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Prediction of Network Traffic Based on Traffic Characteristics

ZHANG Feng-li ZHAO Yong-liang WANG Dan WANG Hao
(School of Computer Science & Engineering, University of Electronic Science and Technology of China,Chengdu 611731, China)

Abstract The traditional model such as nonlinear model could not adapt to the model of network traffic. So only con-
sidering these characteristics can researchers model the network traffic accurately. By combining the analyses on self-
similarity, length distribution and period of network traffic, making use of the wavelet transform and time series model
to predict the traffic,and finally, comparing the length distribution and periodic, we can know whether the prediction re-
sult is reasonable. Firstly, the characteristics of network traffic such as self-similar and stationary were analyzed. Sec-
ondly, based on the result of the first step, the model was constructed and prediction results were obtained through se-
lecting wavelet transform and time series. Finally, taking advantages of the length distribution and period, the model’ s

flexibility and accuracy were verfied. Through some experiments, it is proved that our model can reduce some computing

Vol. 41 No. 4

compared with w-farima model and reflect the short-dependence and long-dependence of network traffic.

Keywords Traffic characteristics, Wavelet transform, Traffic prediction

1 5]

WL B SRR B AU KA 2T
FRE AL SR TIAM B AL S R P i E] PP S R AL L 2 A B
AR MR E T TG . F, 2 2E AN
IIAT AR R 2% | SRR ) B HIL L TR TR B S A B O kX R %
TR A, DU REAS U SR 2% R B AR . 0 SO
(2 166 H B & AR S 0 7 ik 3 IR AR R 5 AT 0 SR )5 70 331
R MR ARIMA SALFEAT F0 , B4R X B0 77
PR T HERE (B 22 9 2% ) — LE B (T XE LUE B . SCRRL3 ]
PR — RSN S M AR E BN E R, R T B
el o) i B AT SE 0, -5 A ST X H AR T A
BER . ABZIT B RIBR A T /N SR MRS S 1007 5K
BT RARE . SCERL 41456 TIRTEES A SR B, i
TIRAAEEY T M 45 U A S B, B e A B B s

il

) HH.2013-06-25 &1 HH.2013-11-15

TR X FRAAE NSRS AR . SRS I B
B W25 1) BB S AT 7 2 S A R S Y S b
FIFRZE A AR5 3 T BB X 8 5 51 AT
T HSE P T 2 LU EGR B E P S N TR A AR
AN B P 2 B B B RCR AN RAR . SCRRL6IBIA T SCHF
T B AILAE DA O f AR ) B A A AL (E SRR ) AL X R LA Y
AR, — BB 5 HATT S & A BE B Hu L A
SCHRL7 Jrp A3 R /IN B 45 5 1 A B B8 g Sfe Xof 19 4 i 22
FrEf, i LMK R T LMS REBGEB B, B T RER T
B SCHRL8 N2 {3 FBTRI BB X I 4 L B HEAT T 4347 {EL A0
i R ASOR BRI FUI Fr) 45 SR o LA 7 5 H T R R — 1 B
BEBE R,

/N RS (77 5 T LA B3k 19 4% A 9 KA S A, TG s 8]
JFFIEAL 7 s LBGE TP R R e . BT
PRI B B, 32 1 B T R 48 i B B AL A BE A7 45

AXZER HRBAE4 (61133016) , TAEHRHE 8 KL (20112X03002-002-03) % Bl

R (1963—) , 2, {81, Bz, WA U, BT T 1) g M 4 4 & B S BSCHR  J0 % L 2% , E-mail: fzhang@ ueste. edu. cn; @5k 58 (1990—),
B+, FERR T R NE L L TR RESEE FA8T—) & Bt FEHRFRAIMELE; T TAIS8—), B, M@

& EEBIGTT I NP A
. 86 .



5 18] J 31 0 R, SR /DN A e 5 I 1) ) A
(AR, ARMA, ARIMA , FARIMA) #1454 1) 75 X 9 4% i i
BEATEEAE , SROE AV B A L K BE AR AR D RS S UE T B9
P

A3 2 XTI R AL I BE A SR REAT TR R
M. B 3 AR T EET /N AR S ] PR S AR AL R T
W, 2T B AETHE AT R A SR R/S Bk
TR ASCR B MR N AN G 5 4 WX LR
T KSR IS REAT TR AT . 5 MR 2300 B4
AR T — W TR R,

2 MEREFHMETR

2.1 HiE&EHid

ASCHT PR SEEEEE ROk B DR S 56 2 i SR 42 1) it 1 4K
#&" 5 DataMarket %4 I BT W58 i B ] 152 1) S 420, 3
SR AR R RS AT MR, A
BC-pAu89. TL #1 United Kingdom & & ‘& F MR EHIE. H
t, BC-pAu89 BARENIE L 1s Sy B[] ] B, £ 3124 2% %K
PEHEATEAER 5T, FFHEAL 1000 Z54E N FEIEWFST 5 United King-
dom W ZFEFLL 1 /ey [BIRG B9 — A H B $cdiE . & 1.1 2
53 RPN R R BHE AR

2004/11/16 2004/11/23 2008/11/30 2004/12/7 2004/12/14 2004/12/21
time

I 2 United Kingdom $(#E4

2.2 RERKE.BBPHESH

MELTE2ATLUE S, REAEAVRHAMESRE
P XoF T W R/ 0 O B 5 AT L LA R 9 2 e A
R K B R AE — BU ] A KB

1600 o
1400 -
1200
5 1000 T - -
—g 800
100
20 REER N L0, TR Bl et
0
) 200 400 600 800 1000

B 3 BC-pAu89 HARE

B 1 fr7n i BC-pAu89 $diE , L REM I N 1s, H
JABATEAREA ., R B BF T LA 2 AR T, (EE 3 AT LR
2, PR R 100~200 BdE g1 R BRI B 2, 1000
~1200 FHXFELA , R Z W 1400 2] 1600, K 1 3547 0 B

PIX 3 BB Bl AT ) 4, B Uk it B T 1 45 SR AT DL s
15%,

United Kingdom f45 B2l ¥ 3t £ 2 LA /N B 7 S B[] ] B
SRR, B A A —2, xR 2 BiRiy 30 R
HIBAE AT . TR S MEREAHBENRE S A
HiPE , KHE 2004-12-21 B 2004-12-24 B —A> R HAHE R i B 45
16, T—Br B A\ 2004-12-29 F| 2005-12-04 F & S A9 A8
A6, M 2004-12-24 F)| 2004-12-29 X BX B[] iy o Rt 2 K A2
RRMAEN, HACBERRE W RS A AR 2R £k , X g
JEHAME BB 51 BE R AR AL AR BT LAYE A it B Tl 45 51 6 3L
AW Z—.

Zt VA B4Rl LUR XK BE 4 A0 B — B
i 1) %) 25 it /N 4 9 B A 5 R B ) RUBE T 4 R 8 40
HRRT LAVE R T 45 50 1) A B 5 AR AR SE R B 948 TE F- Bt o

3 MEmEMUEZ

3.1 INET MRS A E A SRR
3.1.1 kEHR

INE AR SRR R RIS, RE R R S E )T
YA AR 3 B AT 50, MBS 5 S LB
BB, B R ERFRRENES .

AR SC AR B /1N AR B B v J2 Mallat 3509, 2 B A
1988 4EH1 S. Mallat 45 H ) TE 3T /1N g B 09 #4385 7 ¥k DA B IE 32
/NS PR B s, R BRI P R IR A, XA
HATHER 53 (RS SRR B A BIA R 4% |, Mal-
lat BB 1 2 REE/NEE 30 56 B AT -

Doy N W

cj+1(n) :m%)zcj (m)h(m—2n) }

djs1(w) :m%)zc]— (m) g(m—2n)

BEHAREKRRA -

¢ (n) :Ezc,- (m)h(m—2n) +d;+1 (m) g(n—2m) ()]

HE |, Mallat 55 59 43 fff o 72 58 i R 7T LR R O —
AME G FIETRAR, I 4 Fs .

A0

D

Al D1

|AJ |DJ |

B 4 Mallat 4

WL IEY 508 ki R HER R IE K& 75
FEAR , anfEl 5 F7R .

Aj | 0

Al ‘ 0 '

Result |

B5 ELIREA R ERRE
3.1.2 mEFHIER
A} 1] FE B A A 40 4% AR 5% ARMA B ARIMA #5%)
L] 87 L]



DL KRR FARIMA #E8Y , b 5 PR S AU AR & B i 1H 1) AR-
MA MR AR BT , T FARIMA 2% ¥ 2 ARIMA #E#
Z4y REBUNBY S BIEY , F X B R B EAN 24 FARIMA
AL,

FARIMA 8%, X R 43T B |8 &4 W 3 F i A,
FARIMA(p, d, @) 5 722 1980 4E i Hosking 42 H} 19, J& %t
ARMA(p, 3B —F BRY R, Y d Ry 0 BBy ARMA
(p, REL, g LT,

O(B)v?X,=0(B)g 3

Hep, 528 de (—0.5,0.5), H (B 0(B) & AR
MA ) —&45, 24 d€ (0,0. 5B, X, BA KA KRR
Rl Wt 2 d=0 B, X, REMLETE.

vi=1=B)=XCi(=B* @

Gy (—D*=T(—d+hk) /(T(—dT(k+1)) )

TCORMR T oAn, K e HEHS. XY k—>oohf, H
KeREL p(k) ~ok* 1 O ERRIEMEAS £k Tk, X 2E#iiEH
AL, EBEA BAEUSE H=d+1/2,

FARIMA R B A=A -

A =) A
X(h)= 2179(»") Xith—js
o

P =m0 —E}Imn’j‘_l , P =m; ()]

P o Tl TRERES

P =m;=0,m_ +0wn,_,+-+0,7_,+ ¢, >0 @)
Hrp,mo=—1,2% j>p+qif, =0,

T 3 Fr iR 2 R SR -

02 (W —E(Xon— X, (1))’ @
3.2 BmERNEE

By M.

A /N AR 5 B R TR S AR, A 19 77 2R X 32 BR
MEFATEBHT, F BRI FTMLER ., BEATUS AU TIL
#:

ORI TE T M FF2 M, R P 5 R AR, )
B ARMA B8, B WA R/S B S g
AHRISHE Hurst: 405 Hurst 28E K F 1,3 BRETFHIE
BAFRE, WEARETIIMHEEEANRMRE, HEEH
ARIMA 8 BUHEAT T 4347 5 WR Hurst 2H00E /N F 8
L 0.5, W E A A ARMA B ARIMA B k171
W, A5 BN TRIEE R, 7 1) 55 25 5 AR Hurst 28({EAF 0.5
Z 1 ZE T T —4

O EF/NE 5 E db3 /N Xt 2 bR = i 47 4, 1
Mallat B #1782 M, BELELUME S A3 5417/ 5 DI,
D2.D3, 34 # A B (D P TR Hurst

(3R Hurst ZHUE/NFEEHE 0.5 MFE RO $
1231 ARMA = ARIMA B ¥ ; 7 W f§ FARIMA 58 3
AT 5

WXL IR = A R G BB AR Pred=
Dy'+D,'+Dy'+A, G Dy Dy Dy Ay R 4 B 4
) HBR AR

G TMHERE , TR TR 25, FR 5 2. 2 iR
Wk 58 RS FIB A #E .

. 88 o

BARMBEREIE 6 i,
BWnEFT, H4%
A H B 1A F 5
!
7 FRESR/S
i+ # Hurst 5 3k {8

AT R HERETRERAL, PRESTPR

B /N db3 o2
AA3. D3. D2. DI

Y

ARMA | [ | ARIMA | |FARIMA
A HA HA

FEFUER, FEREH
KEAAE. B R A A

B6 WE LR

4 LRKREGERSH

A4 I BC-pAu89. United Kingdom #5 ] ) $iHE (4%
AN (] B 1s)3142 25— & W $icdiE (S mst a] 1E] B 1h) 80 454
FEAS, T ek I B B] P 5 SRR, B PR MR I 45 R 15 3
BC-pAu89 HFF A EF4 1, T United Kingdom B %08 th
BTN, #— 18 Hurst SH{H.

Wk R/S EILAEHE A1, 3142 Zi0 5% 1) BC-pAu89 $i4E
A1) Hurst 2806 0. 6204, 3 R/S & Hurst fE WA 7 Bt
75 3 T United Kingdom R BB Hurst S28E KT 1,3+
BEARRFRY, REFELERMHH ARIMA BERET 57,
G3 XX B BB E AT TS B LU T SR

R/S Method

logyg (R/S)

——~slope 172

~—--slope 1
15 2 25 3 35 4

logyy(blocks of size m)

0 05 1

K7 R/SEfEE BC-pAu89 Hurst {E

HE L /) Hurst {H118 2L K ADF %5, 7] A& H BC-
pAu89 iy Hurst SHEATF 0. 5 Ti/MF 1, H kA db3 /h
oA R/ M TIEMES CA3S 5417 {F 5 CDI,
CD2.CD3, I8 izt /N B8 S T A 75 B L RUF 51 A3 F4 5 7
%] D3.D2.D1, & 8 fizs .

BC-pAu89 Seconds Traffic

2000
| AR It [ LR Fil L]
0 500 1000 1500 A 2500 3000 3500
EUFETA3
1000 . . T "
OMMMMMWMMW _I
1000 \ ) . . . .
0 500 1000 1500 2000 2500 3000 3500
HHEHD3
1000 r . . . T T
i st s S
1000 A A . ) ' L
0 500 1000 1500 2000 2500 3000 3500
H¥EED2
'ZOOOL — — v T T T
' oo - +
~2000 L L | L 1 !
0 500 1000 1500 2000 2500 3000 3500
I EEDI
2000 : : : - . .
s iresaaraaiarsistaaruss B
2000 L 1 1 1 1 L
0 500 1000 1500 2000 2500 3000 3500

B 8 BC-pAusY /MNEMR S B BEHMEELME S 5AES



T A3 JFHIEE F IR LR 75, 3 B Hurst [HAGH N
0. 6931, it F§ FARIMA ##£#1 ;D3 J751 i) Hurst G5 K
0. 2397, X 42, F§ ARMA 5 # FUi B 7] ; D2 J7 51 (1
Hurst {55 % 0. 1818, f# F§ ARMA il D2 J5%1; D1 55
B Hurst {Efh3124 0. 1073, 223 # i ARMA BRI A . &
KRG AR FH 9 BU0E FT LAA A3+D3+4-D2-+D1 f) 1 Il {8 /)N
WHEMBR], ASFSUE 9(Z) Fizn; T D3 155 Wil 45 31
WME 9D Fis . {55 CD2 1 CD1 (4% %78 3 i) Fi
gL 10D M) .

1200 - 8007

-800 v -1200

500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
—AIDF—A3D —CD3F_—cD3

B9 ERES AS S41ES D3 BUMEE

500 1000 1500 2000 2500 3000

|
! -12
500 1000 1500 2000 2500 3000
—CD2 — CD2F|

A 10 4155 D2 5 D1 Hilil& A

BHMES A3.D1.D2.D3 it 4 Bifs 3 B 4 45 R Hm
AR, E 11 iR,

0 500 1000 1500 2000 2500 3000 3500
time

B 1l —FAdREmE A

Tif# F FARIMA B#I#1A BC-pAu89 S 4, 15 3
#13 FARIMAC(3,0. 1204,2) , BI& 45 R WA 12 FiR.

500 1000

— Predict — ORIGIN

1500 2000 2500 3000

E 12 FARIMA #RI#]4 BC-pAus9 455H

%} F United Kingdom #4545, B FHFRERE,
M H Hurst S8ERTF 1, TR EHITEEN 245, it
AERE I AN BT ARG IS , FT AN TR ZENT 80 S/ MBS AR AR
BAREIAT 2 Br2Esr, XS AR I P 51 » it — 25 AT
RIS B , 15 3 55 & /9 B 18] 77 31 300 3 75 8 ARIMA
(2,2,D, AWML R WA 13 fin, AR EH

33. 78, X 15 .

10 20 30 40 5() 70 80

K13 ARIMA(2,2, )RR

M 11 DK i 731 (9 1 BEARAE T LU R /N AR
e 5 [ F FUARSS A B 77 AT B2 T T A4S B B 1 Bt
TEES, il 13 MR ARIMA &AL FEAT B , 45 2 9 B
DEERBU (B RZ IR T 5 80 PRtk LUK A A LR Bk e
T ARIMA SRS e -5 05 8, B ) 31 000 485 SR T
DAz 9. W 12 R H 8 A FARIMA #8145 BC-
pAu8Y ¥uHESE , RF B R Y A L5 P51 8- FAatk , 153
) T 45 SR 22 » A QN /N A 4 5 ] P S AL OB

AT R B B B R R AU RAR TR B A DL R ES P AR
R AR e /N DB A e 5 i T P AR R 45 4 9 T 5K, BEAR
WE T 0 RGP A 8O > T 8 — /N F-FARIMA $ER
(25 SUREAS IR R Tk Y U o 2

GRIE  AOCH TP BA TR BN R, H Xt
RVE RIS T BB AT, FE LR AR — PP TR
B S I E PSR R R A . A SRR 4 R
BTG, X LR B SR, Wik T BT R AL
RIEWES PG ROHEF . AR AT STERE 1E
ALMG TR _EAHEATH, T JRL M4 575 3 M 45 1) R 2% 454
SR ERE E N E IR A BT T AR A T — R
2R 28 1) LR ) A

& % X @

[1] Leland W E, Taqqu M S, Willinger W, et al. On the self-similar
nature of Ethernet traffic[J]. ACM SIGCOMM Computer Com-
munication Review, ACM,1993,23(4) :183-193

[2] =, G5, 2 6, % ETHABEN B AH RO 5 5 & B
[0, HEEHUR, 2012,39(4) : 123-126

(3] EJ7, 5@, AR , 5. —Fh BT /INp R e 5 el ) B2 T
TEBFELT]. SHEHIRE, 2012, 39(22) :69-73

[4] Liu X, Fang X, Qin Z, et al. A Short-Term Forecasting Algo-
rithm for Network Traffic Based on Chaos Theory and SVM
[J7. Journal of Network and Systems Management, 2011, 19
(4):427-447

[5] Yu Y,Wang J,Song M, et al. Network Traffic Prediction and
Result Analysis Based on Seasonal ARIMA and Correlation Co-
efficient[ C] // Intelligent System Design and Engineering Appli-
cation (ISDEA),2010 International Conference on. IEEE,2010.
980-983

[6] Wei X. Supporting vector-machine prediction of network traffic
[C]//Electrical and Control Engineering (ICECE), 2011 Inter-
national Conference on. IEEE, 2011.3203-3206

(F#% 98 )
¢« 80



ME AT AT H 5 24 & 2 AR KR BE 45 i 3R MR Ik,
HREFE PRI L, P BE 4 AR AR AR R AE b R
ENVE S T

B4 Ry¥
—~— BARY %

3 4 5 7 8 9

E4n
B3 BEAEMELRIELR

XU 2 PIMAEEY ) B A4 Ah PRI E]

W 4 P AR R EE 4 BE b, YRR EE A IS E] . 24
k=3 I 4 B, PIASHERY [ 47 A B A (8] KSR (R, R A 6 s 26
RS — YA I 4 X 385 24 5<k<79 I}, P HL 9 [ 47 A0 B
] 7 {ER: CliqueCloak #5254 Y 7 %5 i [E] B ALK, B
FHHE R, QR-TCM BALR A T3 CRCA Bk, RATE
ZWIE S AU E 4 A B R B0 (R 458 T P P S5 it
6], %of LA WA TR E .

0 EYS P
— CliqueCloak

8 - QR-TCM
7
§ 6 e
am ~
¥ 5 -
w gl e
w

3 o

2

1 6 7 § %

B4

B 4 CliqueCloak 1 QR-TCM & 4 B} ]

EH 3 ARER QR-TCM BLEL 5 0
£33 AHZBERESHEE
SHAKR  SEE BEAER BEHRE
P1 — w1 0,5
P 0.7 w1 0,1
P3 — w1 0,2
Py 0.6 w1 0,1
Ps 0.5 w1 0,1

#4 BUZBRFESELE

B2HAL% BBE  SEEKR BEME
P1 — w1 0,1
P2 0.5 w2 0,2
P3 — w3 0,5
Py 0.5 w4 0,1
Ps 0.8 w5 0,1

WA 5 PR B RE L E b JBIRE AR RS
TEERS RE. K3 ME 4T, KETARKNSE.
EHTT IR S, BE B 42 BER i, IR 45 B AN BT T g, A 4
LM RS AME , T B 2H 52 50 U 3 B 4% 4b PRI (6], A R ALE

X QR-TCM AL W LLAL K .

09 B4 B QoS e
085 - R

@ 08} =

2 o TS

= g

2 065 3
06 e
055 4 4 5 6 7 8 9

B4

B 5 IEARRER, RS R QoS AW

GRIE A BIIUE LA T B BRAARI R, R T
QR-TCM FI PR3 RA R PP AL A58 2 o3 BT 1) o2 2 B A
B4 I 1, R B R 45 IR i sk s, 321 T CRCA B k.
PR P e AL B IR SR B A R E AR IRE 4
BERYIEOLT » SET AR BRS04 L B R 55 . XAV 45 T EE 4
BERAR 55 B 22 (81 B 2F JeG » AR R M 8 17 22 o R 95 ) T
. Bah AR S 482 B B v R R FE LA BT L X
BRRERATT —HrB M E A

2 £ X wk

(1] ¥BBE, %, d /M. B F0O0E MRS v 09 3% S A I B R PR 3P i 52
U] HHEHBFSE S KR 2010,47(1) :121-129

(2] @A, WILZE, BH4. 8RS AP Hul kR T
B2, 2012, 23(2) : 352-360

[3] EHE A FED 5 —METRENEIEES 7] &4
#4%,2010,21(4) :680-693

[4] B3R, REE, 3R, % TEITRRAMRIRITEL ] &
Hlaf4, 2010, 33(1):128-138

(5] JAkBE, 23, 5=k, 45, T m) 35088 PR L FH ) R MR P i SR 25
(7], SHEHLEER , 2009, 32(5) : 843-861

(6] Mk, Z=2EF, 8k, LBS WA NG ELEKEAEER
[J]. #fk244% 2009, 20(4) : 1058-1068

[7] ZHEF.ZEBF. BIHFET LBS MERMEP] B TF517F
B2, 2011,33(5):1211-1216

[8] Pingley A, Wei Yu, Zhang Nan, et al. A context-aware scheme
for privacy-preserving location-based services [ J]. Computer
Networks, 2012,56(11) :2551-2568

[9] Lin Yu-bao,Chen Xiu-wei, Li Zhan, et al. An efficient method
for privacy preserving location queries[J]. Front Computer Sci-
ence,2012,6(4) :409-420

[10] 3E/NHs, Fher , 7S E. SERVQUAL #1 SERVPERF J#:7E GPS
g5 B R ] JE AR L R R FF4 H aR
iR ,2010,23(4) :76-78

[11] Vergara-Laurens I J, Labrador M A. Preserving privacy while
reducing power consumption and information loss in lbs and par-
ticipatory sensing applications [ C] // GLOBECOM Workshops
(GC Wkshps), 2011 IEEE. 2011:1247-1252

(L#% 89 70

[7] Zhao H, Ansari N. Wavelet Transform-based Network Traffic
Prediction; A Fast On-line Approach[J]. Journal of Computing
and Information Technology,2012,20(1):15-25

[8] Maurya C K,Minz S. Fuzzy inference system for Internet traffic
load forecasting [ C] // Computing and Communication Systems
(NCCCS), 2012 National Conference on. IEEE,2012.1-4

098.

[9] M, REM, KR, SF. W4 U BT A9 B B] P51 57 e
F3[J]. B F2#4H,2009,37(11) : 2353-2358

[10] http://ita. ee. Ibl. gov/html/contrib

[11] http://datamarket. com/data/list/? q=time+series

[12] Mallat S G. A theory for multiresolution signal decomposition;
the wavelet representation[ ] ]. IEEE Transactions on Pattern A-

nalysis and Machine Intelligence,1989,11(7) :674-693



