4 I % )  Acta Phys. Sin.

Vol. 60, No.11 (2011)

110517

ETESHSREERMEINESAERELMERA"

B T
TRE
CHTTLIV 82 Be o FH A=A 58 T, A 310018)
(2011 4£ 4 16 HYH;2011 4E 6 A 21 HULEEH)

T Z AR SRS BREE I AT 3 124 B ER I 51 D Sl 4 2 R O AR S v 51 RN B
FP9I S5 5 A5 BB AT SR T 7 1), P A il — PP 411, DT 45 384 B2 Bk AR VOB L AR 0 i 4 Pl BEAIL
I (PRN) . BRI 5 SRS AT AR 3 I — A R DU BEAIL A s by g 21 PR B B R v e sr 7 — S il
Jell A BL. ZICHE A ShHLREA ROt e B Bk, I A s, JF RE ™ AR 3 B RN B T R Y

Lt

KR LT SRMT, 775305, EEPUYS1, Joid A 3l

PACS: 05.45. Vx

1. 3| =

h Bl AL EL A= B %% ( pseudo random number
generators, PRNG) J& & N fg % 8 iR S5 2 B2
5 TR TG B SRR IR Pl R DL R A
AEAE I A A& B AS ] 1% ok B0 2 G TR i Bk 1] ) 371
FA A O BE R 50 65, DR ot O B AL 45 26 1 vk A
PR SCHEER 19 2 1) FH R EIOR A JSGTR T I 1) 2 515 2)
et PN AT 300 2 v 5O T Dol B[R] 5 57) % 46 i Bl AL
e HHETSCER T, PR G R RS — D
FOATREEA RIFEEVLMERE R R, A1 %
JEAT B 5 2= IR T I ] e 51 TR A A A TR
E AETRIT TR AR AR R A ORI Sk 1 ol
I 1 1) AEE G ™ AR 55 2% B ] i 45 3 3 81 J 3 78 03 K
(R BRI SR S AN 22 1Y, B R B2 T ATE R A8/, I
FAAZS IR KO 5 2) B AR R 2% TR 0 45 R 5L
A EARMAT N A B A #e FuE B Y, i
Almeida Z5 TR + BT = F 57, ke
SINGRINT CH/ Y + AT = IR BS S
X ULHTR IR | 525 TR 1l 25 ] A B AT 52 2% 1Y 5K
DATUBH B 12847 8 (B AR ATHE BATT 3 )
FATR MANRER RN A B 25— AT
ZRIAT . X T 4EIR I, B AT e Bk

# [E R A RFLAEEL (HEHES . 10871168 ) WE B Y iF-R.

T E-mail ; flyerwon@ sina. com

(€2011 FEHIEEFES Chinese Physical Society

SR EAERAC0, 17 PAREALT 31 BT — 5K g 2.
PBEALEC A B s B 2 — AT LSS — AN
MELABE ST, PR B AN 2 ) — S8 2 R0 A eR B AT 2
AR SEOR T LR B8, I — ELR 1S B
ARG, SCHR L EFXTEE AN BT R T —Fhi e
J7 2, BE 5 SRS, R 8 2 W A B ) PR Bl AL 2R T
BEDME T B0 AR e — 5™ A 1 D AL B2 A
X T UG I 25 BEARATY 534 B 5 T #E i 25 1 R
W (AN lenna 5 |, W38 H 2R 687742 10° U
AL SRk (17 ] ST AT B sh LR
#7200 NEHEIEAT /D 73 WA RE A BT K
FERVBE , BN 22/ D F5 BEAL 38 73 YA RN i 1] A & 5
Uil B I R 4e s O H T iR 22 9 B0 BAS B
(TCHLBIRRE) |, i BUR TR T RON " AR 3%
2GS FERAR R 1 bit IR REM %
REBENR, = 221k

RSO AT 2 Ak S A 5 B B ML A A B 12
KEEAT B AN B R UAT S 3 1 = 7
SR HEA R T A D AL S 2R T 8T B kT 5
BTGS2 IR 75, B 0—17 )%
A1), TS B BE S I LA R DA BE L 5. 26 2 3578
T E A SR RES, IF 45t T DA BE LA WL
A O 3 A IR AT A 4 s T OhRE
BB BLAR O SR 3. 58 5 502 i FH 2 BIHR A

http ://wulixb. iphy. ac. cn

110517-1



4 I % )  Acta Phys. Sin.

Vol. 60, No.11 (2011) 110517

i B AL T — SRR ICH B SALELI.

2. EXREFELH

2.8 X

EXVEEMSFH) X = (] A—K
FER N, R 5850 REENA = {a, 0y, ,a,},
#r X TR A TS5 0BRSS R B = 10,1
WARFS B, ,B,, -, B, B#AFEIKE N N, BIFF
S Y = {y 10, WIFR 1y, 2 AE GRS P

EX 2( B A/ ZIRMFS)  WRKRE A5
JEHLY = {y |2 BIRKEER d 075500 it i 51
B, MTRAS RN N, — d + 1 A>T B — A~ ) P
BV Z). %5 Z MR, WK Z HE G4 5 IR T
H1). 3 BRI E s BT ) A A SRR 1 S
) 2 (R ABE 238 285 B (Y IE 1) 7 471

fin, FPa X = 1232435} WIFF—2,3,4,57 >
ST <1001,1100,1110,1010” B 5 15 58] 2 54575
FEHIoh Y = {100111001001111011001010} , KJEY"
KAFKR 415 2% d = 6 I gE—H45 3] — ki 52
fE¥%) Z = {100111,1110,11100,---,1010}. 2§ 3
TR X IR TR, W Z o IR Y, AT R
BEATIRIEIT.

SRR X B FHSCER 1] A3 5T g Y
7 X

EX 3 (HAM) X = (x ) h—NR
T A P81 S S WL g (-) -

yo= e = 2o (1)
Hr K(wx,) R x, ERHFH {«, ) DHTHTHES
.

A IR R 9 S, 5] S T pR AR
T(x,). Helfe R BUE LT .

0, x, e UB™,,
T(x,) = - (2)
1, «x, € dL=JlB§:7’
Hofvom HIE#%, B B B, Ba" 2 [0,1]
X B 2m DN IESER S X TH]. T(x,) BIFERED
B 2m MELEX R AR 0.1 £55 751, — BB
JPHEE N B3R 2m gL,

2.2. PRNG &5 B

FB,1L BN, + 1 1“0—17" hEEHLF 51
M = {m " (AR SCERL 1 TR EE)) L2 (m,
m,..) 40,07, “0,17, “1,07, “1,170f, %y,
3N 2,3,4,57 NI EREEN A = {2,3,4,
50 HKEEA N, MPABEIUT I X = {x, 1) 8% X AE
R,

82 2 D = {10100,110100,110010,
11100}. ¥ X 19 2,3,4,5 209t D AT
10100, 110100, 110010, 11100 Fif ; # X (F—A>
5 kA, W D A — 5 R AR R, AN
B4R

$BI X HRTIPIRERN MRS
FEHLY = [y}, e X 2 BEIRRE P Z =
)M Hh N, = N, = T+ 1, BRRSC[ 1] 007 45
F“0—1"hBEPLITFE S = {s,1)".

$B4 K SHIERN X, BB 1. B4
BEALECH A Bk B K

AR BT n Wk, RIRT A B8 “0—17 P REHL T 51
fy 00, Hdf N, > 5'N,, B R S LA g 8504 .

3. B AT

AN EIC S WA S AT UL, W ISR 2.2
T S5 2 TR BB SRR A TS sl 4
P B 2t MR O TR SR R
A B8 7 P S AT AL R A BT AT
TP FRAFRY IR 5. AR 5 1 7 SR e A BE AL
14, SRR A JE B0 e SR BE A T A SE K

3.1. Lorenz 51" 5 E 5

Lorenz WA Z ML, AR T (8, T ms) i
Horp— R eyt
(1) Lorenz W5}
f:[0,1]—>[0,1] (0<ax<l),
x+a, xe[0,1l -a),
Julx) = {h(x +a-1), xe (1l -a,l]. (3)
XFATATZHCT 1) Lorenz B , HAF 5 5 51 1Y
HEFF FUAR a7 50 AT 25 P AF 5 1790, BT R/
HEFP LI S
0 < 3D < 3Ce < Slee-, (4)
XH, X HPAFS F A AT, D i C G

110517-2



4 I % )  Acta Phys. Sin.

Vol. 60, No.11 (2011)

110517

PRl
AT S 2 M = {m |0 AR d
FIF) [m,] = fm b 700 AT 25 A
A([m;]) s f(D) = K_,
B([m;]) = f(C) =K, (5)

|

K. =1
K, =1

+

Horb A, B 0 ZFom FH0 [m, ] PETA 710 FI 1 #Y
JRARIFA, (K_,K,) AT H. 75 2B Aok
FPA B B 00 e fo Ak (4).

Lorenz ML (1), a = 0.3,h = 3.2 BFFRAT]
(CEEz e 2]l

11101000110101001001010010001101011010110010100------ 1,
00010110010011010101101000111001001011001011001 -+ -~ 1,

= {10, 100, 1000, 110, 1100, 11000, 1110, 11100, 111000!.

4D = {10100,110100,110010,11100}. SCHk[ 18]
e, Ma =0.3,h = 3. 20, i W RHEREILAAY
HE(HHAY) AT B Lorenz Wl 5 7 45 5 J& 11
¥ 5.

HTY = {y(y, e {0,1}) 2M5 DKL
AL SN, < N, < 6N,. Y REAT SR 2 fo T
SAF,Z J2 Y 0 R SAE A W R R0 e
SCHR[ 1] 24938 0—1 551 S = {s, | M.

3.2. Z Wit

MR Z AAEABIF.

KR X HBENLES, i v AR I8, T Z
WoEIEE IR

M2 7z BAEREREE.

MTXTPX=2 =P{X=3] =P|X =4}
=P{X =5} = 1/4,D JtE s, iy BATHE
MR 25 13, AT 7 -t LA 7 2 PO R 25

MER3 Md5 N, KN Z BAXWIE
T I BB AR A

MA TR, Y B WA S A, B
Y S R KR R d,. BT X B BERLTE,
WAFTE b, A3 Y PAE A A Y, Y, BB

Ly my

|Y17Yj|7£kﬂ}}§ij5'£u |Yi+k5Yj+k| > 2

HA S W) 2% A B BUBAR B | /I 7 BAT U

MM 5 8 E AR W BF, 2 2
RIEH Y 5. g X2 H, Z 22 A/ 5 IR
Fe . SCHTSCHR [ 1] Y Tk BA AT 80§ mT el 2 20 e
I 48t oR B0 A s o R ) 0—1 PHBEALF 51 S =
;35} j1VI'

MR4 0T 51 MIERAAERN DY
JUR PG Y, Z BA BRPERT 1—PE 3.

Hi Lorenz WS AT RIS A7 58 5, (K_,K,) W]
BUBE 0 < K, < K_< 1° AEEH A, b
4 AT

MBS AR T b, 2m 550 K. Ak
BDB— M5 EE D, I H AN A Y,
Z',S", M S" 5 S AR

HIAES 3l 1 2 AL S IR SR, |2, 20, | #
|zk+l 02 |’ HA |Zk’zrk| < |Zk+1 32 | H 3C Tk
(TRERE 1 2, 52, BLO 801 AR AH
ST,

XHPERT 5 Al 2 —fE ). A X = {23223}, D
= (100,11}, D’ = {100,10},d = 12. 1

Y = {1001110010011} ,Y’" = {1001010010010! ,
y, = (100111001001) ,y, = (001110010011),
z, = (100111001001) ,z, = 1110010011,

y', = (100101001001) ,y’, = (001010010010) ,
z', = 100101001001 ,z’, = 1010010010,

E’k?j&ﬁ |Zk ’Z,k| < |Zk+l ’zllwl |
4. SR

4.1. HEEDH

ANE d =15, A%k 7 2m = 120.

1)4 D = {10100,110100,110010,11100}.
PY(i = 1,2,3,4) %Ki i B AR H BRI R I,
Py(i,j =0,1) FR" (i) " HHBMER 15 1.

2) MHAMSAFAAE M D B 4 M5S0
Jy1 78k D', Bl D' = {10110,110100,110010,
11100}, 155 2.

FHe s, ATEIASCHR[20] B &5 R a0 F
(WF3).

110517-3



4 I 2 #  Acta Phys. Sin. Vol. 60, No.11 (2011) 110517
IﬁEl (PO’PI)’P(I) (POO’POI»PIOvPll)»P(Z)
R (0. 5000,0. 5000) (0.2481,0.2519,0. 2518 ,0. 2481) ,0. 2500
BN IE (0.5000,0. 5000) (0.2500,0. 2500 ,0. 2500 ,0. 2500)
4
Iﬁﬁ (P()O()’POIO’PI()O!POII) ) (Pl()l7P]l()7P(){)()’PIlI)’P(3) P(4)9 ZP({)
i=1
R (0.1221,0.1261,0. 1286,0. 1261) , (0. 1232,0. 1258 ,0. 1232,0. 1249) , 0. 1250 0.0625, 0.9375
BN IE 0.1250 - (1,1,1,1,1,1,1,1) 0.0625, 0.9375
#2 AR
i H (Py,Py), PV (Py Py Py, Py, ), PP
IR (0.5000,0. 5000) ,0. 5000 (0. 2494 ,0. 2506 ,0. 2506 ,0. 2494 ) ,0. 2500
4
WiH (Pooo »Po1o s Proo »Pont) > (ProysPrio s Poco s Piiy ) P PW ZP“)
i=1
IR (0.1236,0. 1258 ,0. 1253 ,0. 1258) , (0. 1252 ,0. 1248 ,0. 1253 ,0. 1241) , 0. 1250 0. 0625, 0.9375
3 JH Monte-Carlo J73 PRI A 8] )7 51 3K A5 ) D BE DL 9 1) Je e A A R
BES L[] 4
p p@ p3 p& > p®
J 47 sl e S =
m F¢5 0.4773 0.2345 0.1529 0. 0640 0.9287
Logistic 0. 5563 0. 2441 0. 0861 0. 0473 0.9338
Chebyshev J31] 0.5787 0.1843 0.0737 0. 0598 0. 8965
SCQC( —AHIR Y 451751 ) 0. 4854 0.2613 0. 1275 0. 0704 0. 9447
TD-ERCS ( JF-YI2E 3R (41 [ 52 5 e i) 0. 4857 0. 2495 0. 1243 0. 0706 0.9301

P 1 532 nlAL MR A In R A5
FEAL TN RELE BT R thiER 1 %2 55&
3, [l Fe g SCRik [ 2—4, 17 ], T, SR FHAR SCE A
(1 0—1 PHREHLIT 51 U RT3 B 2 B (.

0.25

L (a)
0.15 F

0.05 -

HARR R

-0.05 |

-0.15 |

-0.25 L
=500

—1(I)0 1(I)0 3(I)0
FEFIf B BB K
A 1
FIAHC REE A 85 1 5 1A ¢ R 5] A2
BhERELE [ - 0.0061,0.0046], 41 J - 0.0003 ;
HAHXRBAE U [ - 0.0060,0.0054 ], ¥I{H
h —0.6703 x 107'°. FUBLAT UL H A R ECS A E
RECR T AN AT EYE D M — S, i
A E AR P BENLT 5. X KA Hb I T %
BH7Z ).

1
=300 500

4.2. BEXEEBEXSHT

(1) BPFSIAL AR B 25K (Lags ) A2 L TE B
[ =500, 5007, 4% A MG RS BAHSC R LANIA 1.

0. 10

0.06 -

0.02 -

HAHRRE
2
1
3

-0.02 |

-0.06 |-

-0. 10 L
=500

1 1 1
-100 100 300

A ERE B K

1
=300 500

(a) IFHIA WM AMKEREG (b) D,D' XRBTHI S, S 1) H A R X

5. PNG & % & W% n %5 5K By b

5.1. THBEZH

EX A (T AL —4ETH E 3hHL CA
B—N=JC4H CA = (S,R,f), Hd, S HARRE

110517-4



4 I % )  Acta Phys. Sin.

Vol. 60, No.11 (2011)

110517

£ R NARIRAAR 5 f S WS RS, SLRTRR SR LI

EX S (LRRAERE) W CA Bl N A
JCHLRS A R IC I B AL, 45 e I HES L — 1T,
WY g5 M 1, 2, -, N B 6V = (s'(1),
$'(2) -+, (N)) Aol B SIHLEE ¢ B 200 — A4
SRS TC

FHAR R TOH A SR, 55 B IS5 b+ 1 DGER
A= BRI SRS A 50% B bt A & AR AR B R A=
“H AR . FRATTHE P AN bie Bk A L (E e AR
V(-, ).

WNSRR F Y R SCHR 50, e S 4, ik 2
PRI K, X B BE R BB A SR I42 R N %
HAS B /NS5 Uk AR5 A B i 3 2 A K 8 e
PRI V(B R R AS S FRAR .

PR A 2 151 PNG B3k k % & T i A shil.
JCHE A SALEARTE RIS 2. 2 5 2B B8, vl L 4
YR AR A B I % A LA TUART 506 o, 4 p 5 5
AT HUITA BTSSR 326 A 14 T 25 B 2 AN AR DG 1Y, I
FLA FRAR) 3 RN

R RAR ST F Bh AL AR I T A 1 < 35

RN FES 2.2 RISECR LN, = 3600. 10 lin%
Uiy 55— UK 11 3600 bit MIFEES A X, , 5 k(k = 1,2,
o) YOERAE IR S X, , X, KR L, (k
=0,1,-). WAL, >5L. 2E = {X,,X,,X,,

3
X;b, DL, > (1 +5+25+125)N, = 561600. M
k=0

X TS DNEAFZMKE N L, THEE X, (i
= 1525'"a5)a ifl‘ﬁ V(XkyX;c-H)(” = 1a25“"5,k =
0,1,2) i 2.

(=2
S

=

S~

3 L

&R 56

“:,]-DDI( L

& %2r S
= 48+

£ L

B 44+

EQ:H L

’”'40 1 1 1 1

5 10 15 20 25
IR

B2 BT 1 bt AUk R B SR ( V(- +))

3 (a) JEUA Lenna ER; (b) X, &A1 bit SRBNEHIMFRIEE; (o) X, KA1 bit SRS B IEE ; (d) EFIFE RIS

110517-5



4 I % )  Acta Phys. Sin.

Vol. 60, No.11 (2011)

110517

5.2. TREEMIMERAR

R4 A5 F R 256 x 256 HISRH unit8 B ZH (1)
lenna BIGINAGS, N E = [ X, X, ,X,,X; ] o HUH]
256 x 256 x 8 EHE AT I itk 25 B R T I % i o A
W X, (i =0), FIAZER X, SRR EFL.

3
F D L, > 558000 > 256 x 256 x 8 = 524288, H H
k=1

B3 Y A S T DA R A T N AR % 2
fift % v N 5 e R AN 3 B
LA B T i 2 RO T, AR SR [ 17 ], AR S
L T BRI LR S HAA SCER[ 171/ 12,31 A
1% 3 U (SCHR[ 17 1758 73 W) il l LK G A5 3%

B , HF HAEAT AT — AT AT — 7 B BE 1
bit FYERZE U] fige 2l 1 BRAR R A iR 22, AT WL iR 229
RBCRAR HHAL.

6. &  #

ASCHRE Y PNG B — N f ik 3
55 SEUE AT 2 B A B i £ Bl AL 855 3 B
N, SR B S AL AL R AILEE R ke T
BRI, T B AR B I SOR . SO SR
) B2 HABAS [R50 B0 F 9 2 A 51, (A5
HE— 25T

[1]  Wang F L2010 Chin. Phys. B 19 0605151

[2] Sheng LY, Xiao Y Y, Sheng Z 2008 Acta Phys. Sin 57 4007 (in
Chinese) [ BEAIJC  H#ET B8 i 2008 H)B=A4lE 57 4007 ]

[3]  Ping P, Zhao X L, Zhang H, Liu F Y 2008 Acta Phys. Sin. 57
6188 (in Chinese) [F ¥ @ 3K 7 XIRUE 2008 4
HE2EH 57 6188 ]

[4]  Zhang X, Ren W, Tang D N, Tang G N 2010 Acta Phys. Sin.
59 5281 (in Chinese) [ 5K JHl AT T JHAWE JHET 2010
YIBEAHR 57 5281]

[5] LiuYZ,LinCS, LiXC, Liu HP, Wang Z L.2011 Acta Phys.
Sin. 60 030502 (in Chinese) [ X471 1E b4 2% 220w Xl
5 AR 2011 HEE4fR 60 030502 ]

[6] Guan Z H, David J H, Shen X M 2004 International Conference
on Control, Automation, Robotics and Vision, Kunming China
320

[7] Sun FY, LuZ W 2011 Acta Phys. Sin. 60 040503 (in Chinese )
[ FMEHE B SIE 2011 PIHE2E4R 60 040503 ]

[8] Sun FY, Liu S T 2008 Chaos, Solitons & Fractals 38 631

[9] Sun FY, Liu S T 2009 Chaos, Solitons & Fractals 41 2216

[10] Sénchez S, Criado R, Vega C 2005 Math. & Coput. Model. 42
809

[11] Wang L, Wang F P, Wang Z J 2006 Acta Phys. Sin. 55 3964

(in Chinese) [ T % TEZEF-, THEE 2006 4 44 55
3964 ]

[12] Almeida J, Peralta S D, Romera M 2005 Physica D 200 124

[13] Zhang R, XuZ Y, Yang Y Q 2011 Acta Phys. Sin. 60 010515
(in Chinese) [ 7k 7R EIRIE ok T 2011 Y322 4R 60
010515 ]

[14] Gutowitz H 1994 Method and Apparantus for Encryption,
Decryption and Authentication Using Dynamical Systems USA: 5,
395, 589

[15] Li K P, Gao Z Y 2005 Chin. Phys. 14 930

[16] Qian Y S, Shi P J,Zeng Q, Ma C X, Lin F, Sun P, Wang H L
2010 Chin. Phys. B 19 048201

[17] Zhang X, Ren W, Tang D N, Tang G N 2010 Acta Phys. Sin.
59 5281 (in Cinese) [k JH {1 FHEALE . JHET 2010
By 57 5281 ]

[18] Wang F L 2010 Advances in Difference Equations Doi;10. 1155/
2010/985982 Article ID 985982

[19] Zheng Y, Zhang X D 2010 Chin. Phys. B 19 010505

[20] Sheng LY, Cao L L, Sun K H, Jiang W 2005 Acta Phys. Sin.
54 4031 (in Chinese) [ BEFITC B FI2 Ph L 1B 3£ 2005
HyBEEA 54 4031 ]

110517-6



4 I 2 #  Acta Phys. Sin. Vol. 60, No.11 (2011) 110517

A new pseudo-random number generator and application to
digital secure communication scheme based on
compound symbolic chaos”
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(Institute of Applied Mathematics, Zhejiang University of Finance and Economics, Hangzhou 310018, China)
(Received 16 April 2011 ; revised manuscript received 21 June 2011 )

Abstract
A new concept of compound symbolic chaotic series is proposed. According to the kneading pair series in symbolic
dynamics, by compounding a pseudo-random series with sub-series on condition of kneading rules we obtain a new
symbolic chaotic series which is then transformed into a pseudo-random binary number (PRN) series. The length of the
new PRN series elongates at a speed of geometric procession with iteration number. Theoretical and experimental analyses
both prove that the above algorithm provides an effective PRN generator. To apply the algorithm to digital secure
communication, a new cellular automata is established. With the automata, the data expansion is avoided, the encryption

is finished quickly, the obvious avalanche effect can be produced, and thus the security is improved.

Keywords: compound symbolic chaotic series, symbolic dynamics, pseudo-random series, cellular automata

PACS: 05.45. Vx

* Projected supported by the National Natural Science Foundation of China( Grant No. 10871168).

+ E-mail ; flyerwon@ sina. com

110517-7



