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Abstract

Previously, there were many studies about the problem of representation of natural numbers. But
it’'s comparatively rare to study the problem based on Fibonacci sequence and its extension. This
thesis mainly discussed the feasibility and diversity of this kind of representation. Utilizing enu-
merating polynomials and binomial codes, we focused on minimal and maximal representations of
natural numbers. In addition to Fibonacci sequence, we also studied the situation of Lucas se-
quence and offered some hypotheses in the case of n-step Fibonacci sequence.
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BAEFoR, W T B M RFRFEABH, BT B F (K +1) BT,
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Table 1. Enumerating minimal polynomials using Fibonacci numbers
%z 1. Fibonacci B Uit #Z =

m [F(m), F(m + 1)) Rua(X)

1 [1,1) 0=P(x

2 [1,2) x=PR(x

3 [2,3) x=PR,(x

4 [3,5) X +x=P,

5 [5, 8) 2 +x=P,

6 [8,13) X2 +3%% + X =

7 [13,21) 3x°+4x* +x=P,(X)

8 [21, 34) Xt +6x° +5x° + x =P, (x)
9 [34, 55) 4x* +10x° +6x* + x = B,(x)

Table 2. Recurrence relation of the minimal representation using Fibonacci numbers

5= 2. Fibonacci J/b RSB HER FR

Hfidy Fibo Fihd Fibo it Fibo Zihd Fibo
10000 8 — 1010000 29 100000 13 — 1000000 21
10001 9 — 1010001 30 100001 14 — 1000001 22
10010 10 — 1010010 31 100010 15 — 1000010 23
10100 11 — 1010100 32 100100 16 — 1000100 24
10101 12 — 1010101 33 100101 17 — 1000101 25

101000 18 — 1001000 26

101001 19 — 1001001 27

101010 20 — 1001010 28

FE, 1.
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AN P (x)=x"+3 + %
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RESEHR F(n-1).
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5. Lucas BIR7R

W FRA 1% Fibonacei #4 il Lucas %, EN: 2,1,3,4,7,11,18, -, 81T 3 T B IE BB R R [5]. [FIRE
i, ?iéﬂ‘w[L(m),L(mu)) AN E AR TR E T Q, L, (X) 2T A K — T dx! o
Hd ANEETFEH A Lucas s k0. xF T+ [L(s), L(G)) =[11,18) rh it B U R D R A 11 =11,
12=11+1, 13=11+2, 14=11+3, 15=11+4, 16=11+4+1, 17=11+4+2, HITHZEXEH
FE DT A Q, (x) = 2% +4X° + x » MBI F e R I — AR, Bl N?[L(m),L(mH))’@
— N REE Lucas (b FoR—E S E A L(m) .

Table 3. Enumerating maximal polynomials using Fibonacci numbers

%z 3. Fibonacci &R Zit ST

m [F(n)-1F(n+1)-1) Pri(x)

2 [0,1) 1=F(x)

3 [1,2) x=P/(x)

4 [2.4) X +x =P (x)

5 [4,7) x*+2x° =P (x)

6 [7,12) X 3¢ +x* =P (x)

7 [12, 20) X +4x* +3%° =P (X)

8 [20, 33) X°+5xX° 46X +x° =P (x)

9 [33, 54) X' +6x° +10X° +4x* =P/ (X)

Table 4. Recurrence relation of the maximal representation using Fibonacci numbers
% 4. Fibonacci £z Z RIS HER R

Ynhd Fibo iy Fibo Hiifidh Fibo iy Fibo

1010 7 — 101010 20 10101 12 — 110101 25

1011 8 — 101011 21 10110 13 — 110110 26

1101 9 — 101101 22 10111 14 — 110111 27

1110 10 — 101110 23 11010 15 — 111010 28

1111 11 — 101111 24 11011 16 — 111011 29
11101 17 — 111101 30
11110 18 — 111110 31
11111 19 - 111111 32
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1T Fibonacci #1 Lucas R AZWITIAIE], P FHEHER R R, M FA T LAHEN P # i 52
Tt 1) 8B HE O 3 LA AR —FE . AT LLE 72 6 HZWBE 7R 1 Lucas S /b 132 s HE ¢ R 2.
2 F Lucas M2 i1 502 WA 9 2 A2 /) Fibonacci 28181, 7F BLak A FRTEA

54 Lucas M fx />R 8 & B 5 Fibonacci —FEHZ2ME— W ? ZHEREBT . B4
5=L(1)+L(3)=L(2)+L(4), &VELRERRMME—NE, WA BB, Rkt —.

6. n £ Fibonacci FFIHTRT

A AT E— T n AR Fibonacci #4152 5 A LIk 2 & IS5 6]
BATHRES F (m) Jy n R Fibonacei #51, %4 HALY

Table 5. The number of possibility of representation of n using Fibonacci numbers
%z 5. n A Fibonacci #Z=/RMIET B sE 8 B

n R(n) n R(n) n R(n) n R(n)
1 1 16 4 31 3 46 2
2 1 17 2 32 4 47 5
3 2 18 3 33 1 48 5
4 1 19 3 34 4 49 3
5 2 20 1 35 4 50 6
6 2 21 4 36 3 51 3
7 1 22 3 37 6 52 4
8 3 23 3 38 3 53 4
9 2 24 5 39 5 54 1
10 2 25 2 40 5 55 5
11 3 26 4 41 2 56 4
12 1 27 4 42 6 57 4
13 3 28 2 43 4 58 7
14 3 29 5 44 4 59 3
15 2 30 3 45 6 60 6

Table 6. Recurrence relation of the minimal representation using Lucas numbers

% 6. Lucas sV R RHNBHEXR

Hrifid Lucas Yhg Lucas Yhg Lucas Yhg Lucas
10000 7 — 1010000 25 100000 11 — 1000000 18
10010 8 — 1010010 26 100010 12 — 1000010 19
10001 9 — 1010001 27 100001 13 - 1000001 20
10100 10 — 1010100 28 100100 14 — 1000100 21
101000 15 - 1001000 22
101010 16 — 1001010 23
101001 17 — 1001001 24
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