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Abstract

In the present paper, we mainly investigate the fractal dimensions of the linear combination of
certain fractal functions. We discuss the estimation of Upper and Lower Box dimension of the li-
near combination of fractal functions having different Upper and Lower Box dimension, and have
obtained the following results. In some cases, the linear combination function has Upper or Lower
Box dimension that is related to the original function. In other cases, Upper and Lower Box dimen-
sion of the linear combination function is uncertain.
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EX 2.101].
A f(x)eC() N1 LA RTE, NO(F, 1) RATLAER f MR & WL 4 R A
. R Box 4EEay il e SUCh

di_mBr(m):Li_n;% 2.1)
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di_mBF(f,I):WM. (2.2)
50 —logo
IR PIME RS, WRRIZILRIE Y f 1) Box 4%, N
dimBF(f,I):Iimw. (2.3)

>0 —logo
4D, (1) AL | LHA Box 4i4s(1<s <2) MRS, 4 DZ (1) &FrATE | LEA L Box
Hikrs,, T Box 4Efls (1<s <s, <2)HIMREIIEESA. Wiks =s,, MDZ(1)=D,(I)-
KT TCAERA 2P R AN A E SCAT AFESCRR[1]AI[11] [12] [13] k3. R¥EE L 2.1, AT

Hy LUR R A S 1
513 2.1 [1].
A f(x)eC(l), WH
1<dimgT(f,1)<dimgI(f,1)<2. (2.4)
WHRT(f,1) 1) Box 4HUfFE, WA
1<dim,T'(f,1)<2. (2.5)
51 HE 2.0 Al AR —NAIIXTH LIS R AL, B L Box 4E8 A LA 2 LUKCR Box ZEHLT

HRT 1.
F5[ab] b f(x) BAZMGESER, [a,b], A
R [a.b]= sup [F(x)=f(y)|
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5 2.2 [1].

£ f(x)eC(l), 5e(0,1), m BANF & HIB/NES N, (F,1)Fam N ET(f, 1) HIZEH S M
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dimg I'(af +bg, 1)=dim, I'(0,1)=1.
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T'(g, 1) AHAEH & WL AN . ¥ NyT(af +bg, 1) 18/E5 T (af +bg, 1) #1221 & W SL 5 14
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N,C(F1)<(67), se(-5,0).
GG HAM S >0, & >0,
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N,T(g,1)<(57)
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< 2m+a(§‘l)w1 +b(5‘1)54+82 .
Y 5e(-6,,8,), &=min{s,s,}, Wt Me,,
N,I(af +bg,1)<(1+a)(67)", (¢ —0).

[l 1k
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dimg[(af +bg,1)=dimg['(f,1)=s,.
51 Box ZEHRMARE, WL E]
dim,I'(af +bg, 1) =dim,I'(f,1).
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Table 1. The fractal dimensions of the linear combination of continuous functions

1 EERBLMEENSTER

feD? geDy s, <S, S, <85 <8, <5, 5, <8, <S5, <S8,
af +bg,ab#0 D (1) D (1) Dz (1)
feD? geDy S, =5,,5, =5, S, =555, %S, S, #5,,5, =S,
af +bg,ab#0 AHiE DI (1) i E
feD? geDy s, =S5, s, =s,=1s,#5, s, =s,=1s,=5,
af +bg,ab =0 D2 (1) D™ (1) Dy (1)

L PE K CAHE " RN LA S L T Box ZEEURAHE M. s RIS ANHE 1) 1 Box
HER T Box 4EHL.

MBI T LS ], KT T(F, 1) FIT(g,1) S TRAE R, IR A By F Box 4%
ST(,1) (BT (g,1) YEFF—BG —SeIE T, MBLPESL & RAELE F Box 4%k F Box 44 24T (f,1)
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FEIX 0y, AT LK, ZEG] 7t b3 T 8RAE £ 3o A R ait.

1 4.1 [14].

%0<a<l, A /" +wo, Besicovitch EHAiLH

B(x)=>4;“sin(4x), 0<a<1.
j>1

MK, A =(4) AL

2

mBF(B’I):Z_O!; di_mBF(B,I):l__
+a
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4 f(x)ea 230801, 02, 03, 0.4, g(x)fa 37805, 06, 0.7, 0.8, L 24T I(f,1),
r(g,1), I'(f+g,1)fE. T Box 4L,

El 4R T T(F,01)5T(f+g,1) 1T Box 4816 & £ 5 s 7 T(f,1) 5T(f+g,1) (1.1 Box
HEIRI )R R

Table 2. Numerical results

F2 BELR

dim,I'(f,1) dim,I(f,1) dim,T'(g,1) dim,I'(g,1) dim,I'(f +g,1) dim,['(f +g,1)

1.8245 1.8835 1.3278 1.4963 1.8314 1.8924
1.6712 1.7847 1.2473 1.4215 1.6808 1.7907
1.5350 1.7021 1.1729 1.3270 1.5387 1.7120
1.4210 1.6231 1.1301 1.1810 1.4401 1.6297
1.9 : :
f(x) FBox4E%L
*_ - - fx)*+g(x) FBox4E%L
1.8+ \\ 4
1.7¢
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1.4 : : . . -
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Figure 4. Connection among ¢, dim,I'(f,1) and dim,['(f+g,1)
B 4. odim,I(f,1)Fdim,[(f+g,1) ZBEMEER

N f(x)_FBox#i %k
1851 "\ - % - f(x)+g(x) FBoxzER |
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Figure 5. Connection among e, dim,I'(f,1) and dimg['(f +g,1)
B 5. a,dim,C(f,1)Fdim,[(f+g,1) ZEEBER
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WA ZAN L 3 HAVNT 20 SRTT, AHRL A 73T i i 2 1 4L (0 TR 4RO il ZE R RS 2

E&WE

IR E K B AR R e (S 12071218). VL7548 H AR & (b1 5 BK20161492) Al H e sy i 2
REAE 9025 3 (L HE 5 30917011340) ) 7 #F o

SEEk
[1] Falconer, K.J. (2004) Fractal Geometry: Mathematical Foundations and Applications. 2nd Edition, John Wiley & Sons
Ltd., Chichester. https://doi.org/10.1002/0470013850

[2] Barnsley, M.F. (1986) Fractal Functions and Interpolation. Constructive Approximation, 2, 303-329.
https://doi.org/10.1007/BF01893434

[3] Bush, K.A. (1952) Continuous Functions without Derivatives. The American Mathematical Monthly, 59, 222-225.
https://doi.org/10.1080/00029890.1952.11988110

[4] Xie, T.F. and Zhou, S.P. (2004) On a Class of Fractal Functions with Graph Box Dimension 2. Chaos, Solitons &
Fractals, 22, 135-139. https://doi.org/10.1016/j.chaos.2003.12.100

[5] Liang, Y.S. (2019) Progress on Estimation of Fractal Dimensions of Fractional Calculus of Continuous Functions.
Fractals, 27, Article 1D: 1950084. https://doi.org/10.1142/S0218348X17500098

[6] Hu, T.Y. and Lau, K.S. (1993) Fractal Dimensions and Singularities of the Weierstrass Type Functions. Transactions
of the American Mathematical Society, 335, 649-665. https://doi.org/10.1090/S0002-9947-1993-1076614-6

[71 Hyde, J., Laschos, V., Olsen, L., Petrykiewicz, I. and Shaw, A. (2012) On the Box Dimensions of Graphs of Typical
Continuous Functions. Journal of Mathematical Analysis and Applications, 391, 567-581.
https://doi.org/10.1016/j.jmaa.2012.02.044

[8] S A EILAMECEIERIM]. i RISRHEEOE HRRAE:, 2000.
[9] Xiao, W. (2021) On Fractal Features and Fractal Linear Space about Fractal Continuous Functions.

[10] Wang, X.F. and Zhao, C.X. (2020) Fractal Dimensions of Linear Combination of Continuous Functions with the Same
Box Dimension. Fractals, 28, Article 1D: 2050139. https://doi.org/10.1142/S0218348X2050139X

[11] Falconer, K.J. and Fraser, J.M. (2011) The Horizon Problem for Prevalent Surfaces. Mathematical Proceedings of the
Cambridge Philosophical Society, 151, 355-372. https://doi.org/10.1017/S030500411100048X

[12] Mandelbrot, B.B. (1982) The Fractal Geometry of Nature. Freeman, San Francisco.

[13] Besicovitch, A.S. and Ursell, H.D. (1937) Sets of Fractional Dimensions (v): On Dimensional Numbers of Some Con-
tinuous Curves. Journal of the London Mathematical Society, 12, 18-25. https://doi.org/10.1112/jlms/s1-12.45.18

[14] Liang, Y.S. and Su, W.Y. (2008) The Relationship between the Box Dimension of the Besicovitch Functions and the
Orders of Their Fractional Calculus. Applied Mathematics and Computation, 200, 297-307.
https://doi.org/10.1016/j.amc.2007.11.014

[15] Rogers, C.A. (1988) Dimension Prints. Mathematika, 35, 1-27. https://doi.org/10.1112/S0025579300006239

DOI: 10.12677/pm.2022.124060 548 s E


https://doi.org/10.12677/pm.2022.124060
https://doi.org/10.1002/0470013850
https://doi.org/10.1007/BF01893434
https://doi.org/10.1080/00029890.1952.11988110
https://doi.org/10.1016/j.chaos.2003.12.100
https://doi.org/10.1142/S0218348X17500098
https://doi.org/10.1090/S0002-9947-1993-1076614-6
https://doi.org/10.1016/j.jmaa.2012.02.044
https://doi.org/10.1142/S0218348X2050139X
https://doi.org/10.1017/S030500411100048X
https://doi.org/10.1112/jlms/s1-12.45.18
https://doi.org/10.1016/j.amc.2007.11.014
https://doi.org/10.1112/S0025579300006239

	关于某些连续函数线性组合的分形维数估计
	摘  要
	关键词
	A Remark on the Fractal Dimensions Estimation of the Linear Combination of Continuous Functions
	Abstract
	Keywords
	1. 引言
	2. 定义及符号
	3. 主要结论
	4. 图像
	5. 结论
	基金项目
	参考文献

