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Graphical conditions for converting Galois NLFSRs into Fibonacci
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Abstract: This paper investigates the necessary and sufficient graphical conditions for converting Galois nonlinear
feedback shift registers (NLFSRs) into Fibonacci NLFSRs, aiming to provide theoretical support and a decision
framework for the equivalence conversion between these two types of shift register structures. First, using the matrix
semi-tensor product theory, the algebraic representations of the evolution equations for both Galois and Fibonacci
NLFSRs are established, and then the algebraic criteria for their transformation are derived. Second, based on the state
transition matrix of Fibonacci NLFSRs, the intrinsic state transfer properties are analyzed and a set partition method is
introduced. Accordingly, graphical criteria for the transformation between the two types of NLFSRs are established.
Furthermore, according to the proposed conversion conditions, a corresponding structural conversion algorithm is
designed to realize the transformation from Galois to Fibonacci NLFSRs. Finally, two numerical examples are
presented to verify the feasibility and effectiveness of the proposed criteria and the designed transformation algorithm.
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equivalent transformation graph condition
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781556 fEBIGHE—ATHIERICEEMNS
fatn, 9 EIES

(1)

ke = 6, kg = 8. H1Sy, U Sk, = {kv, ks } %S, U S,
= {ky, ke}, 8k =5, ky = 4.

b) 1 Sp, USk, = {ks, kic}, B Sy, =S, =2
ky = 3, AT13S,, = Sy Mifiks = 2.

(R, AEAE TR 5 s 53

{1, 3}, {7, 4}, {5,2}, {6, 8}. (22)
ZRIH R (13) . KRG 21 KRS B
2 o, i Sk I SO Sk R T T R A
A0 RISk S 3B M TH AR e (22) 11
HFETT = 65[13745268]. &t H A F =
TGT™ = 642358135 7]. KT, Galois 2447 7
74% (21) A 424 Fibonacci M7 27 f7-4%, HRKik
AR
1,2,

zzi+1(t), i = (23)

2 A% (21) BPRESEBE

B2 %JE Galois RIS %1728
.’E1(t + 1) = xz( ) ® ﬂfl(t),
xy(t+ 1) = x5(t),
2t 4 1) = 2a(8), (24)
a;4(t +1) = 371( ) @ 333( ) (t),
HABER Mot +1) = Ga(t), HF

G=10,4[1011131523571468912 14 16].
G — 17 AEF TR TE R bR, 13 2
£a5
S, = {9}, S, = {5}, S, = {6}, S, = {10},
Ss = {7}, Ss = {11}, S; = {8}, Ss = {12},
S9 = {13}7 SIO = {1}7 S = {2}, 512 = {14},
Sis = {3}, S = {15}, Sis = {4}, Sis = {16}.



FxH

I Y F: Galois B AE & 4 B 7T 4545 Fibonacci BAZ {2 F A4 BB &4 7

4R LIRS, vT4s A B 45 B T B Ak
%

a) MR S = {16} FAIHER 2, Bk, = 16. H T
S, ~816 H Sy~ Sy, T A ky = 1, kys = 2, kig = 5.
i Si, USk2 = {kh k9}7FD Sk15 USk16 = {k7,k16},
W5k =9,k =17.

b) T EE (19 MES (20), FI1510 € {ks,
kb, 11 € {kys, ki), 8 € {ky, ki), 13 € {ks, kis}.
BEMiF 2 ko, k, € {3,4,6,12,14,15}.

c) Mk =6, M1 (13) AT IKHf E by = 3, Ky =
10, ks =13, ke =12, k, =4, ki, = 14, ki, =8,
ki = 1140k, = 15.

FH A5 2103 2 25 1F (13) Ikl o)

{16, 1}, {3, 10}, {13,12}, {4, 7},
{9, 6}, {14, 8}, {11,15}, {2, 5}. (25)
3RS 24) MRS E, Bk
X9 i S JrE 0 P SZE T A 4R 10 A 208 Je B Sy 7 Sk Sk i
BT AR, B (25) P EHARET N
T=06215371610812941365 1114 1].

N

3 R4 (24) WRTSHEBE

HF =TGT™#%
F=0,145791214162368 1011 13 15].
(Rl 1fi , Galois & #% {1 & 17 #% (21) 7] ¥% #
Fibonacci IS 25 A7 #s, HFE 0T
zi(t+ 1) =z4(t),i=1,2,3,
zy(t+ 1) = 22.(t) ® ((22(8) A (25(t) V —24(1)))
V (mz2(t) A (23(t) A (1))
VE3 2 tpBuh i B R T R ANAE —. 7ESC
Wk [26 28] Y, BHAEFETH B IF AT = 6,46 578
3421111210914 13 1516], Ik i F = 6,4[2 3
571012141514 68911 13 16]. L& 2 f L
Bk [26, 28] 175 2 i) FHE AR, {H 2795 &2 Fibonacci
Gk ERZS AL B A A
4 % W
ARSCHREH T —F¥ Galois HIAELE 1 S 1 B8 1 2F
1745 e 459 Fibonacei B4 JF 2 M s 151 8 A 27 A7 4 1)
IR I e Y AT E2 A IE L 3L (AN SNy

HR L B T2, HEF H Galois B RS AL 27 A7 4% 1T
454 Fibonacci B H {7 & 17 # 1 78 70 0 B P& 5% AF,
H— D T B RENME A SRR
R LG, A SCHT 4 H I D AU T Galois 24 # r
ARG P IR T R AT A A B A S,
KEBEE T AR RN R 25 748 A0 B3 4
IR HESE. J5 SR F0R dE — PR F0 S 45 N (1)
Galois B! # 7 27 7 4% 7] 2 5t BR 20 A f(z,u) B
Fibonacci B AL 25 A7 4 A B T AT 1.
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