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Abstract; A product space of normed linear spaces is considered, and the cone in the product
space is produced by the cones in its factor spaces. A completely continuous operator is in the
product space defined on the bounded closed set which is the intersection of the cone with two
closed balls, and the range is in the cone. Under the mixed cone expansion and compression
conditions that are expressed through a class of nonnegative, positively homogeneous, concave
functionals on the cone, some fixed point theorems about the completely continuous operator are
proved by constructing methods and converting them into the problems of Schauder type. It is
illustrated by example that the concave functionals needed here are easily constructed in a common
space and on a cone in it.

Key words: fixed point; completely continuous operator; cone expansion and compression;
concave functional; product space

W E ZEEIMEL A, 0 R E FIEIT
R, K& EPiusE, WCHR[1]. e ] E x
E={(u,u,) lu, ,u, e E{ g XJEEN || (u,,
w) || = u || + [u |l ¥ K, F1K, & EHH
PN, Sk K, x K, =5[] E x E i .
WHRO<r, <R (i=1,2), BLK,,=(K), g X
(Ky) o5y » FEP

(K.),p =lu,eKlr<|lu | <R} (i=12).

WRFF A:K, xK,—E(i=1,2) FE4iE4k
1), WIFRA = (A, ,A) RSy, SCHR[2 ] ATk
RS (B IR 1 R A S o 10 2 e R A 5 s 40

Wi EE: 2013 -11 -29
BEE&WB: LT ARFFEE I H (201102070).
TEFERAN: KEM 1965 - ) 5 LTI A, RILKFH %,

B SER. 2 R IR 5 AR A S
ANBI) E I T WL SCHR[3 - 13 ], A TR
RS (AR T LA M2 e B A L 5 R 4 4%
TR S EH. & a: K—[0, + o ) KMz
BR, R a(Ax) =da(x), VY A=0,VxeK, M
a IEFFIR.

1 EEES

DA A = (A, A,) K, z—K, x K, &
ﬁﬁy ai:KiH[Oy + )%jEﬁE%ﬁM?zgl’



302 RAAKXFFROAAAFR)

% 36 %

a,(x) >0, YxeK\{g} (i=1,2).
EE1 W TI R L

| u | =ri=a,(A(u))=a(y,),
lu, || =R=a, (A (u)) <o, (u,),
| u, | =rn=0a,(A,(u))=a,(u,),
[ u | =R, =0, (Ay(u)) <o, (uy),

ot u= (o) €K, gy BB A 18 K, PAEAER

iE A h=(h ,h) ek xK,, h#0 (i=
1,2). EXA:K, xK,—K, xK, i F (Hrhidlr] =
r/ lu | LR =R/ Ju || (i=1,2)):

WS u, =08 u, =0, WA(u) =h;

WHRO< |Ju, || <r, HO< || u, | <1y, N
Z(”):min{[71]71,[”2]71%14([’”1]”“["2}“2)+

(1=min{[r, ] 7", [r,] "} )hy

WERO< Juy | <ry Hory< fluy || <R, W

X(”):[rlJ_lA(l:rl:lulauz)+(1_[r1:|_l>h§

WERO< [luy || <ry Holu, || >Ry, W

X(”) = [rl]_lA([rl]ul’[Rz:luz) +(1 -
[r]7)hy

WR < u || <R HO< uy || <ry, N

X(“)=[r2}71A(u1,["2]u2)+(1_["2]71)h;

WRn<|u | <R Hr<|ul| <R, N
A(u) =A(u);

WRn<u || <R Hlu| >Ry, W

A(u) =A(u,,[R,]u,) ;

Wy || >Ry HO< [Juy || <7y, W

Z(”) = [rz]ilA([Rl]ul,[rz]uz) +(1 -
I:r2:|_l>h;

WR N u, || >Ry Hr< |lu, || <R, W

A(u) =ACLR, Ju, ,u,) ;

W, || >Ry Ho [ u, || >Ry, W

A(u) =A([R, Ju,,[R, Ju,).

G WARESE), T e Esa ST %4E
col A (K, x) U ihlh, BT BASCR S 4
Schauder Nz S #", fF7E ue K, x K, ffi1d
AGw) =u. FHEIEW ucK, ., 50557,
FRA) =u d1ThA0(i=12), B9 [u, |
>0 H || u, | >0.

WERO< [y || <ry HO< [Juy | <7y, AW
Bmin{[r ][] =0n ], B4

u:X(u) Z[Vl}_1A<[r1:|u1,[rz:|uz> +

(1-[r ] Hn,
ul=[r1}71A1([r1Ju1,[r2]u2) + (1 -
[r ] Dh,.

Hi oy AR
al(”1>>[r1}_lal(Al([rlJula[rz}’h))+
(1_[71]7I>a1(h1>>
[r] e (A (L Juy, [y Juy)),
o ([rJuy) =0r Ja (uy) >a, (A (L1 ]u,,
[ry]uy)).
WHRO< [lu, | <ry Hr<|u, | <R, W
u=A(u) =[r]7"Ar Ju,uy) + (1 -
[rl}_l”’l,
u, =[] A (L Juyuy) +(1=[r, ] )h,.
Hi oy HO TR
011(”1)?[”&71011(A1([r1]u1’u2))+
(1=[r ] Da (k) >
(] e (A (L Jug i),
o (LriJuy) =0r Joy (uy) >a, (A (L1 ]u,,
u,)).
WERO< JJuy || <ry Hflu, || >R,, HBA
wu=A(u) =[r, 17" ACLr Juy  [Ry Juy) +
(1—[1’1]_1)/’1,
u = [’]]71141([’"1]”1,[1?2]”2) + (1 -
[rn ] .
Hi oy HOIMTPERD
al(”1>>[r1}_lal(Al([rlJula[RzJ’h))+
(1—[r1]71)a1(h1)>
[r ] 7 ey (A (L Juy Ry Juy) )
o, ([rJuy) =[r o (u,) >
o (A ([ryJuy [ R Juy ).
WHRr<|lu | <R HO< Ju, || <ry, W
“:X(“) = [V2J71A<u|,[rz}”2) + (1 -
I:rz}_l”’l,
w,=[r,) A (uy [y Juy) +(1=[r,] ")k,
Hi o, AR
0‘2(”2)2[”2}710‘2(A2(u1,[r2]u2))+
(1-[r,] Da,(hy) >
(1] oy (A Cuy, [y Juy)),
o ([rlu) =0r]a,(u,) >
o, (A, (uy [y Juy) ).
WR < u || <R Hlu | >R, B4
u:Z(u) =A(uy, [ Ry ]u,) , il
u, =A, (uy, [RyJu,). TR
o, (A, (u , [RyJuy)) =a, (1t,) >
(R, () =, ([ Ry ]uy).
WR Ny | >R HO< [Juy || <ry, HBA
L‘:X(u)=[r2}_lA([R1}u1,[rz}u2>+



%2 KEMHF: A

A P W R A MR A S R R B ST R 303

(1_["2]_1)11,
u, = I:er_lAz([Rl:lula [ry]u,) + (1 -
I:r2:|_l>h2a
Hi o, B TMIPE
() =[] o (A (LR Juy, [y Juy)) +
(1—[72]_1)a2(h2)>
[rz}_Iaz(Az([Rl]ula[rz]uz)),
o, ([r]u) =[r]o,(u,) >
o, (A (LR, Ju,, [y ]u,)).
WR N u, || >R Hr<|u,| <R,, B2
M=X(l/t) =AC[R Ju,,u,),
M wy = A (LR, Juy yuy) . T3
o (A (LR Juy,uy) ) =ay (uy) >
(R Jay (uy) =, ([Ry Ju,).
R wy | >R Hofluy | >Ry, A4
u=A(u) =AC[R Ju,,[R,]u,),
M w; =A (LR, Juy [ Ry Juy) . T2
o (A (LR Juy [ Ry Juy) ) = () >
[RiJa;(u;) =a;([R]u;) (i=1,2).
EH2 QR ISR L

(R7 =r=a, (A (u))=za(u,),
[ u | =R =0, (A (u)) <a,(u,),
lu, | =r,=a,(A,(u)) <a,(u,),

| u, | =R,=a, (A, (u)) =a,(u,),
/\':F'u_(ul’u2) ek, i, ﬁB/A\AT{K,’RDF'ﬁEZ:

TER jﬂvuze(K2>r2,R2’

([R,] +[r,] _1)u2e(K2>r2,R2,

E?Ljﬂ&A]x :Kr‘RHKl Xsz‘:’

Al (u) =A (u ,([Ry]+[r] -1Duy);
i A, :K, —K, XK, bl
A2(ula([R2:| +|:r2] -Du,)

A0 = R o T -

BIRY uy || =ry B, || ([R] +[r] -1) x
wy || =Ry [luy | =R, B, || ([Ry] +[ry] -
Du, | =r,. FIEF A" = (A7 ,A]) i 2w
LEZEAE, A" FFLEARZ R v = (v,v,) e
K, z-

A u=(u ,u) Hu =v,,

Uy =(Ry/ | vy |l +1/ vy || =1)vs,

S0 u=(uy,u,) €K, J& A BKIADIA.

EE3 R TR

(RZW =r=ao (A (1)) <o (u,),

[u, | =R =, (A (1)) =0, (u,),

lu, | =r,=0,(A,(u)) =a,(u,),

[ u, | =Ry =0, (A, (1)) <a,(uy),
Hu=(u,u,) ek, z, A ATEK, 7
TEANGI A
B BN Yu e(K,\), &
(IR ] +[r]-Du e(K), s>
FRART A K, o —K, XK, N
AR ) + [ ] =-Duy,uy)

A** u) = H
() (R +[r] -1
Al Azm ZKr,R_’Kl x K, H

A" (u) =A, (([R ]+

BR[| =r, B, (LR ] +[r ] -1) x
wll =Ry; M lu | =R B, (LR ] +[r ] -
Du, || =r. HEETA™ = (A7 A7) EE
B RZME, AT FFAEARG R v = (v, ,0,) €
K, ;.

Lou=(uy ) Ny =v,,

wy=(R/ v | +n/ v [ =1D)wy,

S0 u=(uu,) €K, g7t A KIABIA.

X4 QR PR

]l =Du ,u,).

(RZ —r1=>a1(A (u)) < 0‘1(”)
| u, | =R =0, (A (u))=a,(u,),
| u, | =r,=a,(A,(u)) <a,(u,),

| uy | =R, =0, (Ay(u)) =0, (uy),
Hu=(u,u,) ek, p, B4 ALEK, g PAETEA
Bl

B BN Yu e(K,), &

(IR ] +[r]-Du e(K), &>

Vu,e(K,), z,>

(IR +[rn]-Du,e(K,),x,>

AT A" 1K, K, x K,
A ) =
AR + 0] =Dy ([R] +[r,] =Duy)
(R +(r]-1 ;
n ik A;** ;Kr’R—>K1 x K, K
A (u) =
AR+ 7] =D ([R] +Lr] D)
(RI+[n]-1
AT A = (A A7) iR 1
W, WA AR A v = (1)
K, .

/?\u:<u1,uz)ﬂ‘7

w=(R/ v | +r/ v I =D)wy,
Uy =(Ry/ vy |l +1/ vy || —=D)vs,
0 u=(u ,u,) ek, J& A AT



304

AAKF (B RAFR)

% 36 %

+
4

15

BE=C(G) N N 4RRIC 1] RY thAEs

FM%E G LR ES RS, 4

K

={xe C(G)lx(1) BO,mian(t) =c| x|},
1e Gy

Hrfe>0, G, & GMAR=M T4 BRKREE
R HE, RE L

a(x) =minx(t), Yxek,
1eGy

Tt o 2 K EIERIEF IR Mz K, JF A
a(x) >0, YxeK\{o}.

Sk

(1]

(2]

(3]

(4]

R ARKRMZ R AT [ M. 2 B 3R - AR BHE AR
AR ,2001.

(Guo Da-jun. Nonlinear functional analysis [ M ]. 2nd ed.
Jinan : Shandong Science and Technology Press,2001. )
Precup R. A vector version of Krasnoselskii fixed point
theorem in cones and positive periodic solutions of nonlinear
systems|[ J]. Journal of Fixed Point Theory and Applications,
2007,2(1) ;141 —151.

Avery R, Henderson J, O’ Regan D. Four functionals fixed
point theorem [ J ]. Mathematical and Computer Modelling,
2008,48(7/8) :1081 —1089.

Anderson D R, Zhai C. Positive solutions to semi-positone
second-order three-point problems on time scales[ J]. Applied
Mathematics and Computation ,2010,215(10) ;3713 —3720.
Cabada A, Cid J A. Existence of a non-zero fixed point for
nondecreasing operators via Krasnoselskii > s fixed point

theorem [ J ]. Nonlinear Analysis: Theory, Method &

[10]

[11]

[12]

[13]

Applications 2009 ,71(5/6) :2114 -2118.
PR, BV B . 8T — Bz A HE LN 5 R 48 A 30
SRR RN [T ], Sl e 5 0 £y, 2010,26 (4)
547 -553.

(Fei Xiang-li, Wang Feng,Chen Yun. A cone expansion and
compression fixed point theorem about a new functional and
its applications[ J]. Pure and Applied Mathematics,2010,26
(4):547 -553.)

Han W, Jin Z, Kang S. Existence of positive solutions of
nonlinear m-point BVP for an increasing homeomorphism
and positive homomorphism on time scales [ J]. Journal of
Computational and Applied Mathematics, 2009, 233 (2) .
188 —196.

Sun D D, Zhang G W. Computing the topological degree via
semi-concave functionals [ J ]. Topological Methods in
Nonlinear Analysis,2012,39(1) ;107 - 117.

Wong J S W. Existence of positive solutions for second order
multi-point boundary value problems [ J |. Differential
Equations & Applications 2012 ,4(2) ;197 -219.

Wang F,Zhang F, Yu Y. Existence of positive solutions of
Neumann boundary value problem via a convex functional
compression-expansion fixed point theorem[ J]. Fixed Point
Theory,2010,11(2) :395 —400.

Zhai C. Positive solutions for semi-positone three-point
boundary value problems[ J]. Journal of Computational and
Applied Mathematics,2009,228( 1) ;279 —286.

Zhang H, Sun J. Existence of positive solution to singular
systems of second-order four-point BVPs [ J |. Journal of
Applied Mathematics and Computation, 2009, 29 (1/2):
325 -339.

Zhang G W, Sun J X. A generalization of the cone expansion
and compression fixed point theorem and applications [ J ].
Nonlinear Analysis; Theory, Method & Applications , 2007 , 67
(2):579 -586.

H SO0 00000000000 00000000 0000000000 00000000000

(L% 287 W)

(4]

[5]

(7]

BRIV TN, XA, A B T T 00 S AR A T P
W CHMEREFELT]. A A 155 TR R, 2005, 24
(3):371 -376.

(Cai Mei-feng, Wang Peng,Zhao Kui,et al. Fuzzy C-means
cluster analysis based genetic algorithm for automatic
identification of joint sets [ J |. Chinese Journal of Rock
Mechanics and Engineering ,2005,24(3) ;371 -376. )
FEWE, T S0, SR S R BEALAS % S i 7 R B %) 43 T
EEELT]. A h2E 5 TR, 2007, 26 (9) : 1809 -
1816.

(Lu Bo, Ding Xiu-li, Wu Ai-qing. Study on method of
orientation data partitioning of randomly distributed
discontinuities of rocks [ J]. Chinese Journal of Rock
Mechanics and Engineering ,2007 ,26(9) ;1809 - 1816. )
Bezdek J C, Ehrlich R, Full W. FCM; the fuzzy C-means
clustering algorithm[ J |. Computers & Geosciences, 1984 ,10
(2):191 -203.

Yang X S. Nature-inspired metaheuristic algorithms [ M ].

[10]

(1]

[12]

Beckington ; Luniver Press,2008:79 -90.

KA, MR . —FioBT B A O A T RE DAL B0k mit
BT BN T ,2011,28(9) 13295 -3297.

(Liu Chang-ping, Ye Chun-ming. Novel bioinspired swarm
intelligence optimization algorithm; firefly algorithm [ J].
Application Research of Computers,?2011,28 (9):3295 -
3297.)

Yang X S. Stochastic algorithms: foundations and applications
[M]. Berlin; Springer-Heidelberg ,2009 ;169 - 178.

Yang X S. Firefly algorithm, stochastic test functions and
design optimisation| J ] . International Journal of Bio-Inspired
Computation ,2010,2(2) ;78 —84.

Horng M H. Vector quantization using the firefly algorithm
for image compression[ J]. Expert Systems with Applications,
2012,39(1) ;1078 —1091.

Xu L M,Chen J P, Wang Q, et al. Fuzzy C-means cluster
analysis based on mutative scale chaos optimization algorithm
for the grouping of discontinuity sets [ J]. Rock Mechanics

and Rock Engineering ,2013 ,46(1) ;189 —198.



