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Network traffic multi-step prediction based on chaos
theory and improved echo state network

TIAN Zhong-da, LI Shu-jiang, WANG Yan-hong, WANG Xiang-dong
(College of Information Science and Engineering, Shenya g University of Technology, Shenyang 110870, China)

Abstract: Network traffic prediction was an important problem of network management and network congestion control.
In order to solve this problem, a network traffic prediction method based on chaos theory and improved echo state net-
work was proposed. Firstly, network traffic sample with differe time scale were analyzed by 0-1 test algorithm for
chaos and maximum Lyapunov exponent, the calculation results show that the network traff —has chaotic characteristics
in different time scale. The phase space reconstruction technique was introduced for the prediction of network traffic, the
delay time was determined through the C-C method, the embedding dimension was determined through the G-P algo-
rithm. Network traffic time series was processed with phase space reconstruction, the multi-step prediction of network
traffic was achieved by an improved echo state network. In order to improve the prediction precision, the key dynamic
reservoir and prediction parameters of echo state network were optimized by an improved harmony search algorithm.
Through the simulation on public and actual network traffic data, the results verify the proposed prediction method has
higher prediction accuracy and smaller prediction error.

Key words: network traffic, chaos, echo state network, time scale, prediction

[

2015-03-31 2015-12-02
N0.61034005 No0.20141070
Foundation Items: The National Natural Science Foundation of China (N0.61034005), Liaoning Province Doctor Startup Fund
(N0.20141070)

2016053-1



37

P
[ P

T,..(i=012,L,n)

T, k k=1

k>1

n+k

(ARMA, auto regressive moving average) >4

(ARIMA, auto regressive inte-

grated moving average) (5. €]
[78(FARIMA, fractional auto regres-

sive integrated moving average)

(910 gvM, support vector machine

(12| SSVM, least squares support
vector machine RBF (13
ELM (14 Elman [15]
[8l(KFM, Kalman filtering mode)
(17
SVM  LSSVM

KFM

[18-20 2

[21.22]

0-1
Lyapunov
C-C
G-P
Jeeger @ 2001

(ESN, echo state network) ESN

ESN ESN
ESN

2

2

1s 1ls

2016053-2



ls
http://ita.ee.
Ibl.gov/html/contrib/BC.html BC-pAug89
3142.82 s
10ms 100ms 1s

T 10ms T 100ms T_1s

3
1 000 ftp://ita.ee.
Ibl.gov/traces/BC-Oct89EXt4.TL.Z BC-Oct89Ext4
307 h 10°
10s 1min 10min 30min 1h
T_10s T_1min T_10min T_30min
T lhour 5 6
1000 2 300 8
TCP
byte 8 1
3G
10 min
TCP 300 MB 2
300
Benoit 20 70
(RIS, res-
caled range analysis)
B 200
Z 1 o
fﬁf- 1 Gy
S . - .
0 2000 400 Gl qo0 o Gon
BT
ta)T_10ms
= 2000
12
0 200 400 i LTH (L
e B
@115
5,- 2 00
% 160
= |
0 00 40 600 890 106D
Rl
=T Lmn
o 2000
=

1S 200 250 300
i E I

{2} T_30 min

I S0 100

4 1051
Hurst
R/S Hurst
Mandel bort
[29
RO _ ppe
&s @
n R
R=max(X, , - minX, ),t=12xxn S
H  Hurst A lg aéjg Ign
&s @
Hurst
| 2101
I 100k
BRI
QO
Z s
45 TR
g Ak
TS0
= BT S
w0t
2“{%5 5':: 1 ;J:] IESU 2IUU Eiiu 300
MBS
2
Hurst O<H <05
w 2000
% IRAELS]
B0 2000 400 s0 80 Looo
e IF 5

thi 110G ms

2060

i

Lk

200 A0 Dl s [l
LR
Wyt aos
w200
Z
R R 1)
| _
0 20M) 400 600 s 1 o0n
LT
AT 1Wmin
a5 2 000
fs:
5 iy
=
itz
£ At . s ol
0 S O LS00 2000 250 300

Y

(L1 houe

2016053-3



. 58 37
3.1 01
H =05 0-1 K, »1
05<H <1 K, »0
28, 29] 0-1
H 1 2 9
H105 10 ms
3 p(n) a(n)
a== 4 M (n)
H K,
Hurst
55210
1 20
Hurst 3
1 n[
T_10ms 0.662 1 1510 03
T_100ms 0.8700 1.149 ‘E_” “
T1s 0.6078 1.645 = : of
=I5
T 10s 06332 1579 g
T_imin 06102 1.639 =25k
T_10min 0.700 4 1.428
T_30min 06903 1.449 3 1oms P a(n)
T_thour 06382 1.567
0.807 2 1.239
1
Hurst
0.5
30 30 30 30 60 70 R 90 100
s
4 10ms M(n)
3 [ oo TR e s iy i
099k . e : 3 ) . !
1 W&
097k I
K0 96k :
0.95¢
04}
p.o3t
0T 7T 16 1§ 20 27 37 26
3
5 10ms
3~ 5 10 ms
p(n) a(n)
(28] Lyapunov (2715 M (n)
Ke 0998 3 1 10 ms




3 . 59.
8 10 ms
C-Cc
K. 2 10 ms DS (t) 6
K, 101 DS (t)
t=2 10 ms
) t 2 G-P 7
m InC.(r) = Inr
8 m D 7 8
T_10ms 0.9983
m
T_100ms 0.9984
m
T 1s 0.9977 8 D 45
T 10s 0.9970 m> 2D +1 10 ms
T_1min 0.998 1 m 10
T_10min 0.997 6
T_30min 0.9958 0.0 |x
allat
T_lhour 0.998 8 ourat
0.986 2 s |
i = onlof
< [SRRI0E S |
3.2 G006 \,, \ M
O - \A/‘\ J u ' !
Bonat J
Tak (T 20 30 40 S0 &0 70 8090 10p
ens s
6 10ms DS (t)
-2
T@),T(2),L,T(n) e
-0 B>
m m -
~}2 A =t
i
iT,=[TQ@,T@+t),L,T@+(m- Dt ] s = F— i 1
I+ _ wr
%TZ =[T(2),T(2+t),L,T(2+ (m- 1t] ) 7 1oms InC,(r) = Inr
.I. M
FT, =[T(N), T(N +t),L,T(N +(m- 1t ] g
t N=n-(m- 1L}
n m
t m

C-C (30, 31] t
m Grassberger Procaccia
Gp & D

m

2016053-5



. 60-

37

Ty L

2

iR

T 1 0ms(s

| &t
1400

1200+

I o
800
600
400
200

t 2 10ms

.

i— ol |

= e A e
RS

A\

i

AN

10 ms

RP, recurrence plot

2016053-6

11 10 ms
200 400 600 BOO 1000 1200 14000 | a0u
T_10mstz)byte
10 ms
9 10ms
3
‘\‘.‘“‘
H
_._,..r-"‘ "“-\‘\‘
1 601w ___J___,___,,...s- | ~
R < "] P I [
5_‘—"| iy fﬂ_,__..-—-‘<’<;ﬂ.—--"’ ‘\k‘_‘_‘\‘\\“‘\‘ e
71000 = g vl "'""h<-..,\
% 81.10\_,_..-—-‘#_,,‘#‘ - =N ! s + .|
o r:'.m'rv-""fj _— “‘“\L\x\
4(;'(%-..—--""'.“"—'—.-'.-“ ..--l" \[\ ™
200 \i"\kh
”} o - . 1] - M“N\‘
I 600 | —
I 200
1608 = o 14400
A0 e = s [ 000
s Vvt : (
|_Vornsia=2 byt i =<0 O fomstavte
) 260
10 10ms
1000
- L » -
900 F =
it . e 5 s 2 -
) “wr — ”: Pl e ,'r'r Ta'y 2
700 . o e -
} N X W§ W 1317 | [
sk e, = = A ouro=. 3 A==
W = E=E=eam Fas S =
~  Hi & n
S 2 X mra - CLNN R
XU R R = 1 I AR
ol T el T e PG e e ! ’
Wy T r X . & rrirmmx”
RULE - — . . e rr Ae s . o )
>, - . - 2
100 T E e, L A LT ey e ‘
0 — O ! i e O et ] i b ke il put® | R =
| () 200 3 400 S 6 T K00 9t 1000
]
11 10ms

L

10

11

1 600



3
t
T_10ms 2 10 (DR, dynamic reservoir)
T_100ms 4 4
T 1s 1 21 DR
T_10s 3 6
T_1min 1 7 [32-39
T_10min 4 3 12 ESN [36]
T_30min 2 5
- Ltiput Laver Dyvnamical Reservoir Reacknrt
T_dhour 3 4 oottt T
4 9 ! ~ i i
i [}
3.3 Lyapunov i ; o ; _
Lyapunov 5 C )—'—'-': . ¥im
E O—;D-
Lyapunov i W,
Lyapunov wolf
9 Lyapunov 4
. . yep . 41 ESN
unov
yap K N
0
L
k
4 Lyapunov Tu(k) =[u, (k),u, (k),L,u, (k)]
L ! _
yepHhov i x(k) =[x (k), x, (k), L xy (K)]" 2
T_10ms 0.106 5 I
- 1 Y(K) =Ly (k). y, (k). L,y (K]
T_100ms 0.8022
T 1s 0.0136 ESN
T_10s 0.4051
T_1min 0.162 6 DR W
0 0
T_10min 0.603 6 5% 10% 1
Win
T_30min 0.7230
T_lhour 0.8977 DR
0.2132 DR
W,, ESN
0-1 Lyapunov

2016053-7

x(k +1) = F(W,u(k +1) +Wx(k) + W, y(k)) (3)

y(k +1) = fo, (W, (u(k +2), x(k +1))) (4)

f

f

DR
w. W W

N~ K
L (K+N+1L)

out

out

Wback
N™N



37

4.2
Y, y(K)
y(k) » $(k) = & we'x, (k) (5)

i=l

P L

min———3 (Y0 - AwUx(K) (O

P-m+172 o

W, =(M™*7 K)' ()
M % (K), %, (K), L, %, (K) , k =m, m+1,L,
P (P-m+1)" N K y(k)
(P-m+1) 1
4.3 ESN
ESN
ESN 1
stepl
TD,T(2),L,T(n) C-C
G-P
step? ESN
ESN
step3 i ESN
T@+1- mt),T(@+1- mt +
t),L,T({+1-t) ESN
(i +1)
step4 Hi+1) T(i+1)
step3
5} ESN
5.1
ESN 4
4 [37
1) SR
W e e <1
SR ESN
2) N

2016053-8

ESN
N
3) IS
[23] IS
IS
4) SD
SD
N SD
SD
ESN
10 ms
400 401
13
IS=0.5
SR [0.1,1)
N [10,150)
RMSE
14 SR =05
N =50 m =10
[0.01,1) 0.05
[0.01,1) 0.05
13 14
ESN
HS, harmony search
(39

Jaeger

500
m =10
SD =05
0.05
1 100

SD
100
RMSE

IHS

2001



3 - 63
e
EX, U Xy X, XXX, U
> [40, 41] Ea G
HM = €72 0= &% X 2l 2 s ()
ena & oy oy
& Y © u
HS EXn B B Xno XXX [
min f(X) st.x T [L,U]] step3 Xoew = G D) Ko (2),
X u f(X) % X0y (1)) Xoew (1)
stepl HS i X s <HMCR
. A A CTON !
HMS, harmony memory size Xoew (1) —+ x ()T [L.U] ©)
HMCR, harmony memory consideration e B
rate PAR, pitch adjusting rate Xpa;  HM J
BW, band width NI, number Xoew (1) j r. [01]
of iteration
step? Xoew (1)

2016053-9



37

X, (J)£r,BW,r,<PAR
Yoo (1) =1 e (10)
TXneW(J)’

r, r, [0]]
step4 f(X,.,)<f(X,)
XW XW = XnaN
step5 Step3  stepd
NI
HMCR
PAR BW
2
PAR BW
BW PAR
HMCR
HM
1 HMCR(t- )r, HMCR_,, >
| HMCR(t) > HMCR__

HMCR(t) = { (12)
i HMCR ., HMCR()< HMCR
fHMCR, ., t=0

HS PAR
HS
PAR PAR
PAR
PAR - PAR_
PAR(t) = —m mn Jt+PAR . (12)
JNI
BW BW
HS
BW
BW BW

BW (t) = BWmin + (BWmax - BWmin )e-t (13)
HS Xoaw
HS
XnaNl XnaNl
X oo 14 2
XnaNZ
XnaNZ = uxnaNl + (1- U)Xnew (14)
u f (Xoews) < (Xew2)
XnaNl XnaNZ
HS IHS, improved harmony
search 15 Rosenbrock

F00= A 1000¢, - x)'+@- x)*  (15)

i=1
Rosenbrock X;
2.048] 30, 0
[38]
[42] EHS HS
:HMS =15 HMCR=09,PAR=03 BW =

[-2.048,

001 EHS HMS =15 HMCR =0.99
PAR =0.33 k=1.17 HS
HMCR,, =099  HMCR, =04 r =097
PAR, =09 PAR, =04 BW, =0.0001
BW,, =1 HMS=6 u 08 4
5000
20
15
3
50
10
HS HS EHS
5 3
2

2016053-10



3
3.0
——HITS
45
.04
2 .
2 a0 , 1
£30 rw, <1
Rast ESN
2.0¢ ESN
|3 36 G5 36 B 70 % 55 100 ESN
AR
15 1)
5 stepl
step? C-C
HS 15.152 5 10.542 1 2.565 2 20% G-P
EHS 6.562 6 41202 12301 50% St€p3 IHS
IS SR N SD c a b
IHS 0.1236 0.095 2 0.046 3 100%
step4
5.2 ESN ESN
IHS ESN RMSE
ESN 1 Ts 0
fitness, = — 1q (T, - T,)* (19)
NV =
IHS
3
x(k +1) = f(W,, (u(k +2) +c) +aWx(k) + bW, y(k)) 2)
(16) stepl i
c a b T@A+1- mt),T@+1-mt +t), L T(@i+1-t)
ESN T(i+1) ESN m 1
step? 6 7
17 18
sigmoid tanh() i+1 H(i+1)
fO fou 3 step3 Hi+1)
ESN i=i+l
X(k +1) = tanh(W,, (u(k +1) +¢) +aWx(k) + bW,,,, y(k)) stepl
a7 6
Yk +1) =W, u(k +D,x(k +1)  (18) 10ms
ESN ESN
3 C a b 10 ms
IHS 400 401 500
ESN 250
[43] 50
SR1T [0.01,1) NT [10, 200]
IST [0.01,7) SDT [0.01,1)

2016053-11



. 66- 37
ESN 3 MAE MAPE RMSE
cl [-11] al (1 bl (01 RM SE 19 MAE MAPE
IHS 20 21
6 MAE=L8|T-T| (20)
N o
6 > 100
MAPE=—Qg |T; - 1’.‘IT— (21)
T loms SR=0.307 1 N=162 1S=0.1611 SD=0.3812 = i
- c=00151 a=0.1903 R=0.0012 6.1 T_10ms
SR=0.4236 N=97 1S=0.0122 SD=0.501 [3] ARMA
c= 01635 a=0.7403 R=0.0015 p=3.q=1 (4] ARIMA
p=4,0=3,d=1 [12]
LSSVM
m=32 r =0.92 g=101.36 s°*=6.21 (=3.25
MAE [15] Elman (
MAPE RMSE 300 50 100
ME MRE 5 000) 16
MAE MAPE RMSE
17
16 17
ME MRE
2 20000
5 1o}/ N ;
B | 000, g \ - JUj Vi .' r"
= [ I LAY
R ) L —— L‘|‘J u-‘(—vhd’\-\,, r ¥\
= ] 10 21 30 A0 301 ] T il t)n fia
i i
. tey AW Ik
=. 2000
= ! — ER{E
H l{mn—ﬂ i g ]R f\ o TﬂWJf’“ f‘. M
= ‘l
% Hl 1" - ~ 4 \Jll-‘ll ‘\.—-——-‘-—_‘-———H—Q‘— w
E ( 10 20 30 a0 50 T [0t
i & 15
(b) ARMA
23000
W= i
18 1000 \ }\ - - TN P‘/\‘
}g i
A '\—M—’/_\‘/-\\ |U e '\—.—v«»—V\J \l \/—
ES fl 10 26 3 40 &1l fy 4i) |ty
ik 45
Y ) (£} ARTMA
= 206
ES \ P
-@1(1@0—[\ I .A!\ & fNE| A ’\_/ '\V
& ole | g/ L/ —-*Vh——+f-1 Lrwa\«_,-— !
= 0 It 20 30 a0 &l R w ) 1400
Wi
(d) ZH e LSSVM
£ ‘[’J[H]
s I 006 ﬂ f fjﬁgffg
B *’f\j A il
E_ 0 l__ ‘V_\_ \, = "'—"—M \_,_J fﬁ\
g 10 20 40 0 a0 [oo
i e

(e} Fimnn s ) &5

16 10ms

2016053-12



3 - 67
8 500
E N NN Sen E = B el L B - I - W, 1 —
,g i —_ g P Py P R 01 st S N —
= 1 I | 1 I 1 1 1 1 1
= ] I 20 30l 460 30 Al 70 80 () 10t
L7 4
(@) & ik
B os00
gn
e e e B e e e e
%
=_an0 I I ! 1 | 1 | | | |
= U 10 20 0 4 S0 ) 70 40 i) 100
i fhides A
(b ARMA
o S
= | L I I | i | | | |
5-5 - 0 20 30 E 31 &) 7 80 L] 16K
= et
(€Y ARIMA
L 300
£
gj.] G o ol Bl e e BB o B8 S coes e o m e
:——ﬁ-mu 1 | 1 | I 1 L 1 L I
“?:; f 18 24 30 40 3 ) T &) ) 164
y T
i (d) #] Frpf B SSVM
=, 306
-Ei
i b | e R e B e e B e e g ™ B
= oy I | 1 1 1 1 1 | 1 1
=] 10y 20) 30 T S0 Al 7i 80 il 100
e L7 4
el Elmunfiés &4
17 10ms
7 T _10ms ARMA ARIMA Elman
LSSVM
7 T_10ms
RMSE MAE MAPE 10ms T_10ms
3.826 3 37.107 2 22.6575 100 ms
ARMA 11.440 8 96.563 8 54.050 1
ARIMA 10.098 5 86.464 3 45472 4
LSSVM 6.106 5 52.3438 31.9399 8
Elman 7.9237 67.1052 39.097 8 Is 100 Is
10 ms 60.25 0.125
ARIMA 26.17 0.108
ARMA 25.32 0.087
7 Elman 36.58 0.097
LSSVM 63.27 0.158
6.2
ARMA
p=7,0=6 ARIMA p=
8 CPU Intel i3-4030, 4 GB g=8,d=1 LSSVM [12]
Windows 7 Matlab Elman 150 80
R2010b 100 50 5000 18
8 IHS
ESN 19

2016053-13



68-

37

9 18 19 9
= A0 _
= * P
= 4+ — —— " % _/\_‘__*’_ f_. —
B | [—— T ¥ AT — \--/\‘./ N
= 4 fHE
2200 1 | L | 1 1 | | |
= 5 in 5 20 25 0 35 40 15 30
?'ﬁt]ﬂ_g’: i
(W) BTk
% @00 -
& 0]
o]
= 2 A
& - FHI{E
= 200 *
5
= B0
= P
17 4001 EERE
= 4 AL
£ 200 + I 1 i | 1 i i 1
B ) it ] gl 25 3 35 46 45 S0
N Wt
e . (e ARIMA
.‘3 ]
B ey %m__.‘__/\_._\/’*\u —
el 8 B /\V ~—y
= 200 1 | 1 1 1 L 1 1 1
= 5 It 15 el 23 30 is ETY] 45 Sl
LT
- () 40 Fred Bl SSVM
E GO0 -
o [ - . «4\‘_______"_,‘____ -
g Mk T—— ';:J;]’— [ —1—/\—0—\/‘%'
52 aiig & fildE | : z ; | . i .
e 5 (4] 13 20 25 30 35 46} 45 50
BRI
teey Elman i 25 ) 8%
18
2 14
;“; i) -
= | ] 1 | ] | | ] | ]
=00
T s 10 15 20 25 30 is 10 45 50
MR
(a) A riE
=
5 g _-'.l.l.__ll.-_-.-llll-___._l.ll-ll_.--_-_.___'l.,
= _ 136 i t 1 ] 1 1 L 1 1 1
= 'I 3 10 I3 20 25 3} 35 R 1d] 45 30
TREY
(BPARMA
w100 T T 7 T T T T 7 T T
=
=8 100 I i 1 I \ | | i i ]
T 5 0 15 20 25 0 38 4 45 30
= R
(U} ARINA
@
=
'-\-". U T — g - — . - | - = _.-—— -_
E 0 I i 1 I 1 I | 1 I i
o 3 1 15 i) 25 an 35 40 e8] a0
FEFS
() 24 £ LSS VM
2 100
&
Z 0 __.__._—-.--_--_.-_-.__-.-.__.'_-_-_--.__--.-_
g_ 100 | i | | | | | | | ]
= S 1 15 20 25 ETH) 18 4t 45 =0

b AT EE
(o) Bl e il &t

19

2016053-14



9
RMSE MAE MAPE
3.627 4 4.025 4 13254
ARMA 27.2541 96.5638 9.2175
ARIMA 223632 24.2345 8.2524
LSSVM 6.106 5 53541 19742
Elman 19.590 1 182141 85725

0-1 Lyapunov
ESN
IHS
7
0-1 Lyapunov

B

(2

(3

(4

(5l

(6l

QU H, MA W T, ZHAO J H. Prediction method for network traffic
based on maximum correntropy criterion[J]. China Commu ications,
2013(1):134-145.
. . [J.

2007, 28(2):45-50.
WANG S H, QIU Z D. Network traffic nonlinear prediction combined
with mutifractal[J]. Journal on Communications 2007, 28(2): 45-50.
LANER M, SVOBODA P, RUPP M. Parsimonious fitting of
long-range dependent network traffic using ARMA models[J]. EEE
Communications Letters 2013  17(12): 2368-2371.
ZHOU D D, CHEN S L, DONG S. Network traffic prediction based
on ARIM A model[J]. I nternational Journal of Computer Science Issues,
2012,6(9):106-111.
WANG J. A process level network traffic prediction algorithm based
on ARIMA model in smart substation[C]// 2013 IEEE Int Conf on
Signal Processing, Communications and Computing. Washington, DC.
c2013:1-5.
. [J.
, 2009, 46(3): 434-442.

(1

(8l

[

[10]

[11]

(12

[13]

[14]

[19]

[16]

(17

(18]

[19]

[20]

2016053-15

YUAN X F,CHEN N N, WANG D et a. Traffic prediction models of
traffics at application layer in metro area network[J]. Journal of Com+
puter Research and Development, 2009, 46(3):434-442.
REN XY YANGY ZHANG JF, et al. Parameter estimation and
application of time-varying FARIMA model[J]. International Journal
of Advancements in Computing Technology, 2011, 3(3):89-94.
, . FARIMA
[J. , 2011, 32(4): 153-157.

CHEN X T, LIU J X. Network traffic prediction based on wavelet
transformation and FARIMA[J].Journal on Communications,2011,
2011, 32(4): 153-157.
[J. 2013,62(15):150509.
MENG Q F, CHEN Y H, FENG Z Q, et a. Nonlinear predict n of
small scale network traffic based on local relevance vector machine
regression model[J]. Acta Phys Sin, 2013, 62(15):150509.
LIU X' W, LI H, CHEN L. Animproved forecasting algorithm for wireless
network traffic[J]. |EICE Electronics Express, 2011, 8(12):916-922.

[J. 2014,63(13):130504.
TANG Z J, PENG T, WANG W B. A local least square support vector
machine prediction algorithm of small scale network traffic based on
correlation analysis[J]. Acta Phys Sin, 2014,63(13):130504.

[J. 2014,63(16) 160508.

TIAN Z D, GAO X W, SHI T. Combination kernel function
squares support vector machine for chaotic time series prediction[J].
Acta Phys Sin, 2014, 63(16) 160508.

Li X B. RBF neural network optimized by particle swarm optimization
for forecasting urban traffic flow[C]// 3rd I nternatio
Intelligent I nformation Technology Application. c2009: 124-127.
QIAN F. A extreme learning machines approach for accurate estima-

| Symposium on

tion of large-scale IP network traffic matrix[J]. Journal of Computa
tional | nformation Systems, 2012, 8(2):755-762.
WANG J S, WANG JK, ZHANG M Z. Prediction of internet traffic
based on Elman neural network[C]// Chinese Control and Decision
Conference. c2009: 1248-1252.

EKF [J.

2009, 28(6) 23-25.
ZHAO Y P, JANG Z Y. Network traffic prediction based on EKF neural
network[J]. Journal of Lanzhou Jiaotong University, 2009, 28(6) 23-25.
CAO JH, LIU Y, DAI Y. Network traffic prediction based on error
advanced DGM (1,1) model[C]// International Conference on Wireless
Communication Networking and Mobile Computing. c2007:6353-6356.
PENG Y, LEI M, LI J B, et al.A novel hybridization of ho state
networks and multiplicative seasonal ARIM A model for mobile com-
munication traffic series forecasting[J]. Neural Compu ing and Appli-
cations, 2012: 1-8.
WANG P, ZHANG S Y, CHEN X J. VolP traffic capacity est mation of
5th In
ternational Conference on Wireless Communications, Networking and
M obile Computing. c2009:1-4.
CHANG B R, TSAI H F. Improving network traffic analysis by fore-
seeing data-packet-flow with hybrid fuzzy-based model prediction[J].
Expert Systems with Applications, 2009, 36(2): 6960-6965.

hybrid network based on finite user timely refuse mode



37

[21]

[22]

[23]

[24]

[29]

[26]

(27]

[28]

[29]

[J. ,2012, 40(8): 1609-1616.

WEN X X, MENG X R, MA Z Q , et al. The chaotic analysis and
trend prediction on small-time scale network traffic[J]. Acta Electronic
Sinica, 2012, 40(8): 1609-1616.
LIU X W, FANG X M QIN Z H et a. A short-term forecasting
algorithm for network traffic based on chaos theory and SVMI[J].
Journal of Network and Systems Management, 2011, 19(4): 427-447.
JAEGER H, HAAS H. Harnessing nonlinearity: predicting chaotic
systems and saving energy in wireless communication[J]. Science,
2004, 304(5667): 78-80.
XUEY,JA LS, TENGW Z, etal. Long-range correlations in vehicu-
lar traffic flow studied in the framework of K erner's three-phase theory
based on rescaled range analysis[J]. Communications in Nonlinear
Science and Numerical Simulation, 2015, 22(1-3): 285-296.
MANDELBORT B B. How long is the coast of Britain statistical
self-similarity and fractional 1967,
1556(3775):636-678.
GOTTALD G A, MELBOURNE I. On the implementation of 0-1 test for
cheos[J]. SIAM Journal onApplied Dynamical Systems, 2009, 8(1):129-145.
WOLF A, SWIFT JB, SWINNEY H L, et al. Determining Lyapunov
exponents from a time series[J]. Physica D, 1985, 16:285-317.

, , .01
[J. 2012, 32(6): 875-882.
LI X J,HU T S, et al. Application of the 0-1 test algorithm for chaos to
runoff time series[J]. Advances in Water Science, 2012, 32(6):
875-882.
KHATIBI R SIVAKUMAR B GHORBANI M A etal . Investigating
chaos in river stage and discharge time series[J].Jour
gy 2012 414-415 108-117.

dimension[J].  Science,

| of Hydrolo-

[30] KIM H'S, EYKHOLT R, SALAS JD. Nonlinear dynamics dela times,

(31]

(32

[33]

(34

[39]

[36]

(37

[38]

and embedding windows [J]. Physica D, 1999, 127(1): 48-60.

, , . [J1.

2014,63(4):040505.

ZHANG H B, SUN X D, HE Y L. Analysis and prediction of complex
dynamical characteristics of short-term traffc flow[J]. Acta Phys. Sin,
2014,63(4): 040505.
GRASSBERGER P, PROCACCIA |. Measuring the strangeness f
strange attractors[J]. Physics D, 1983, 9:189-208
ONGENAEF, VAN L S, VERSTRAETEN D, et al. Time series classi-
fication for the prediction of dialysis in critically ill patients using echo
state networks[J]. Engineering Applications of Artific | Intelligence,
2013,26(3):984- 996.
SHENG C Y, ZHAO J, LIU Y et a. Prediction for noisy nonlinear
time series by echo state network based on dual estima ion[J]. Neuro-
computing,2012(82):186-195.
LIDC HANM WANG J. Chaotic time series prediction based ona
novel robust echo state network[J]. IEEE Trans on Neural Networks
and Learning Systems 201223 5  787-797.
OZTURK M C, XU D M, PRINCIPE JC. Analysis and design of echo
state networks[J]. Neural Computation, 2007, 19(1): 111-138.

[J. , 2010, 38(z1):148-154.
PENG Y, WANG JM, PENG X Y. Researches on time series prediction with
echo gate networks[J]. Acta Electronic Sinica, 2010, 38(z1):148-154.
GEEM ZW, KIM JH, LOGANATHAN G V. A new heuristic optimization

[39]

[40]

[41]

(42

(43]

2016053-16

algorithm: harmony search[J]  Simulations, 2001, 76(2): 60-68

[J. 2014,31(1) 57-65.
OUYANG H B, GAO L Q, ZOU D X, et al. Exploration ability study
of harmony search algorithm and its modification[J]. Control Theory
and Applications, 2014, 31(1) 57-65.
MAHDAVI M, FESANGHARY M DAMANGIR E. An improved
harmony search algorithm for solving optimization problems[J] Applied
M athematics and Computation, 2007, 188(2): 1567-1579
ALATAS B. Chaotic harmony search algorithms [J]. Applied Mathe-
matics and Computation, 2010, 216(9): 2687-2699.
DAS S, MUKHOPADHYAY A, ROY A, et a. Exploratory power of
the harmony search algorithm: analysis and improvements for global
numerical optimization [J]. |EEE Transactions on Systems, Man, and
Cybernetics, Part B: Cybernetics, 2011, 41(1): 89-106.

[J. , 2011,

39(10):2387-2396.
PENG Y, WANG JM, PENG X Y. Survey on reservoir computing[J].
Acta Electronic Sinica, 2011, 39(10): 2387- 2396.

1978

1966-

1967-

1959



	201603_è�13
	201603_è�14
	201603_è�15

