o 2 £ 88 18 A 7 A Aor I 1) 11 g pA) L
A B (1 300 R A, B, 302k f S 44 R AR Ol A=1/E (). T A B0 A 5 A 2% 4 (o S 9 0 303 ) 2 57 43 A
1,3F B S — AN B — [ R S A 00 A A S Y e b i . T T D 48 I R T SR AR S U R, L
IV B 23 A7 25 5 T 4R T AR KW 1 F AR T AR A8 YA U e A 2R, DA [) 1 250 0 5t 2R T I 4% i e B o 0 5 VR
Y 1A 0T ) 3 P, 3K L S I 0 PR R R AN AR5 T, DRI A R A A AN T T 20 1 SIS 114 D9 5% i
3.2 G /RA Kk (Markov)iEE!

W T =45 8 PRS2 8] S={51,52,..,Sm} Xn T RTE N I ZARZS B BENTAZ 5, a1 5 Xag=s; B2 KA T4
B RR A, OGHI B BE T — A~ Markow 50 4 SR 2 46 & 2B 78 B ORI FE 10 (0,1,.....n,....), JUUFR Markov 4 f 55
HACER, 77 JUUFR by HE 4211 Markov . Markov & P 502 AR SRR AR T 2 DI, IXAE A3 Hid — AV RS RR LI
[F1) ) B AL AR B PR A B i 00 A (3 82 6] T ) s J L AR 23 A1 (25 RS 1)) AE — AN a5 P Markov ¥ BB rh 43 IR
AEHAE — B 1 B0E, PRI B 3A )RR R ARH05 A0 ILIY Markov #5844 LR JLF:

o On-Off Source Model and IPP (the interrupted Poisson process) Model!;

o Alternating State Renewal Process®?;

p)= " (h=012,...N) 1)

o Markov Modulated Poisson Process'®®;

o Markov Modulated Fluid Models!***%),

Markov A5 75 Jgt ) FH o — 2 a5 (10 B 7R 25 RN 3 1) 2 0 12 A48 8 o SR (KPR A AN 3 1) 1K) — 43 #7 7 75 Markov
FREAL L BRIk A5 b g | NAH DGl BAAE — 8 R 8 LA 3 45 1) 58 K v ) I Maarkov 7 2 — it HL A 6 i ke ik
(BRI R, R 43 132 . Markov 58 [ e a5 B Rl T 00 19X 485 ()3 SO 97 o2, i L JC 92 ) 8% 1) K AH DG
3.3 [EY3A(regression)EE

FE R VAR B AL ), — I 220 R B AL AR A2 ph ok 2 — AN s B 0D 7 10 H ) B L AR 8 DA S — A 1 e
B 2y V- YA R v 1) LI [l A RS AR A BAR L

o AutoRegressive (AR) Model®¢;

o Discrete AutoRegressive (DAR) Model® -39

 AutoRegressive Moving Average (ARMA) Model“%4%;

o AutoRegressive Integrated Moving Average (ARIMA) Model®?;

e Transform-Expand-Sample (TES) Modell*3~5],

B s e, % FELASC AT A A28 1 R (AR) B AL. [ [l A B L 2 Yule 77 1927 4F 2 T TN A BH 2 1 1) £ H 1y 422t
SR, AT R SR F ) B [l D i A B T80 5 370 A Sk P st 50 el Ti) — I ] 3 0 B 2 (R ok e s s TR B e R 6
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PSR, FH 3o 25 18 ke IS A S (1 L, 70 45 1 114 IF i) 3 471 v 3o B oy 80 1) 2 50 49 300000 &5 SR 1R 72 de /N P B B [
JAAERY AR (p) REALAS S 2 H A X, fad 2 p ME R Gt 4L A e 75 0 8h g 4R, T X T
Xi= X1+ $X=2+...+ g X—pt& (2
b g RSB AT T AR AR TIUIN I, RFE SR A 2R 1k Uy FR A, E SO R 7 L DR AR BRI (1 R AR R E AR
B By T 55 AHL I B AH 9% B B AR B0 SR 05, T AAS BEAR G M 00 LU 8 e sl 2218 1) B AH DG 45 1) O O 2.
34 BEREBMAE
AL SR BT 1R R AH L TR R 230 B0 0 THUR 8 LU 50 3% BA B R ML RE VRN 5 T B A el TR G W)
M 55 RS IUAT J AR S, B P AS (5] FR I 1) RUBE LA A [RVRF A4, DA T T 32 4 3 194 45 £ AR DG A S 7R 43 38 £
G510 X SRR 7 B A R MY 5% G0 A I SR AR AT SR, 2 55 U B ININ, 5R R s e MR AT, 2R 5l
55 AR A B R B SFTE A i s e 2% 5 R T L A G 7 AR (R b 45 3 v R 23 2 AT AR 20 20 AH DG &5 4 B
& BsE ok, DRI T A i R AP b 3 o AR B SR AT BUT L
1) SERRAEEE RIS 73 5 1) 2 5E AR SRIR IR, FEAN 4% M VA AR 7317
2)  ABGEIR S5 AR B AT AR O I AR B R Bl 4% 7 e K I ) RS LA SR P R R AR IR
i G A% G R B AR 10 20 BT &5 R SR 3K 2 3 B3R K 1A S ISP 3 458 IS VT AL 381 ke e A TR e IR AT ) 45

fPERE;
3) A TALRGURERY, b 55 YA 0 I, SRR 2 R, 2R A M 55 AR A B - (R A B TR

4 BHEM(KEX)RE

FI AN 1994 S B 1K) FARUR PER AL, 25 P2k T B AR DL PO O S 2R AN I b 488t 2R 1 X 8¢ 3 B 1)
FEABLE A7 WY S AR 7 58— SIS e i A A () B A 2 ), 3 558 1y 2k 1l 0 D 560 A i R e g T O 5 38 11
AL, B ey T B R AL T S BOK A VR I A 9 9 I STy AU A AR R 70 A 1 ON/OFF 43
4. Alpha-Beta on/off #H1 LLLz MIG ool BARE Y 55— S AEAT g (48 A58 21, 3 28 Ty ik Bl ) Ml il o5 ik
ASEUL TINS5 B S B B0 A A 3 AR AT FBM AL RIS T/ i (R A 7L 45
41 ERS%HHEION/OFFIREL

IR 5 S 38 oK 1) ONJOFF i, AN AR A P AN A BAAS 5 1) ON Fll OFF JRZS.7E ON IR, Hids i L ik
S (103 28 A IR HUA AL TE OFF IR, A REAT AT £ A 3L op AN 3%V ON B OFF I b 7 b 45 5 2 4y
i (W1 Pareto 43 4R). AL ZE ) ON/OFF BRI 52 ON 2551 OFF 25 f R 8] 1) 3 LUFR B0 A xQ 0 A1 47 i axX ol 4 74
ON 251 OFF 2 (35 S8 I 181 4 I B 77 2 (B v T A 4k 3% Nooah 2%)37) 14647 S5 R 6 B AN st 1) 28 Jon st 2 B0 L KA
St (Joseph %5 %)81 Alpha-Beta on/off 45 %4497 ON/OFF #5574 [y JEmh b ik —b e mn il . s A i i X
Jg Alpha 35 EREER . AR AZE R X Beta i Alpha ¥t ie 5 &3 E SR D — 39 (D F 0.1%), 1T
Yo B 1) B M AR K T 52, Beta Y 2R A R IR i i 2 o0 A SR AR L 23 3 FHAH Y. 1) ONJOFF A7 4=

JiI ON/OFF A58 8 i 7= A= [ AT B8 T DAERE 7= 24 B AT AL 358 43 it DR - 0 0 00 e B ) 25 S0 Ak /NP
253 A T I 1) S A i 12 B0 5 T2 1) R AL T 5 o PR P A i 180 5 A DG A/ X R AR 28 B 55 B 1 1 )
FE SO B T RN ML T i AR AL A 5 L A T A U i A B A, BT A YR 0 2 B ST [ 43 A B, L
By 3 R Ay W, T K 22 B 0 40 55 P 0 A S TG IR R SR T B b I S R e 158 oA S B N RS2 BIAR K
P 7).

4.2 MIG/ooHEBAEERY

FEBA S (9 HE A AU 1910 #F )22 f ik TRENT Erlang 75 fif vk 8 2l A 1% B vl i /Iy T 46 7 D, 24 I A A 148
SrRLR. I 1 — Bl R A HE A R G HE BN AR G 3 AL 2 A AN RE R L HE AR LA e 55 LA HE BA R
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48— B LU AR 24k 213K 28 ¢ AA) ) BE3 I 18] 70 A+ 1 55 I 18] B 2 A MR 55 6 B0 H b 70 26k 36 BARH 920 2K 07
T2 [ B o ARG (K 20 S5 BRI 1 4 7R85 XIYIZ JEAT 53 2R X AR B A 4k 3132k ) B I 18] 1) 7 A Y
b B IR 55 1N 18] 23 A1, 2 AR B SRR I IR 55 6 i H Al 0 A 15 5 A7 M- B K000 A, D-1f 5 71 Ek-k - B 25 2K B4
A5 G- A EL AT 53 A, G- R B L3 A1 55

Queuing system

Lepving after

Customef service
Input source Queue Service organization _—

Fig.1 Queuing system model
1 HBARGEY

F MIG /ool AR Y #4385 1 AHALLR 51 1) 7 i de 2 £l Cox #2 H SR 1, T 1998 44 Krunzy FH T~ R AR & i st
IO, s S W O TR il 0% 2 1 Mt S P S s O R 10 IR AP i .MU G oo 58 T8 S % i N B 5 9 R 2 Kk AT
Poisson & F (X M 37 AH 4K 213 1 I Tr) 1] 5 S22 5735 H000 A1), SR 48 W A1 0 95/ I 55 046 51 M 55 180 4% 119 ik 25 1
) T Jie AR SZ 7] 53 A1 G.MIG oo 51 e F- 1R BN 5 9 v 100 JBE 350 S 50 I 1) L A0 1l F) 2 471 M G oo B RS T LG o
BN 1) G A8 51 B AT R AR G (1 45880, R 48 10 IR 45 6F [R) G IR A Parreto 43 A1 1) IR JB5 25 S 307 471 46 Bl — A
T E B FE MG oo T 1) TG T2 4 FFI AR 36 25 B Bl 49 A1 bR 25038  TS0E J 119 MU Goo £55 701 1280 e i i B 51 2% 97
Pareto 73 A1 A5 415 20 73 A1) 2 s RO VAL B2 B e s PR B S U 8 ) AR 28

M/ G/ooHE A ASE 2 1, J2 — SR FH AL 7 21 15 AR B ) 2 i A2 ol T BIAE 1P ) 4% 15 46 05 T 40 2 2 8 3
HAE a5 % 10 BRI T ge vt 52 RSB 7 2K, I DUAZRE Y 1) — AN R T AHE BA R G810 5 BE A RE T I 4%
R 7 A AR PR BT S A — AN U AR B T 40 A 1R AL 1 3 U R i N I PR A B AEL
B e T RS54 — ELAL ToAT 300, 2 S A A I 45 I TR] 0y BEATL P SRR 150 ARABUARE e, BRI a9 % 9 o P SR 1
IR TT HAFEA L.

4.3 FBM/FGNi&Z!

43 A5 BiZ 5)) (fractional Brownian motion, f#i #% FBM)J2 1 Manderbrot 1 Van Ness 42 H i —F 45 1 3 47481
ot R 1 B AR R M 3 o A A B3 o A B SR
EX(FBM). ¥ X(t) kAl WIIZ 2l Frih /2 45 PR IO BE AL 78 X ()b 3 T A Biiz 3
X (0)=0,Xy (1) - X, (0)=1/7"(H +1/2){J io[(t —3)" 2 — (=) V2 dX (5)+J‘L[(t —s)" X (s) (3)

o t>0,0<H<1,X(s) b — AT WiE5h. 29 H=1/2 I, FBM Bl — Al BB 50.FBM & — R A FRa i B ARl 72,
L EM RS HFBM E—MEN 0 &L s g 12, 0 PR Ol 72 2 40 8 @ i 75 FGN(fractional
Gaussian noise).2 Zy(K)=Xu(K)=Xu(k=1), 1l Z,(K) BI 4 FGN,FGN & ~F F& 1) /™ 4 i A AR FE.

7E L HERE | Norros $2 H T —A> E AT R 2 ll 45 A 1152 & AW S5 58§ AN {5 57 B 10 0, 6] PR i N 1D 19 48
S50 A N BIE AN m, M AL R B AR R R

Ath+\/a—th,t€(0,+OO) (4)

AR B Z) t A 1 1 BT 4 45 G AR m g B I 28 G R 1T 2 RIS I ,a>0 Dl T 25 R B X A
HEIR) 43 16 A7 W3z 51 HAL A A BLE B H il AL 0.5<H<L7™ 26 4) AR W32 3 1 5 34795 2 RMDP3IZ: (H 4T 34 1
V25 1 Hurst 305 2R A — 3024 0.5<H<0.75 I, FEAE i K5 24 0.75<H<L I FLAE i/ S L& 24 H=0.5 I,
A B 25 B 5 B 1) AT BHIE B A KA 22— iy 30 B 43 T v R 7 D AR S AT PR S A L 3
A0 T SR A 45 HH, i A B Il 25 U5 Hurst Fig B0 R A7 B i 19— 3500k, TG L 45 B30 3 AR 19 01 50 A1 Al B v
37 34 B A A SR /N 2 5 3SR i A 3 A BB g iy vk 2B 4y T AR B3 .
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FBM #5784 GE A% 4 ik ) 25\l 55 ) 19 AR ARURF A, JUT5 B2 28 28 m, J7 72 a Rl Hurst 240 3 N2 Hut vl LAY
HE i 20 ) HEAN BT A A R ST ) A A L B A A B BRI RO A AR T 5 R P T e S N R AR
P73 4 FBM BT I3 17 100 23 I et I O A7 A0 — L8R F T FBM 2 7™ K B AHALL IR Ik B2 IS 7R 1) 2 B /D A 19 Al
R 0 B, AT LA RS K AR DG HS e BEAT AR (E TG J0 3k MU 55 0 R AR DR P, AT AN BB B A7 KA SRR 1 SAT
JELAH D 0 U e AE A R T HL FBM BT A A7 s 07 e, 0 T AR S )45 5 (D AlE s 30T vk 1) 45 5 ) AN BRAR 47 3t 73 A
4.4 FARIMAEZRS

43 TE ARIMA(p,d,q)P" %85 #4 (fractional autoregressive integrated moving average) & ARMA(p,q) i —A 9" &
TR, 7E d 2 0 IR ARMA(p, gy ks, 2L 5 Ui .
EX(FARIMA). A 0 I~ ABEHLF S 2 i 411

#(B)A° X, =6(B)e,, d € (-0.5,0.5), BRIERH TBX, = X, 4
#(B)=1-¢B—-¢,B* —...— ¢, BP, 3B 5T A" = (1-B)’ = C{(-B) (5)
k

6(B)=1-6B—-6,B% —...— ,B%, Cy(-1)" = I'(~d + k) [(I"(-d) " (k +1))
MIFR Xy /& FARIMA(p,d,q)id #2. 2 Hp, 8 Gamma %1, g b im0 F2. 2 k—ooft, 2 A AH G B EICH

JIA=d) | eas
,(K) = @) [k (6)

[A 1, FARIMA(p,d,0) & — B ik B AR S 72, H R A BAIL S 40 H=d+1/2.FARIMA & — A 8] 5 51 B8,
Wi p,d,q X 3 ANSHCRE ] EAHCE 8, pra+1 A S B0 A AR 1 BAH G Z5 48R d=H-0.5 IR FEA K
KAH L5102 550 d I IE DX TR AN [F], FARIMA 3 F2 R Pt AN [R). 4n 2R p=g=0, E! FARIMA(0,d,0), & /& FARIMA(p,
ol ) 74 0 85 7 B4 PR TS 2K, — RO g 43 T 32 4 e 7 9, 0<d<0.5 1N, FARIMA(p, d, )3k 74 1 LA A 2 — A
53 T2 47 Wi 75 FARIMA(0,d,0) 4K Z)) ¥ ARMA(p,a) it #%, H 4 = 321k

X=¢"(B)AB)Y, (7
Horh Y\ =A% FARIMA(O,d,0) 5 43 B 25 43t 75

43 1% FARIMA (p, d, ) 572 H S A2 58 72 A 40 B 2 23 75 FARIMA(O,d,0), 4% J& I FH 43 2 22 43 Wt 5 3R 3l ARMA
RERIZRTS FARIMA BERL S2HL0 JE 2270 51 FARIMA R 4% 5 S @R (1 — AN SS 8, nl LURIT 265 1.1 351K Hurst
SRS TR R d BEAT IR T

FARIMA (p,d,q) /2 — Fl i UE = B [ AHALEL B2, P A AT 280 bt i B A 37 o P AR R o, I It B AR 47 R 7R
LA S A SR S5 R PRl 25 O B AL R B A B  SE JR ME RN B 50 &2 S AR OK ST B 2 b O(n?), i 2L 7
S . AR — 2 11 R R
45 BT/ HER

NP 20 T2 80 RS IATEZ B ATy BUE A BT @ AT v RVE LI S A SR b R A R ) — AN
PR 38 ZAE IR N AT T2 M TR S AR BRAR I BESR  B T K B S AR A
P E A 2 0 PR B 22 R R a5 AT DA R R A R D WA S N A M R R N (BRI AR
(] 52 (LG tR T DTS o ) e R AT 2R o 8 ) LA 50 6 B A3 358 4 4 A v (B AR AT 45 4 o 190 AT 26 4
S FVESCATR (14 IRF 8] 43 % 28 7T v 4000 43 LA 68 v PRI T 4 0 o4 R ASLATG (4 B % 40 1 %), mT AR A 51 B 40 A 7 2 B 0
S HI Y AU 1, B 2R AR BT S IR AU (AR R 401 A 20 AL 90 HEARTFLR BTN R B H S F
DX 2 R R (I 5 S 1 22 RBE R P SR 3 — 255 8 7% DX 4% ) 3 e i 9,

BEHLIE 5 X(t) eL?(R) 3% 45 /)N I 48 4 (continuous wavelet transform, & Bk CWT)E b

Wy = ) = X Qa0 =X O (2o pas = v (152 a0 pem ®

PR Wap /N HL y(0) 2 /N R KL, p() 201 RO a (R Aa A2 500 b 19732 J5 453 2 IE A y (1), 100
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BEHLAE 5 x(@) 7] B H N R B A

XxO-2| [ W%w[%j‘;—adb ©

vV 0 -0
RN AR e ] 3 22300 /N AR I AR T () B A AR A A TE AT I /N B bR B i R MR AL A N R B
FEMLAE 5 xR A S Bt T3 22/ i 28 2 — b U AR A8 e, /)N I8 A 2 ) P e 2 ) () S TR S N T 4 ) g
AL bt A /) 8 A 46 I FH 28] S5 s P D9 48 9 et 4 BT+, BRSPS /N 8 ke B e b Ak 3 ) B HE AR L B 1
/I 4 (discrete wavelet transform, f&j FX DWT) A0 X 1 2 /)N B A8 4 v (¥ 45 R 7 a AP BT b 3047 B b
AR 338 T R TR A B ) S, n] CASEINHE 5 1 22 RUBE 23 A 05 00 9 92 B A5 9 B — A Rl ) /N B R
By () FIAR I 1 RS R B (t), W 2 S (L0) T 7, 2R i SR /N BRI RURE 22 8, n A X (L) s
‘/’j,k(t) = 2”2‘//(2j -k)
$ () =2"29(2) k), j,keZ
Wi = [ X (W t)el
Uj i = [ X () (Dt
PR Wiy h /N R ¥ (wavelet coefficient), % 715 £ 5 7 X il [k2 7, (k+1/2)2 T AT (k+1/2) 27, (k+1)2 Ty 34 22 42
PR § 3B j+1 AT B Ul /N RS R ¥ (scaling coefficient), 267 5 5 7 X 1] [k2, (k+ 1) 2] (g 344, T i
RAERPE | EIEAS Y EAE S (NI S O AR 4 1 BAR B R
X0 =X Vs0uon )+ 2 S W03, ) (12)

j=Jo k
W /NP R A Haar /b . Morlet 7k . Maar /)i 565 WL /NS B 34 2 T~ Haar /)N Haar /N R
BORT R PE B8 BOR J T — AN 87 B /NI IE AT B Haar /N ) R BE R BORT/INGR R B0E I F o R (A A (13), Ak
(14)FIX R (T 2(a) . &1 2(b) ST 7R):

(10)

(11)

Uji= 22U jrnzk U i 2ka)
Wj,k = 271/2(U j+1,2k _Uj+1,2k+1)
Uk = 271/2(Uj,k +W; )
U j+1,2k+1 = 271/2(U ik _Wj,k)
FHIXHE IR J5 vk Ak B2 B U 5 X(K), IR XK IS BE R 2 AATT X(K) S ks all R BE R B R W R
X(k)=2"2U,, k=0,1,...,2"-1 (15)
AT 23 AT AT LA B, /0N i A8 e EL A X A 5 10 O B, BB TR R 20 A 0 S K RS M ey T I 4% 3t o
B EAR R R TE ST B X BB A RBEA AR ) — P AL 2, Bk, /D 3 AR e 7E 0 B H B SR A,
T 18 /NI A TR S S e ST T K Y 4 i 2 R 0 AT R B A L
(1) /N 3g 7 2 357 WIG(wavelet-domain independent Gaussian)fi 24163
AN S WIG AR AT LA oK & il — AN e 0o R 2R A R A 4 B 2(0) PR B S i | R RIR R

(13)

(14)

1) ESER N R B AR 5L Ugo, B A AN B HLAZ B

2)  RIAEHE j RIS AN BRI Wy B TR AN TR ST 1K) 2 346 i 07 0 A B AL AR B, HEEAE AN R
JEE § /NI R BB T 2 A R, R T LA S B 4 F A1 W13 B A 4 T 1 £ 1,

3)  EIFEEEEN R B RO A AT U 2R R b 2 ROBE A BRI L PR /0N 8 28 K e L e A 4 24 5K
3t s A, H AR SRS B AN R n B 20 AR REOK b, B 20T DL 3 RS R KR 51
{Un 3 TR BT SR (045 A AR DR 5 X(K), 1 22 K (15) s

XTI BE D NI 5 AR5 1 T 2 1 v S 2 2% AT O(n). WIG AN 6 3 B AL Rt 1R KA 5

Gk, 10 RE IR T IR AT S S5 K. WG i — AN B3 T PR I AR mT LA ) e 30 6 ) AT S PR AT s,
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HAF R AR KR WIG B THE 5 A% FE AR, A5 I mT DA 7 i b 32 310 932 B v AR WG RS BRATY SR v T i),
T 58 R 11 A 464 i 1 2 BOIC R AT SE B I IR 2 07 22 KT 3B I WIG & B ) £ HE 25 H IR A7 803X Al 5 5 B
AHHFE.

(2) ZE A /PR MWM(multi-fractal wavelet model)®?

FH T S7 /N R AT ) v AR M A ] WG AN XTSI B 194 8%+ 1R /N I ) ROBE TR R 58 AR L EAT FE 4, OF HL
FH ST N AR R = A [ 5 2 BE LR IR FE 7P DL I 37 /N R A58 200 1 AN 1 50 4 R DL 5 s PO 2485 1) B SR 1k LA
A v BT MWM 2 T fRIE R RE R H 0 Al 70 ME 5 Haar /1N 28 VR 1 4 1k 100 B 0K /N ok fie B B 1 R
F55 T B8 B8, T 86 Ml 55 1) 5 M S A 0T /0N 98 38 50 R B 2R 0 o — S8 B 1, DA ISR ORAE AR 5 I f ek
T BN AR ek A AR b, R B R RS R R REE R B A, 9 LI A2 (W | <Uj i, TR AR B B A A B RE AR
E R R BCAELMWM BB 5N T R Ay I 7S

Wi i=Aj xUj (16)

1B 2(c) O IR, T A S -1, 1] 1 R B LA B T DURAIE A T A B R R R L MWM AR
AR S 3 4 (3 R T DA R R R

1) j=0,2E l— AN BRI (AR) S R AU Uy o

2) FEJUE j b PR B A (AT Ay kR Ao A1), FE I T W =AU BT W 0k=0,1, ..., 21-1;

3) FEJUEE j b U AT Wy N0 AR B ST R 41 1) Ujar ok A1 Ujar 2k, k=0,1,....,2-1;

4) {0 j, PR 2). IR 3), HERIAFI A j=n M1k,

(a) Binary tree of scaling coefficients (b) Recursive scheme for (c) At scale j, generate the multiplier A;x
from coarse to fine scales calculating the scaling coefficients form the wavelet coefficient and
then calculate the scaling coefficients
(2) HERS 20 40085 P 1R R 2R ) — SR (b) BIHTH RS R E (c) ‘ERAEaR N T A FH 3 R,
PR RUE R H
Fig.2
& 2

MWM R —A> 2 73 T 0 e B 0 T8 /0> (10 2 B0t RE XS 0 48 3L v 1A R AR DR A A SR AT 13, 3
D P S o 0 /N RUBE TR 1R 22 90 T 1, L REAA 31 B AR Rk (1 Wi S5 JLARVA SR Lt 32 O(n), T LAARL S b D A 5K s
W28 P HE AN AL Z AR AN AR FR BT AR AEREAS RO AR T L/ 352 3 10 328 T 5% i A5 7R (1) Jo o
4.6 BEPMER/NE

3K — I T3 A 14 22 A PR {9 ARADURE RS, B s £ St e B A 24280 1 B MIMIFM ) g b A AR 030
WIG ) S s R 1800 o 3 fry s R B4 R o s 0 A AR R (99048 5 LR FiE—— A1 21 [ AL B A 0 5
S AR T B AN [R] 22 AR T B AU 2R 2 Sl 37 7 I 4 R e P it m DA IR A e T 9 Rk AR AH S 12k, )
TSR AR PE, A Bh 1 A T A TR 26l 45 70 44 A 5 T A AE AR 1 S ST i MBS R 4
T AR L.
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Table 1 Comparison of self-similar models
F 1 EHJLEN B AR
Model ONJ/OFF model M/G/oo queuing model FBM/IFGN | FARIMA(pd,q) | . \Wavelet
4 4 Y based model
Physical Some
meaning es Yes No No models®®
ON/OFF distributional Service time G distributional
LRD function infinite variance function infinite variance Yes Yes (d=0) Yes
ON/OFF distributional Service time G distributional _
SRD function finite variance function finite variance No Yes (d=0) Yes
Fractal Mono-Fractal Mono-Fractal Mono-Fractal Mono-Fractal M.WM
(multi-fractal)
Stability Yes No (most conditions) Yes Yes Yes
Marginal Lognormal
distribution Gauss Gauss Gauss Gauss (MWM)
. O(n) modelling complexity O(n) modelling complexity 2
Complexity decided by source number decided by service number 0o(n) o(m) o)

5 MEEZEHLR

2004 4, Karagiannis 5 A\ U it /)7 Tier 1 ISP ff)-B -8 % 0 5 2% B, I AT o6 415 5 0 i 28 2 PO B 00 7 A
N ROBE R AR IR, T 5 1R T AATTR P 48 3k R i B S A 1 3 T R RN 4 1. 2 T LR R 43 FF A R R 3
IS S A Y AN A B AR R AIE, 2 B Oh T TV AT b T AU L o 8% i S AR B ) R R A L
5.1 JAFAEIVAN SIS

2004 4, Karagiannis 5 A\ 3 it /347 Tier 1 ISP ff)-BF T8 i 0 5 4 B, A 645 58 A 1 28 B PO B B O /e 7
FOROBE I U ACL RS A VAR I, i £E 2 B0 ROBE U e I HH AR e M P N TRI A DG 19 AN B AR i 2, 5 4
KB ROBE b 38 2 (9 A R0 A AR e — 0.

Gyorgy A1 Tibor®®¢5L - Karagiannis %5 A1 TAE, B A7 T8 04T T SCHRIB]H AR B LA o 1l gl 422
¥ %0545 fH i+ Kolmogorov-Smirnov Jll3& s % T X A AL 7 5456 Gamma 43 A, K| b AH Y. [0 3 5 AN 1T R
SEVARA IR R T R B — A5G 1) 43 A1 K 2 AL W] [ 43 A1, Gy drgy FH Tibor 3 1T Lévy Job F& e (A2 i i 2 B s 1)
R& S Aar . TR B Ao ) — AN B Levy IR, OB aX AN BR & v LAAF BIVF 2 Lévy i 72 ok A% 40 W] [ ), 18
B4 MR R B, - Smoothly Truncated Leévy Flights(STLF)E R I T+ %0 i 45 17 [ 2 A1 ¢ k4 3 0 3o 1 4%
STLF 40, M LR B/ & B 8.0 0T 38 5 102 50U R, B B B A i B2 (E AR 75 5 B AH AR AE 3K
U6 LE DA (0 =, A %) w8 e D R i 2R A TR R B R T B T 2 R R IR SR AE 1 98 R M ) S 59 0
AR I 0 37 22 o B T e 370 R A 43 A Gy drgy: T Tibor I B ARADUASE 50 0 28 28 43 J A 0 ) 40 AT 6318 17 A ) )
TR, H A A A S R 5 R M AR B

Pierre %5 N\ 8 5 20 H7 7 4F 5158 K1V 2T 6 101 K () 370 8 B8R 2% L, LR D A7 4R - F 5 270 L R Ml s,
TR VL 110 00 % AT T v YT P VSR I ) b R RR AR e A 0 0 T, B 7 i 5 S o e % 110 4 5 R0 9 28T K
TR BA A 2 A e R, TR BT SR e LA ) 0 T 0 4% () 3 B . Rahman 2 A 590% 1 B4 H i
Y T 0 2 T A% G 1) 40 T 905 40 A A TR R 2 B R RN B I 32 Y T Fuzzy Group Model, ] Fuzzy & 45 K K
WD T RS S S e M A AR e ST A T I A — A 0 AR, B R0 R B TR ) A e A LI KR A
Xar K R N A TR A TR BE R ME T B 43 A RS H s /N AR S R RN TR) B K /N Fuzzy 25 &
FIZ 4R WE, H AFR - U A HEBAAF 7E.R € (0,1),R R K, e s BA B B e 38 3 52 36 49T, AR R ) 22 40 R LR 4
R PR 250 H R 8E T8 G b S 37 22 1) AR
52 IEFEHMERNE R
52.1 s s

W 7 A VR I AN T R, G R PR A e M AR B g RS AT 200 27 51 O A TINS5 PR 18 v R I R A
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KE AT 4 W44 B8 . BORITEL S . RIS, O TR, S\, A% K2R

(1) FET e M i (oA 7R

N L ph £ 2% (artificial neural network, 5 R ANN)AZ 38 A2 47 24 v i 28 T 468 1) R AR JR 3 42 g ol L RR 1Y
B AT B30 0 3R 1) 7 10 2 R R (1 B B TR ANING 0 A 75 7OV 300 3k SRR g sk 7 e A A B o 22 190 4% (1) 91
SR T A YN A o 9 2 BT I A2 AR TR i T SR oI 4 S I T 4D 9 . ) 8% 2 TN 880 512 o A — A I T
v 590 AR R 2 8 SR AT T 5, T 3% A0 R 4 4 i R LR H R SR G A S BRI H R 2
BT SOy P BRI AN |43 e ;i LTI B 7 K R I YIRS Rk AR, AN B 2 1A AT 38 n T
N ) R 2 ) 2 ke Ah B . DK TR OC R . R ACTE R I TR G R e 2 W 4% 1 B S5 E G 1R 2 TAEH Ff
WA,

(2) JRVEEIS A

TR — PP 22 iE B R, B AT A K TR . AN ] o i R 2 10 U0 55 2 AN A I AGE , e ) s i
T¥1) JP 1) 4D Y8 L AR 1 — L ] A A 2 2 0 9 60 s ) 95 45 9 1 L A S v, DA SR BsF i) P 20 1) £ 3 SR 9T
B b 45 940328 2 S W] A7 ARy 58 7 RO RRE RIS Pruthii 5 B2 H SR AR i o ) T o e S s 750 E24 281 e ) 2 2 0 3 )y
T BEAT T KRR 523 b 0 42 25 NUEE wolf S13A 2R R B4R 1 T — AN IR B A B A SBARR e T ok
Lyapunov &% 0TI 5 12 2 B BRI B0 7 9 A% 5 B 2 8 00 AR SR EAT TR0, AN 75 22 e 37 LA 43 M A
Be AR RE R A5 FE R ROD0 o5 2 T TR V08 P A 208 3 o T — R B SR 222 R, Bl 5 0 ) 484 37 R
T G A B 14 33— A SR NI, TR 194 o] S ek ARG 0 B vy, ol 82 0 B .

(3) LA T i A2

BB 18 (fuzzy theory) & AR BRI B M AE St &5 i) K — A 0 T B bR IE & T 3 0A IR Lo M 518 1t
PRSI E T P 4 3 o A — A Sl ST P BT ) 0 2, 1T AR08 6 458 5% B [ 3 ) 1647 T, R 1 v AR B i 5
N1 I 64 37 B 1) SR AR T (R R R A B BT e 5 ANIN 45 6 2 A0SR ol 46 1Y) 8% £ 30 2 00 o At 5 AN 2D
JH. 2 3k 25 N T2V ) o 2 9 4% AT 9 e 0 ) o 8 v 7 T S 80 17 00 0 A P 82, 30 st 4 2T LAl 2 o
25 0 4% B NN s T A 1 40 4 X 4% 2R 49 T A A 8 2 R 5 M 79 O T 0 000 B A Bt T — R R o 42
2 RIS — T T T 3k 7 ANIN i HH 3t 388 00— AN BRI 2 £, T A ANIN 000 S oA e 425 SR i N R 4 Y 4% TR 55 )
TE M R F R ATIE IE.

(4) AR

B (R TR A A . AR B L Ly R AR . ARMA BEAY /NS4S T R Z0 T iR
TR T FR BB A ARUARE PE 1T AN BB AR b 3ol 25 9 10 AT TR0 R L 5 1) T A 2 v A B A A 4 TR S 3k R T
IS s ) 4% 30 e B4 DR B 5 N L7305 ) N S 1 JR T SRR R i ) 0% 7 B A, O o AT AR R R 1) 8 X % U
=R 4 FORAS AT W B TR R AT ST BRS04 I e A 1 R % loDR 7 1] (1 AH T3 4 00 Rl
T 0 28 B AU B A M AE — 0 BB 45 A R A 1P W 2% 3 A A T IR A I IR A LATT A3 B2 B, 78 2 IR &R
JIE M IE 259341 78 _ETF T Bk 28 TR IRAEE Koo A it & ABE T4 ARIMA 28 PEFII 5 75 51 /N a8y, 32
H—ANEE T2 5 3 T /IN IR 2R 114 D59 86 3t TR ASE 28 B 6o o, Ay SR X ML AN —— 255 22 N R TR S B 2 ke
TR 1, mT DAL 22 AR TR (1) R s, B 4 TR b 220 1 0 2% ) 98 R 3 T b, T DA SR R R A 1 T A Y
AT LS IN MR A TR A A R0 T S o 04 2% i B A, 3 T T R AR AR R S A R R R A AR A 2 1
T A5 R A A T PR — A8 TR S EL A R I T 25 S AR Y A 2R ) A M R T S I ) P M 25
Pk K ILIE 7.
522 ZIyJBH

AR AR AR T 558 R P Bl T RBE I a0 i1 3 2 0 KA SRR L DG VA R M 55 1) R SRR A 5 e /I f e g R
B F(sub-RTT), Ji &2 44 I H B 5k 52904 (1 A8 Ak A, G L A2 JR 3 B A S i v IRt /s JROBE T ) S8k Pl LA 22
TR .2 a(to)>1 I, B E to BT RG24 ato)< I Wi 1 to BT 2 Uk 6f W0 2% 378 e E AT s 3 35 L 1)
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5 2 WIS i COJE I B — 10 Hurst FE 50 U AR A0 b 26 1) 58 AR TP A 45 14 22 T 43 W ) I 44 35 93 #
JPVETC B T4 5 AR 22 B 43 T AE (] b RURE H B A8 306 17 G B T 1k — 25 49 W7 22 5 43 TS 1) e R 24 e i) L8
FAT IR IR O B 2 R B T % T TR

M3 Cascade #5R7SIep 36 F TCP IS AR 4 00 30 8 ph KR FE 21 410K J3E (947 4 HEAT 1 18 ik A G E 9 W,
AR 1 RE T RE S TCP/IP iSO I F 2 345 i 2 1) AR BLRIA O b 5, XA — S8 P 4t B NG V5
WIWh CAEAE RTT I DREEE 1 fF) TCP b3, JEAS IS I 20 A4 S 4 AL Hll K 8 755 199 8% THI I s g eF 1 % Al 5
ST A T ALk PR JR3 S 9 R AN R 1 Je DT D SR 13, I 45 B IR 43 R R R 22 Ty T T R S SRR T T IR
() % T 4% % /N % B & MWM(multi-fractal wavelet model)® L) 41 Gabriel 2 AUV £ 4% % 41 W1 12 3)
(multifractional Brownian motion, fij Fx mBm)ft#s 43 K4 {13 5 (FBM), I3 Ji T Norros 2 Hi f¥) FBM 5 #4152,
7 J5 1) mBm A AL BE 8 DT I B E /N RUBE T 19 22 93 B, SR TG IR0 348 et K IRF ) RUBE R 1 KA D6 FR Bl 2% 3 £ T
g i N VT8V 3ok 3 Wi 0 70 22 94 T 4 ) PR R S Pk R B, 22 T4 T T AR S 1 B HL LA KA S 0 20 TR e 1 X 4%
UL 7 4 Ak Ay ] P R AR O (SRD) AR AL 2 = 1) )3 41 41 R T 22 T 9 S Boks 6F 1) 157 41 43 i 4 22 2 10 16 00 32 1
TR g 4 2 I FIR #0209 45 37 5 T A% B (multifractal FIR network, i #% MF-FIR).MF-FIR 4 i £l
T WET I LRD A5 B, AT R U (¥ 22 25 T v R, mT LA AL T8 15 R G0 26 T 11 22Kk

6 & 2

NI A TR 110 A i iod PSR U e R 1) A R A AR — AN R AT OG- FLARBL- 22 40 T I R D R AR [ 11
R 7R Tt 3R 1 97 R T ZAS B A AN [ ) R S 2 3 3 9 P A ) B0 R — AN A A R, 2T A A
SRR, DRI 4 1 /NG X IR HE B R G890 5 B AR 20 375 3 98 5t 0 ARVABL R AR DGR P, 280 1 7 2 1 KA G
i, DRSS A 1K 2% 1 X IR R BA 2R 5 90 W5 22 0 PSR 280 T 22 b Y 30 2 190 400 20 AT 0 o TOT 00 A 28 3= 32 A 1o
Aok B IE Ut L K /NS

F) H {72 1, Internet 1 2% 9t B AR 2R A T — o (R 5080 SR H 2 5 ARGS9 2RI A7 AR AR ORI 22
P T T ) LR 9 5 I e ALY W] DA B 1(L) e S SO G B IR 9 8 A R RS 40 T IR A I IR)
FeHI A AR R LB S H F5(2) FE T /N RO IRt AT B9 90 AR G 10 B FH i &b T 1 GG B B, E i &
IR/ REE R 1 22 54 TERERL I E 5T;(3) AT 11 8 e 4SS 20 0] . 250 2 A 70 5 0 S R A, 7 A B ASE R ) O S
T AN S TR SR E . AR P AR R AT 9 S SR A AL A AR R R R —
AL R AL 3 R 0 48 R GE I W) B A (4) R AR O T %5 - 7 b sie o it ek PROREE, 2 1 R AL S5 i
1E 38 7 55 2 LA N P ()AL 11 R R R AN e A - 0T 45 - L AR P I ok 39 488 45 365 1 I i) R R T L A Dy
R T A R BR TR AMBEEE R H %85 (5) W R RN AR 4 5 Rk i B 1M M 2 181 4%
FE— R TP T 3 AR T I AR G (37 S A P R o 7 S P A 28 O 3 A R R A

F TR R R L AR BT LA JUAN 7 T K J B8 it A R () %

(1) BT RU R e R SL R R S R R I

T A PR A2 R o 3T I R T P 40 1) AR i R R B2 8 W B S PR B B A7 AE I 2 ok
SR PEA A R ER R T T E R IR YE, 0 A ARV K AR S P . AN RBE R I Z ATk TR IR R S 1 4
SR AT 7 IX R 1) A BB RN R L G R L o) 220 R R P T R St i o ) 8 R AT 503 A A S
A T (RRE ST T A 55 A, T (1% I 8% e 8 2 e (10 7 e 4 36 T A0 000 I )R e R AT % R L A T v B R
R AN B A )AL (AN 1) F TG 2145 J6L).2008 4F Fonseca 25 A 7SV 42 LR 1) 77 vk R BRI B 4% 1) B 1R
S ITAFAE KR B SR AN 0 AR TR T T 1A 7 10, 3 1 IS P AUk A8 5 1T 3 140 7 B A 2
AT R T AR R B B S O R A AN B ST B A R RS A R B R AR RS KR
FLAHOCHEVE 5 25 TR JEL 0 8 Ee A 5 0 R AW A M o T e A 2R 11 7 P 4918k

(2) L (1 /N JOBEAT SRy IE ORI O 1 3

P 2% 1 AR BT S5, 45 Bl 28 110 D0 266 M 25 A1 7 AN BB ¥ AL, 0K #4845 009 26 4T Ay 1140 B2 2% Tk AN BT B8 i s 9 L el -1
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T3S AN [7] A 375 0 e 145 N 58 [ S 0 2 M 18 e 0L AT b, 190 206 6 (19 /8 RUBEAT DAy (R0 F 008 v P B i3t
T W IR M BT S AR B AR Sk A T RS LR I 2% 1 2E Y SR AT AR 2, 3K
ATTRT BLES B W A8 AT D XF 190 258 A1) 2 £ B R E AT I 55, AT A8 LE A B2 13 47 0 48 B 8, I LK 199 2% A 51 93 A0 199 2%
S TN S AP 90 45 15 28 0 296 10 S B Pl 2 v, AR S IR PR 0 296 0 55 X A B2 B ATT 4 i IR 987 1

(3) B K PBEAS L 1) e Je

T PR 40 BRI A2 Je i L AEtT I, b T B Y 3 {1 S S 9P R ) 0% 5 P POl DAL X 17 4 46 B AT A KR
AT EGF R SESERIIR S RE NS PR S B 100 45 AT A (10 ) BB TR A A e oK T IE R X 28 M 26 4T, B 3L T U
4 5 ARALLAT /N IS 1) ROBE 16 2 0 T A RAS (322 R 0 1R 1t A 0 0 28 1) 1) 208 A DA RUAH TG 900 0 AR AL 19 0% 3% 38 B
REMPRE W 2 40 40 SR . DRSS AR SB AR A  AT D S5 R AR AIE AR 5G 6 3 AR AR B 2 1) 45 5 A AL PR 1K)
B, 0 SR 22 A HT IR L AR I 10 400 B ASE R A i J R oA AR R 3K S8 R . — b R ) JE B R  JR BLAT PR R 0 A
ON/OFF &2 ffiJLAE ON 25 A A5 A7 TR B A5 AR AL e e 5 223 [R]_E 735 5 3 R sl 40 A (W1 Pareto 73
A7) IR AL R IR AN AR I 8] 7 AT AR, ELEG 2 1] Ao £ 6 46 4 e BoAT B AR

(4) SHT AR V2 AR B AR SR AR R 11 ¢ e

H AT, iR E S/ QoS WL PEREAS B L v N 4 4003 3K Al B AE 5 A F) U0 B A 2R AN 55 2 R A
SV IR R SR PR U R R A B T B I B YA AT AU P 1 2 TR R R B K M e U A Y
(107 7 FHY 400, G 7 19 2% B0 4% Ve vk o RS ELIR I BE T . IS AT B S o 00 L 4 0% 1 FH PR A0 A 1 45 1T S
SRS B O I 5 0 A I VR R Lt 5 o i, e A2 P v 8 T 0 B ) 25 2R R RE SR, AR 2D 1
FEB)) 75 T RIBIETT, 0 R TR o R 2 kI S T (AN AL T AR S A 9 — 3 T MR 0 £ 97 5 P £ A B
I3 75 T g N P A S 1 R AR PR A S 1, 55 1 B0, PO AR S B o RS RL A I Y A i S 0
SER R S I R AL AR R R R R A, MR R A R T 1) MR 5 2 5.1 3R B BT X
HEBAT Fuzzy Group B0 it th (1) 24 R LUARGEREAL K240 H R4 5 47 Hb S Wt i (K R AR 1. 53 4 R
B R P B R AN AR A ST R 7 1)

(5) 2R fi] SRR A 1 0 A

WA 44 it S A IS A AE AR 2 A A T 2D AR R R i, T, X 4 R R ) 2 B 2 A TR gl AORS 1 iEE
LI 0 % G0 YL (T O A 0 5 BN A2 2% BHLAR 0 A R SR 7 2t DR e 4R i, L AR ) U Y
SR ] B, 2 R R /D L o 08 B, A S £ 199 0% 9L 0 A 0 o) 8% 90 A R PR i P R 52 2% R A3
LA R il AN P e 5 8 AU I AR (1 52 SR, K Internet 9 £t e g HLA I 46 14 37
G55 KBTI FEMILICE, JF W JE 22 57 K AN R I 2 (K B AP A S BhARIERAT o 4 I B e I 45 15 R SR,
BIFFU AT 2 T (1 3 3 A5 A AT AR FL IR R 2 A SRARAE AR AW ST IR 5 1.

7R %

ASSTRE X LI 90 208 it B AR SO — IR ST U, 4 T DY B L A B I 3 X 2 BT T AT R R S A
LS 41 T 190 258 0 e S 1) R SR 232 R I 4 JR A 4t - LAV BL-YE A BE Y [ 9 51 R R i8I 3 NI BE S 32K
LA 7 AH 5% B 190 208 3 R R ) e e AR S L — A PR ) il 0T 3t S R ) e R AT T IR N A B3 B 5 BT T
R R T R PR AT AR A IR, 23 A LA T 45 i B 0 (R DI B s o i 20 AT 1 R R A i b PR A A R T I
AN AR IR Y W RE (1A S 1R

AT U TR 9 e — N3 2B 2R R 3l 40 A 1, 36 o 1 9 et i — i 2 2 i s . B A e e 1 )
R FRE RN R A AN P O R A B G R e, K B2 I 1 R A Ok - AR 22 23 TR 1A R e il e AR T XA i AN
AR AT AN A 2 T B A R AU 1A P R AIE 1R B B P U R AR g AR SV EL

BoSt MKW B BRREE I TEAURT R 1018 SO L R SR OGN R A I I R S
FUAB R A AE B AE L RE T 45 7 BT RL SRR 1)

© HEBEERAET hitp/ www, jos. org. cn



128 Journal of Software #+% 4% Vol.22, No.l, January 2011

References:

[1] Leland WE, Tagqu MS, Willinger W, Wilson DV. On the self-similar nature of Ethernet traffic. ACM SIGCOMM Computer
Communication Review, 1993,23(4):183-193. [doi: 10.1145/167954.166255]

[2] Leland WE, Tagqu MS, Willinger W, Wilson DV. On the self-similar nature of Ethernet traffic (extended version). IEEE/ACM
Trans. on Networking, 1994,2(1):1-15. [doi: 10.1109/90.282603]

[3] PaxsonV, Floyd S. Wide-Area traffic: The failure of Poisson modeling. IEEE/ACM Trans. on Networking, 1995,1(3):226—244.

[4] Klivansky S, Mukherjee A, Song C. On long-range dependence in NSFNET traffic. Technical Report, GIT-CC-94-61, Atlanta:
Georgia Institute of Technology, 1994.

[5] Crovella ME, Bestavros A. Self-Similarity in World Wide Web traffic: Evidence and possible causes. IEEE/ACM Trans. on
Networking, 1997,5(6):835—846. [doi: 10.1109/90.650143]

[6] Karagiannis T, Molle M, Faloutsos M, Broido A. A nonstationary Poisson view of Internet traffic. In: Proc. of the 23rd Annual
Joint Conf. of the IEEE Computer and Communications Societies. Hong Kong: IEEE, 2004. 1558-1569. http://ieeexplore.ieee.org/
xpl/freeabs_all.jsp?arnumber=1354569

[71 Liang Q. Ad hoc wireless network traffic-self-similarity and forecasting. IEEE Communications Letters, 2002,6(7):297-299. [doi:
10.1109/LCOMM.2002.801327]

[8] low J, Leung H. Self-Similar texture modeling using FARIMA processes with applications to satellite images. IEEE Trans. on
Image Processing, 2001,10(5):792-797. [doi: 10.1109/83.918571]

[91 Mark C, Balachander K. Internet Measurement: Infrastructure, Traffic and Applications. Chichester: John Wiley & Sons Ltd., 2006.

[10] Yang JH, Wu JP, An CQ. The Theory and Applications of Internet Measurement. Beijing: The People’s Posts & Telecom Press,
2009 (in Chinese).

[11] Sadrer KR, Haverkort BR. A validation of the pseudo self-similar traffic model. In: Proc. of the Int’l Conf. on Dependable Systems
and Networks. Bethesda: IEEE, 2002. 727—734. http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=1029018

[12] Taqgqu M, Teverovsky V, Willinger W. Estimators for long-range dependence: An empirical study. Fractals, 1995,3(4):785-798.
[doi: 10.1142/S0218348X95000692]

[13] Teverovsky V, Tagqu M. Testing for long-range dependence in the presence of shifting means or a slowly declining. Journal of
Time Series Analysis, 2001,18(3):279-304. [doi: 10.1111/1467-9892.00050]

[14] Higuchi T. Approach to an irregular time series on the basis of the fractal theory. Physica D, 1988,31:277-283. [doi: 10.1016/
0167-2789(88)90081-4]

[15] Peng CK, Buldyrev SV, Havlin S, Simons M. Mosaic organization of DNA nucleotides. Physical Review E, 1994,49(2):
1685-1689.

[16] Pacheco JCR. Behavior of R/S statistic implementations under time-domain operations. In: Proc. of the 3rd Int’l Conf. on Electrical
and Electronics Engineering. Veracruz: IEEE, 2006. 1-4. http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=4018020

[17] Julio C, Pacheco R, Roman DT. A tool for long-range dependent analysis via the R/S statistic. In: Proc. of the 15th Int’l Conf. on
Computing. Mexico City: IEEE, 2006. 361-366. http://www.computer.org/portal/web/csdl/doi/10.1109/CIC.2006.16

[18] Julio C, Pacheco R, Roman DT, Vargas LE. R/S statistic: Accuracy and implementations electronics. In: Proc. of the 18th Int’l
Conf. on Communications and Computers. Puebla: IEEE, 2008. 17-22. http://www.computer.org/portal/web/csdl/doi?doc=doi/
10.1109/CONIELECOMP.2008.14

[19] BeranJ. Statistics for Long-Memory Processes. New York: Chapman & Hall/CRC Press, 1994,

[20] Fox R, Tagqu MS. Large-Sample properties of parameter estimates for strongly dependent stationary Gaussian time series. The
Annals of Statistics, 1986,14(2):517-532. [doi: 10.1214/a0s/1176349936]

[21] Wornell GW, Oppenheim AV. Estimation of fractal signals from noisy measurements using wavelets. IEEE Trans. on signal
processing, 1992,40(3):611-623. [doi: 10.1109/78.120804]

[22] Riedi RH, Vehel JL. Multifractal properties of TCP traffic: A numerical study. Technical Report, RR-3129, INRIA, Rocquencourt,
1997.

[23] Ikoma N, Shimizu T, Imazu K, Yana K. Decomposition of network traffic of dialup access into trend and periodic components
based on nonstationary Bayesian model. In: Proc. of the SICE Annual Conf. Fukui: IEEE, 2003. 2830-2833.

© HEBEERAET hitp/ www, jos. org. cn



KE Finternet A AR AT 5 RE 129

[24] Erramilli A, Singh RP, Pruthi P. Chaotic maps as models of packet traffic. In: Proc. of the 14th ITC. 1994. http://thyroid.org/
ann_mtg/ITC2010/index.html

[25] Erramilli A, Singh RP, Pruthi P. Modeling packet traffic with chaotic maps. In: Proc. of the ICC. 1995. http://citeseerx.ist.psu.edu/
viewdoc/summary?doi=10.1.1.46.8102

[26] Erramilli A, Singh RP. An application of deterministic chaotic maps to model packet traffic. Queueing Systems, 1995,20(1,2):
171-206. [doi: 10.1007/BF01158436]

[27] Adas A. Traffic models in broadband networks. IEEE Communications Magazine, 1997,35(7):82—-89.

[28] Hassan H, Garcia JM, Bockstal C. Modeling Internet traffic: Performance limits. In: Proc. of the Int’l Conf. on Internet
Surveillance and Protection. 2006. 7. http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=1690391

[29] Bonald T. The Erlang model with non-poisson call arrivals. ACM SIGMETRICS Performance Evaluation Review, 2006,34(1):
276-286. [doi: 10.1145/1140103.1140309]

[30] Grassmann WK, Luo JX. Simulating Markov-reward processes with rare events. ACM Trans. on Modeling and Computer
Simulation, 2005,15(2):138-154. [doi: 10.1145/1060576.1060578]

[31] Heffes H, Lucantoni DM. A Markov modulated chracterization of packetized voice and data traffic and related statistical
multiplexer performance. IEEE Journal on Selected Areas in Communication, 1986,4(6):856—-868. [doi: 10.1109/JSAC.
1986.1146393]

[32] Yang XS, Petropulu AP. The extended alternating fractal renewal process for modeling traffic in high-speed communication
networks. IEEE Trans. on Signal Processing, 2001,49(7):1349-1363. [doi: 10.1109/78.928689]

[33] Shah-Heydari S, Le-Ngoc T. MMPP modeling of aggregated ATM traffic. IEEE Canadian Conf., 1998,1(24-28):129-132.

[34] Maglaris B, Anastassiou D, Sen P, Karlsson G, Robbins JD. Performance models of statistical multiplexing in packet video
communications. IEEE Trans. on Communications, 1988,36(7):834—844. [doi: 10.1109/26.2812]

[35] Sen P, Maglaris B, Rikli NE, Anastassiou D. Models for packet switching of variable-bit-rate video sources. IEEE Journal of
Selected Areas in Communications, 1989,7(5):865-869. [doi: http://dx.doi.org/10.1109/49.32350]

[36] Shim C, Ryoo I, Lee J, Lee S. Modeling and call admission control algorithm of variable bit rate video in ATM networks. IEEE
Journal of Selected Areas in Communications, 1994,12(2):332—344. [doi: 10.1109/49.272884]

[37] Cohen D, Heyman D. Performance modeling of video teleconferencing in ATM networks. IEEE Trans. on Circuits and System for
Video Technology, 1993,3(6):408—-20. [doi: 10.1109/76.260197]

[38] Heyman D, Lakshman TV, Tabatabai A, Heeke H. Modeling teleconference traffic from VBR video coders. In: Proc. of the ICC.
IEEE, 1994. 1744-1748.

[39] Heyman D, Tabatabai A, Lakshman T. Statistical analysis and simulation study of video teleconference traffic in ATM networks.
IEEE Trans. on Circuits and System for Video Technology, 1992,2(1):49-59. [doi: 10.1109/76.134371]

[40] Bagnall AJ, Janacek GJ. Clustering time series from ARMA models with clipped data. In: Kim W, Kohavi R, eds. Proc. of the 10th
ACM SIGKDD Int’l Conf. on Knowledge Discovery and Data. New York: ACM, 2004. 49-58. http://portal.acm.org/citation.cfm?
id=1014061

[41] Grunenfelder R, Cosmas JP, Manthorpe S, Odinma-Okafor A. Characterization of video codecs as autoregressive moving average
processes and related queuing system performance. IEEE Journal of Selected Areas in Communications, 1991,9(3):284-93. [doi:
10.1109/49.76626]

[42] Kohn R, Ansley CF. Estimation, prediction, and interpolation for ARIMA models with missing data. Journal of the American
Statistical Association, 1986,81(395):751-761. [doi: 10.2307/2289007]

[43] Frost V, Melamed B. Traffic modeling for telecommunications networks. IEEE Communications Magazine, 1994,32(3):70-81.

[44] Melamed B, Hill JR, Goldsman D. The TES methodology: Modeling empirical stationary time series. In: Swain JJ, Goldsman D,
Crain RC, WiLson JR, eds. Proc. of the 24th Conf. on Winter Simulation. Arlington: ACM, 1992. 135-144.

[45] Melamed B, Hill JR. Applications of the TES modeling methodology. In: Evans GW, Mollaghasemi M, Russell EC, Biles WE, eds.
Proc. of the 25th Conf. on Winter Simulation. Los Angeles: ACM, 1993. 1330-1338.

[46] Willinger W, Taqqu MS, Sherman R, Wilson DV. Self-Similarity through high-variability: statistical analysis of Ethernet LAN
traffic at the source level. ACM SIGCOMM Computer Communication Review, 1995,25(4):100-113. [doi: 10.1145/217391.
217418]

© HEBEERAET hitp/ www, jos. org. cn



130 Journal of Software #+% 4% Vol.22, No.l, January 2011

[47] Mandelbrot B. Long-Run linearity, locally gaussian processes, H-spectra and infinite variance. Int’l Economic Review, 1969,10(1):
82-111.

[48] Willinger W, Taqqu MS, Sherman R, Wilson DV. Self-Similarity through high-variability: statistical analysis of Ethernet LAN
traffic at the source level. IEEE/ACM Trans. on Networking, 1997,5(1):71-86. [doi: 10.1109/90.554723]

[49] Sarvotham S, Riedi R, Baraniuk R. Network and user driven alpha-beta on-off source model for network traffic. Computer
Networks, 2005,48(3):335-350. [doi: 10.1016/j.comnet.2004.11.024]

[50] Krunz M, Makowski M. Modeling video traffic using M/G/w input processes. IEEE Journal of Selected Areas in Communications,
1998,16(5):733-748. [doi: 10.1109/49.700909]

[51] Mandelbrot B. Self-Similar error clusters in communication systems and the concept of conditional stationarity. IEEE Trans. on
Communication Technology, 1965,13(1):71-90. [doi: 10.1109/TCOM.1965.1089090]

[52] Norros I. A storage model with self-similar input. Queueing Systems, 1994,16(3,4):387-396. [doi: 10.1007/BF01158964]

[53] Lau WC, Erramilli A, Wang JL. Self-Similar traffic generation: The random midpoint displacement algorithm and its properties. In:
Proc. of the IEEE ICC, Vol.1. Seattle: IEEE, 1995. 466-472.

[54] Paxson V. Fast, approximate synthesis of fractional Gaussian noise for generating self-similar network traffic. ACM SIGCOMM
Computer Communication Review, 1997,27(5):5-18.

[55] Flandrin P. Wavelet analysis and synthesis of fractional brownian motion. IEEE Trans. on Information Theory, 1992,38(2):
910-917. [doi: 10.1109/18.119751]

[56] Ledesma S, Liu D. Synthesis of fractional Gaussian noise using linear approximation for generating self-similar network traffic.
ACM SIGCOMM Computer Communication Review, 2000,30(2):4-17

[57] Beran J, Sherman R, Tagqqu MS, Willinger W. Long-Range dependence in variable-bit-rate video traffic. IEEE Trans. on
Communications, 1995,43(2-4):1566—1579. [doi: 10.1109/26.380206]

[58] Huang CC, Devetsikiotis M, Lambadaris |, Roger-Kaye A. Modeling and simulation of self-similar variable bit rate compressed
video: A unified approach. ACM SIGCOMM Computer Communication Review, 1995,25(4):114-125. [doi: 10.1145/
217391.217420]

[59] Flandrin P. Wavelet analysis and synthesis of fractional Brownian motion. IEEE Trans. on Information Theory, 1992,38(2):
910-917. [doi: 10.1109/18.119751]

[60] Ma S, Ji C. Modeling heterogeneous network traffic in wavelet domain. IEEE/ACM Trans. on Networking, 2001,9(5):634—649.
[doi: 10.1109/90.958331]

[61] Ma S, Ji C. Modeling video traffic in the wavelet domain. In: Proc. of the 17th Annual IEEE Conf. on Computer Communication,
INFOCOM. San Francisco: IEEE, 1998. 201-208. http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=659655

[62] Riesi RH, Crouse MS, Rbeiro VJ. A multifractal wavelet model with application to network traffic. IEEE Trans. on Information
Theory, 1999,45(3):992-1018. [doi: 10.1109/18.761337]

[63] Grossglauser M, Bolot JC. On the relevance of long-range dependence in network trafficc. ACM SIGCOMM Computer
Communication Review, 1996,26(4):15-24. [doi: 10.1145/248157.248159]

[64] Barakat C, Thiran P, lannaccone G, Diot C, Owezarski P. A flow-based model for Internet backbone traffic. In: Proc of the 2nd
ACM SIGCOMM Workshop on Internet Measurement. New York: ACM, 2002. 35-47. http://portal.acm.org/citation.cfm?id=
637206

[65] Gallardo JR, Makrakis D, Orozco-Barbosa L. Use of a-stable self-similar stochastic processes for modeling traffic in broadband
networks. Performance Evaluation, 2000,40(1-3):71-98. [doi: 10.1016/S0166-5316(99)00070-X]

[66] Terdik G, Gyires T. Internet traffic modeling with Lévy flights. In: Proc of the 7th Int’l Conf. on Networking. Singapore: IEEE,
2008. 468-473.

[67] Terdik G, Gyires T. Lévy flights and fractal modeling of Internet traffic. IEEE/ACM Trans. on Networking, 2009,17(1):120-129.
[doi: 10.1109/TNET.2008.925630]

[68] Borgnat P, Dewaele G, Fukuda K, Abry P, Cho K. Seven years and one day: Sketching the evolution of Internet traffic. In: Proc. of
the 28th Conf. on Computer Communications (INFOCOM 2009). Rio de Janeiro: IEEE, 2009. 711-719.

[69] Rahman A, Kennedy P, Simmonds A, Edwards J. Fuzzy logic based modeling and analysis of network traffic. In: Proc of the 8th
IEEE Int’l Conf. on Computer and Information Technology. Sydney: IEEE, 2008. 652-657.

© HEBEERAET hitp/ www, jos. org. cn



KE Finternet A AR AT 5 RE 131

[70] LiuJ, Huang YL. Nonlinear network traffic prediction based on BP neural network. Journal of Computer Applications, 2007,27(7):
1770-1772 (in Chinese with English abstract).

[71] Lu JJ, Wang ZQ. Prediction of network traffic flow based on chaos characteristics. Journal of Nanjing University of Aeronautics &
Astronautics, 2006,38(2):217-221 (in Chinese with English abstract).

[72] Wang ZX, Sun YG, Chen ZQ, Yuan ZZ. Study of predicting network traffic using fuzzy neural networks. Journal on
Communications, 2005,26(3):136—140 (in Chinese with English abstract).

[73] Huang XL, Min YY, Wu Q. A semi-Markov model for network traffic. Chinese Journal of Computers, 2005,28(10):1592—-1600 (in
Chinese with English abstract).

[74] Hong F, Wu ZM. Multiscale network traffic prediction model based on wavelet. Chinese Journal of Computers, 2006,29(1):
166-170 (in Chinese with English abstract).

[75] Gilbert AC. Multiscale analysis and data networks. Applied and Computational Harmonic Analysis, 2001,10(3):185-202. [doi:
10.1006/acha.2000.0342]

[76] Feldmann A, Gilbert AC, Willinger W. Data networks as cascades: Investigating the multifractal nature of Internet WAN traffic.
ACM SIGCOMM Computer Communication Review, 1998,28(4):42-55.

[77] Bianchi GR, Vieira FHT, Lee LL. A novel network traffic predictor based on multifractal traffic characteristic.In: Proc. of the
Global Telecommunications Conf. (GLOBECOM 2004), Vol.2. Dallas Texas: IEEE, 2004. 680—684. http://www.ieee-globecom.
org/2004/committees.html

[78] Wang SH, Qiu ZD. Network traffic nonlinear prediction combined with mutifractal. Journal of Communications, 2007,28(2):45-50
(in Chinese with English abstract).

[79] Fonseca N, Crovella M, Salamatian K. Long range mutual information. ACM SIGMETRICS Performance Evaluation Review, 2008,
36(2):32-37. [doi: 10.1145/1453175.1453181]

M HR 3055 S0k

[10] Mo, Sl e 5. I 4 00 it 2 4 5 7 P A e N RO H Hh B #1, 2000

[70] 7S, 35 WM JE T BP 412 I 4% 110 A 2k 1tk ) 45 Ji o 300 o SEHLY. FH L, 2007,27(7):1770-1772.

[71] Bl B 2, B 5 T TR AR P 11 Do 28 0 s T B 90 20 R K 2% 241k, 2006, 38(2):217-221.

[72]  FIREE, 0T B, PRI 00, 5o 2 k5 TR 4o 25 X 4% 1) D) 4% M 55 o T A9F 0 30 35 2% -, 2005, 26(3):136-140.
[73] BRI, I B, S 19 44 dat A 1) 2 B JR T SRARRY S 2% 41, 2005,28(10):1592—-1600.

[74] W& RAESEHE T /NI 2 RUBE P46 3l i TR 2L 1 S50 22 4], 2006,29(1):166—-170.

[78] TEThHE ZEIE & .46 2 T TE ¥ ) 28 ik et =l 2 1k TN 3l 1 24,2007, 28(2):45-50.

sk E= (1976 —), B W HE B 2 N A REF 1953 ), W L # LAy
SEAIT 5 A Ay IO 8% O R I % S R ) 4% Iifi,CCF 22 b, 2 SERIF 54003 v 5L
IR g R REZ:R27 NEE S0 S

B E i (1966 —), I, 14t 2 1 Lk

Jill,CCF 1w s b3, 2 BERIF 58 U A T 5L
0 255, 90 265 A 2L 00 o, PRI TR 2

© DEBEEBIFT  hitp:) www. jos. org. en



