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Abstract

This thesis proposes Arithmetic Shift Register(ASR) which can be used as pseudo random number generator.
Arithmetic Shift_Regisber is defined as progression that multiplies random number D, not 0 or 1 at initial value which is
not 0, and it is represented as ASR-D in this thesis.

Irreducible polynomial that ¢ which makes D=1’ satisfies uniquely as t=2"—1' over GF(2") is the
characteristic polynomial of ASR-D, and the cycle of Arithmetic Shift Register has maximum cycle as 2" — 1’ Galois
Linear Feedback Shift Register corresponds to ASR-2-1. Therefore, Arithmetic Shift Register proposed in this thesis

2
generalizes Galois Linear Feedback Shift Register, Linear complexity of ASR-D over GF(2") is 'm< LC < nT_HL' !
and in comparison with existing Linear Feedback Shift Register stability is high. The Software embodiment of arithmetic
shift register proposed in this thesis is efficient than that of existing Linear Shift Register and hardware complexity is
equal.

Arithmetic shift register proposed in this thesis can be used widely in various fields such as cipher, error correcting
codes, Monte Carlo integral, and data communication etc along with existing linear shift register.

Keywords: Z2o] A% #3 #x2H, Galois, Feedback Register, Shift Register

* =] © 1 5 =) o I TLE I A-I %

439, 2R oA P FE B

(Department of Computer Engineering, Graduate

School, Pukyong National University) . o] AREA Hoke] nHjefAe) wrxow 9]
% o] EEL 200445 T BTN SECIEE:
% ;}%% 20049 = FH3F214 G oste =9 o RE ANE AHYS S

HeAdAb: 2005999179 $ASEY : 20063193Y aRQE Bete] T2k o4l HYa,

L



2 20| N HE YX AR Yuts] ghEe
gol AYHY. =G AFeY Aelseo] 43 0. M8 Ag AZE YRAH
gatel 4T % Azl 9% Ho] FuHons fe
o 24e a7l Ho 48 AR AZE AA2EE AZE dH2EE
$Er B s 259 g5 Yded, 17 Aske Bd meb gagx 4 48 AzZE aﬂx}
So 2EY FEE HE wi FEse sPsinz 29 g AY A% AZEYA2HE Ui F 9
e At glu B2 ging £57 wateE 3y thoo] FdAMe F AE A48 AZE gRIAEA g
ol itk 2EY ¢zelA ¢ iﬁ}—g— AsM Argshe A A gekR Ak
o] )ahdsubazlolt), byl haBat of
U 9RARE, BUUR A2, dolasa 5 gy | HEUR U8 B ARS AN2E

Fokoll X Z WA AMEHT U}, ol g JAdguA
712 A8 H$ AEZE  YA2E(LFSR, Linear
Feedback Shift Register)7} 7Veslal, S2r&E7) wa
o, FEA 02 I AHoHo Qe FHE VIXEE Bo
ARSI Qi) =3 MY Hg A ZE GAAAHE HEY
Azl AE Ag A ZE A 2E|(FCSR, Feedback with
Carry Shift Register)o] W& d7= 8=z g,

AY AR NZE GRzgs T4 wahd I
Hupx pAH g o] 4 Wao] ik Frux MY
A% AZE HALHE AZEYOZ Fdo] Zdsltt
T @30l glo] o]& WS o] AR HY AT A
ZE YA2HZE d AHSHT

B =3odAe A8 A% AZE HAAHAY A}
YFHAZIZ AL 5 Qe ARE TR AE AZ
E YA LE(ASR, Arithmetic Shift Register)E A9+t
o s AZEYALHE Z2o] A A NZEY
AzHE Qiaket goz GF(2") oA %f&
Dg 9%Hoz Fsj Fxoln, oF
ASR-D= 7)&3it}.

ASR-27'e Z2o] A AR AZE |24
Sk uehd B =24 Agkshe B AZE 97
*Eab dazol 4% AL dAsHE éiﬁ} Aolut,

é—_},

E410l 2 sh=dlel Fao] gol8iT, 4
74/\1 220 MY A% AZEHA 28}

ﬁza M B 59 e
R g 45, LFFAR
4%, doly 4 5 ofe) Rojold #83

O7golA H8 A% AZEHA2Ho o
MgolA Ate AJZE #A2HE Ho
I VA AzEdee stedoz Fdsd, VI
AN YRS Fo, VIPIA 4B Pt

AEUA AY A8 AZE Y2HE 39 19 Y
Bt EuA Y HE8 AZE YA 2EgA
g, Gy, "5 Q1 Z7IFE0] AFE ] lom A2 Y
A5 & e, 4 12 Fo)ATh

olefe SN A% e AZE dAHE 4
slo) Fdo] T D] AHAF T L vE BD)

2. Z20| HME HE AZE X LH

CHRUA AY A3 AZE gx2HE AZEYo|R
TEo| 2T o] gk o] BHE HAS] YA
T Aol ZRo| MY HF AZE A xEo|th 2
2o] AY A% AZE HYX2=HE 18 29 Vel

2ol A8 A8 A ZE YA AEHE npA2 g &

go] S0 ARF5FS 4@ ; deke] 293} BE
22548 3o g do AEHY 3 WA
2] 27} "o
a; = a;, 1 Dp; 109 for 0 < i< n—2 @
-1 = pna'()
a, a, s
Py Py
% 1. HEUX MY A AZE X A
Fig. 1. Fibonacci Linear Feedback Shift Register.
> a P> P> a, P> g, s
p, Py P, Py
a3 2. Z=2o| M8 H & A|ZEFX|AEH
Fig. 2. Galois Linear Feedback Shift Register.



2006 18 MA33 =N A 43ACIEH1 3 3

Ol. ¢k A|ZE X AH

Aol 31 GF(2") 3ol A 00] obd z7] 7 Ayl 0
EE 10] ol Y99 4 DB Fie FEL 4% A
ZE YA AE(ASR-D : Arithmetic Shift Register-D)
2 Aolgtt ASR-De] i sl g(del) A= A.D}
A,

Lemma 3.1 Z2o] 4y AY AZE dyxxee
D=27"9 & ANZE YA2EIY. F, e A=
E YA2HE 20| ¥ A% AZE A 2E o
Wl

Proof Z2o] Ay #Ad AZE A2
249 @ GF(2")3eA
(irreducible polynomial)e] P(z)<Ql 7ol

¥

Al
2]

N |
St '8 Uerath ek el 310 9ste] Zzo] A

3 A% AZE X 2% ARS-2'olth, O

Lemma 3.2 GF(2")2x 0 E£& 10] opd ¢
4 Dol gjste] 'Dr=1'0] B& t7} t=2"—1'z &
gad 02 AP EE § Re (1,2, -, 2" 1}
D*e (1,2, -, 2~ 1)2 BAT 4 Yok,

Proof D* € (1,2, ---,2"—1}2 g% 4 g
& Ryo7b 28 % (R—Ryp) <2"—1'0] 3
o} ol WEsy] SisiAE 4 30 Ay oo dh.

(3p), (3¢), DP=D*

rir

3)

4 39 g D'z e D 0=1'| G}, 3

ofof ofstd P—q=2"—1"] S,
P=2"-1+¢%  Hojo} @t 1Y
p,g€efl,2, -, 2"—1}z2 Hoslgonz o A&
RSk p, e EAEHA gkE 0

Lemma 3.3 GF(2")4914 0 & 10] obd 99

& D7} 9@, Do) dgisted DF=1'] H& t}
t=2"-1'2 $Jsd 0¢ A 2 & A:
A=AD'e {1,2,...,2"~1}z madzd & Qo

ApE 00] ohdl 99} Folct,

Proof Lemma 3.12%H D"= 08 AY3 2= 4
Re (1,2, -, 2"-1}g 448 4+ At g2

RA, € {1,2, -+, 2" —1}eIr}, O

R¢] 32 1|24 Bat P(z) 2 gddx GF(2")
A 0 EE 1] obd 9] 4 Do thate] DF =1
o] ¥ t7} t=2"—1'2 §d3d P(z)E ASR-D
o] EX1t}3t4](characteristic polynomial)©]2} 3ttt

A2 GF(2™) Aol A
polynomial) &2 HAHE ASR-Deo F7j& 2"—1'
ojch

E-Alt}5h2] (characteristic

Proof Lemma 313 Lemma 3223 Z93 4
oh;}_ D
Lemma 34 GF(2")dq 2"—1'9] mE 4%

, DV 1791 wj2alr)

AF poll dste] ‘U=

F2o] ASR-D9| E4ttgajolnt.
Proof 2"—1=pU's|zn 'CP=D") C7} &4

2"—1
b

s, 'DV= C?"= 1] 9Ath. wepy 'DF=1'] g
=7 t=2"—1'2 §437] gaxE 2" —1'9 »

2% % pal fake] U= 2 =1 DV 1)

F oo} gt O

o 1 R%—1=3x5X17x257x65537"o|c}.
GF(2*®2) 49 w=guas 'Pa(X)=0 x 197943
ch /oﬂ}ﬂ D= 2?_] 76”?‘0" Q5><17><257><65537: llo]E}.

utgb] Pa(X)E ASR-291 SA4tiaale] ofur} u)

=
L

Bortara 'Pb(X) = 0 X 19fa0fR27 's|x= D=2
¢l A9 Lemma 33& w&E3tEa Pbh(X)E ASR-2
o S4ta4oln.

Lemma 35 GF(27) Aol 27— 1'0] 4gold &
E HlEdgaae ASR-De EAE ol

Proof Fermat®] little  theoremo]  |3}¢]
t=2"—1,DF=1'0) g1t} t7} Adojmz D=1’
T=2"—-1'2 §9s. 0O
A 7FeuA 21— g 2232 Mersenne A%
B e, i={-,13,17,19,31,61,89,107,127,
ol @A 9o

=
|
r

b=l

1. AZER0| 7H



4 HE0| MY AR XN Uihst g4

32 HE AFEA GF(2%)4e) ASR-29} ZZo]
2 duyx A3 A8 NZE PAAHE Cojm =
zadssd E 19 2o,

E 194 32 HIE 2t
3], xor G2 13, A ZE A} 23]7hS
49} dabo] Basith (int) FWE ANAE HDst
NANE AR e FHsts A
e a8k gt

ols Hlmate] ZRo] ME #AH AZE PYH2HE
& At 23], or AAF 18], xor A4} 13], A|ZE HAF 2
3| FY3tEE F 61 d4te] "esitg aga v
U A8 A8 AZE FA28E xor G4 63, or A
Ab13], ANZE A2 73] YA F 143 A4S Lo
z 3.

32 W|E AFEoA GF(2%)39 ASR-29 Z=o|
2 Arux AE Ag AZE gA2HE Cojz =
23 AL F 20 BAT) |

2 HE AFHYelA GF(2%) 4w GF(2%) o4
ASR-28 ZZo] 2 JrUA MY A% AZE A&
HE CAolz z2adste Ao 47 fhEE 57
S vl § 39 ®Belt}

£ 3028 ¥ ASR-27F FH] Z=2o] A8 A A

E #A2Bntg 2xEY 0] FEA GF(2%) 4
AE 1o A4 $7b 2Eol Y A% ANZE A
2ElRTh 33%, FRUA A8 A% AZE gH2gHR

o

E 1. GF(2®)Mo| ASR-29t Zzo| P mELIX|
M8 g AZE XA CEzTY
Table 1. C program of ASR-2, Gailois and Fibonacci

Linear Feedback Shift Register over GF(2%).

unsigned int P ; /* Characteristic polynomial */
unsigned int A, B ;

/* ASR-2 %/
A=(A<<] " ((inhA >>31) & P);

/* Galois-LFSR */
A=(A"(-A&D&P) > 1| (A3 ;
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Table 2. C program of ASR-2, Galois and Fibonacci

Linear Feedoack Shift Register over GF(2%).

unsigned int P[2] ; /* Characteristic polynomial */
unsigned int Af2l, B, C ;

/% ASR-2 #/

B = (int)All] >> 31 ;

All]l = ((A[1] << 1) | (A[0] >> 31)) ~ (B & PI1D ;
Al0] = (A[0] << 1) ~ (B & PIO)) ;

/% Galois-LFSR #*/

B=-(Al0l &1);

C=A[lll" B &PF1);

Al0] = ((A[0] ~ B & PIOD) >> 1) | (C << 31) ;
Alll =(C>1D | B<<3D;

/* Fibonacci-LFSR */

B = Al1l] ~ P1] ~ Al0] ~ P[0] ;
B*=B>>16;
B"=B>>8;
B™=B>>4,;
B*=B>>2;
B*=B>>1,
Al0] = (A[0] >>
All] = (A{1] >>

(Al1] << 3D ;
(B << 31);

D
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Table 3. Compare operation speed of ASR-2, Galois
and Fibonacci Linear Feedback Shift Register
over GF(2®) and GF(2%),
ASR-2
& or Xor shift total
GF2™)| 1 1 2 4
GF(2*™)| 2 1 2 4 9
Galois-LFSR
& or XOr shift total
GF(2™)| 2 1 1 2 6
GF(2*)| 3 2 2 4 11
Fibonacci-LFSR
& or XOr shift total
GF(2%) 1 6 7 14
GF(2™) 2 8 9 19
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Table 4. C program of ASR-6 over GF(2%).

unsigned int P ; /* Characteristic polvnomial */
unsigned int A ;

"= (A << 1)~ ((inHhA >> 31) & P) ;
A=(A<<] " (GnA >> 3 &P,

E 5 GF(2%)ate] ASR-De| c=z2a
Table 5. C program of ASR-D over GF(2%).

unsigned int P ; /* Characteristic polynomial */
unsigned int A, D ;
unsigned int B ;
for (B=0; D; D >>= 1)
{ if (D&1) B "=
A = (A<D ((int)A>>31)&P) ; }
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