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Abstract
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1 Introduction

Gébhler [1, 2] has introduced the concept of linear 2-normed spaces. Then Gihler and
White [3-5] introduced the concept of 2-Banach spaces. In 1999 to 2003, Lewandowska
published a series of papers on 2-normed sets and generalized 2-normed spaces [6, 7].
Recently, Park [8] investigated approximate additive mappings, approximate Jensen map-
pings and approximate quadratic mappings in 2-Banach spaces. We recall and apply the
notions and notes which are given in [8].

Definition 1.1 Let X be a linear space over R with dim X > 1, and let ||, ]| : X x X > R
be a function satisfying the following properties:

(1) [lw,yll = 0 if and only if x, y are linearly dependent;

@) % pll = llysxll;

(3) I ayl = lallxy| for any « € R;

@) llxy+zll < oyl + llx 215
for all x,y,z € X and o € R. Then the function |-, || is called a 2-norm on X and the pair
(X, 11+, -11) is called a linear 2-normed space.

Lemma 1.2 Let (X, ||-,-||) be a linear 2-normed space. If x € X and ||x,y|| =0 forall y € X,
then x = 0.

Remark 1.3 Let (X, ||-,-||) be a linear 2-normed space. One can show that the conditions
(2) and (4) in Definition 1.1 imply that

[, 21l = lly, 21l | < llx =, 2,
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for all x, y,z € X. Hence, the functions x — ||x, y|| are continuous functions of X into R for
each fixed y € X.

Definition 1.4 A sequence {x,} in a linear 2-normed space X is called a Cauchy sequence
if there are two linearly independent points y,z € X such that

lim |jx,—%,,y]=0 and  lim [x, —%,,z2| =0.
m,n— 00 ,n— 00

Definition 1.5 A sequence {x,} in a linear 2-normed space X is called a convergent se-
quence if there is an x € X such that

lim_[lx, —x,y] = 0
n— o0

for all y € X. If {x,} converges to x, write x, — x as n — 00 and call x the limit of {x,}. In

this case, we also write lim,,_, o x,, = .

Lemma 1.6 For a convergent sequence {x,} in a linear 2-normed space X,

lim [l 51 = | lim %,/
n—oQ n—oQ
forally e X.

Definition 1.7 A linear 2-normed space in which every Cauchy sequence is a convergent
sequence is called a 2-Banach space.

Hensel [9] has introduced a normed space which does not have the Archimedean prop-
erty. During the last three decades, the theory of non-Archimedean spaces has gained
the interest of physicists for their research in particular in problems coming from quan-
tum physics, p-adic strings and superstrings [10]. Although many results in the classical
normed space theory have a non-Archimedean counterpart, their proofs are different and
require a rather new kind of intuition [11-14]. One may note that |#| <1 in each valuation
field, every triangle is isosceles and there may be no unit vector in a non-Archimedean
normed space; cf [12]. These facts show that the non-Archimedean framework is of spe-
cial interest.

Definition 1.8 Let K be a field. A valuation mapping on K is a function | - | : K — R such
that for any a, b € K, we have
(i) |a| > 0 and the equality holds if and only if a = 0,
(ii) |abl = |al|b|,
(ili) |a+b| <lal +|b|.

A field endowed with a valuation mapping will be called a valued field. If the condition
(i) in the definition of a valuation mapping is replaced with

(iii) |+ b| < max{lal,|bl},

then the valuation | - | is said to be non-Archimedean. The condition (iii)’ is called the
strict triangle inequality. By (ii), we have [1| = | — 1| = 1. Thus, by induction, it follows
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from (iii)’ that |n| <1 for each integer n. We always assume in addition that | - | is non-
trivial, i.e., there is an ay € K such that |ag| ¢ {0,1}. The most important examples of
non-Archimedean spaces are p-adic numbers.

Example 1.9 Let p be a prime number. For any non-zero rational number a = p"” such
that m and 7z are coprime to the prime number p, define the p-adic absolute value |a|, =
p~". Then | - | is a non-Archimedean norm on Q. The completion of Q with respect to | - |
is denoted by Q, and is called the p-adic number field.

Definition 1.10 Let X be a linear space over a scalar field K with a non-Archimedean
non-trivial valuation | - |. A function || - || : X — R is a non-Archimedean norm (valuation)
if it satisfies the following conditions:

(NA1) |lx|| =0 ifand only if x = 0;

(NA2) |Irx|l = |r|llx]| for all r € K and x € X;

(NA3) the strong triangle inequality (ultrametric); namely, ||x + y|| < max{||x||, ||y]I}

(x,y € X).

Then (X, || - ||) is called a non-Archimedean normed space.

Now, we give the definition of a non-Archimedean 2-normed space which has been
introduced in [15].

Definition 1.11 Let X be a linear space with dim X > 1 over a scalar field K with a non-
Archimedean non-trivial valuation | - |. A function ||-,-|| : X — R is a non-Archimedean
2-norm (valuation) if it satisfies the following conditions:

(NA1) |, | = 0 if and only if &, y are linearly dependent;

(NA2) Iz, yll = Ily, 215

(NA3) lx, oeyll = |||, y|| for any & € K;
(NA4) |lx +y, 2]l < max{|lx, zll, [y, zIl};
forallo e K and x,7,z € X. Then (X, ||-,-]|) is called a non-Archimedean 2-normed space.

It follows from (NA4) that
”xm —xb}/H =< max{”x_Hl —x_/,J/H :l <Jj<m- 1} (Wl > l)’

and so a sequence {x,,} is Cauchy in X if and only if {x,,,1 — x,,} converges to zero in a
non-Archimedean 2-normed space.

The stability problems concerning group homomorphisms were raised by Ulam [16] in
1940 and affirmatively answered for Banach spaces by Hyers [17] in the next year. The
Hyers theorem was generalized by Rassias [18] for linear mappings by considering an un-
bounded Cauchy difference. In 1994, a generalization of the Rassias theorem was obtained
by Gavruta [19] by replacing the unbounded Cauchy difference by a general control func-
tion.

In2003, Radu [20] proposed a new method for obtaining the existence of exact solutions
and error estimations, based on the fixed point alternative (see also [21, 22]).

Let (X,d) be a generalized metric space. An operator T : X — X satisfies a Lipschitz
condition with a Lipschitz constant L if there exists a constant L > 0 such that d(T%, Ty) <
Ld(x,y) for all x,y € X. If the Lipschitz constant L is less than one, then the operator T
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is called a strictly contractive operator. Note that the distinction between the generalized
metric and the usual metric is that the range of the former is permitted to include the
infinity. We recall the following theorem by Margolis and Diaz.

Theorem 1.12 (c¢f [20, 23]) Suppose that we are given a complete generalized metric space
(2,d) and a strictly contractive mapping T : Q@ — Q with the Lipschitz constant L. Then,
for each given x € Q, either

d(T"x, T”‘*lx) =00 forallm=>0

or there exists a natural number my such that
o d(T™x, T"™*x) < 0o for all m > my;
« the sequence {T™x} is convergent to a fixed point y of T;
oy is the unique fixed point of T in A = {y € Q: d(T"x,y) < 00};
o dy,y) < 5d(y, Ty) forall y € A.

Khodaei and Rassias [24] investigated the solution and the Hyers-Ulam stability of an
n-dimensional additive functional equation such that in the special case n = 2,

flax + by) + f(ax — by) = 2af (x) (1.1)

for a,b € Z\{0} with a # +1,£b. They proved that the Cauchy equation is equivalent to
the above equation.
Jun and Kim [25] introduced the following cubic functional equation:

SfQx+y)+f(2x—y) =2f(x +y) + 2f (x — y) + 12f (x), (1.2)

and they established the general solution and the Hyers-Ulam stability for the functional
equation (1.2). They proved that a mapping f between two real vector spaces X and Y is
a solution of (1.2) if and only if there exists a unique mapping C: X x X x X — Y such
that f(x) = C(x, %, x) for all x € X. Moreover, C is symmetric for each fixed one variable and
is additive for fixed two variables. The mapping C is given by C(x,y,2) = i(f x+y+2)+
flx—y—2z)—f(x+y—2z)—f(x -y +2)) forall x,7,z € X. Obviously, the function f(x) = cx®
satisfies the functional equation (1.2), which is called a cubic functional equation. Jun et
al. [26] investigated the solution and the Hyers-Ulam stability for the cubic functional
equation

flax + by) + f(ax — by) = ab* (f(x +9)+f(x —y)) + 2a(a2 - bz)f(x), (1.3)

where a, b € Z\{0} with a # 1, +b.

Lee et al. [27] considered the following functional equation:

F@x+y)+f2x—y) = 4(f(x+y) +fx =) +24f (x) - 6f (). (1.4)

In fact, they proved that a mapping f between two real vector spaces X and Y is a solution
of (1.4) if and only if there exists a unique symmetric bi-quadratic mapping By : X x X — Y
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such that f(x) = By (x,x) for all x. The bi-quadratic mapping B, is given by

Bal) = 55 () + /=) - 0 - 2 0).

Obviously, the function f(x) = ax* satisfies the functional equation (1.4), which is called a
quartic functional equation. Kang [28] investigated the Hyers-Ulam stability problem for
the quartic functional equation

flax +by) + f(ax — by) = azbZ(f(x +9) +flx —y))
+2a? (a2 - bz)f(x) —2b? (a2 - bz)f(y), (1.5)

where a,b € Z\{0} with a # £1, +b.
Recently, Ebadian, Najati and Eshaghi Gordji [29] considered the Hyers-Ulam stability
of the systems of the additive-quartic functional equation

floer +x0,9) =f(x1,9) +f(%2,9),
S0 201+ y2) + £, 291 — y2) = 4f (0, 91 + ¥2) + 4f (%, 51 — ¥2) + 241 (%, 91) — 6f (%, ¥2)

and the quadratic-cubic functional equation

SO0 201+ y2) + £, 291 — y2) = 2f (%, 51 + y2) + 2f (0, 01 — ¥2) + 12f (%, 1),
SOy +y2) +f(x91 — y2) = 2f (%, 91) + 2f (%, 92).

In this paper, we investigate the Hyers-Ulam stability for the system of the additive-
cubic-quartic functional equations

flaxy + bxy,y,2) + fax — bxy, y,2) = 2af (x1, 9, 2),
Say + by, 2) + f (x, ay1 = by», 2)
= ab®(f(x,y1 + y2,2) +f (%, 51 = y2,2))
+2a(a® - B*)f (x,1,2), (1.6)
f,y,az + bzy) + f(x,y,az1 — bzy)
=a’b* (f(x, 9,21 + 22) + f (%, 9,21 — 22))
+2a%(a® - B*)f (x,y,z1) — 2b*(a® — B*)f (x, 9, z2),

where a,b € Z\{0} with a # +1,+b. The function f : R x R x R — R given by f(x,y,z) =
cxy>z* is a solution of (1.6). In particular, letting y = z = x, we get an octic function g : R —
R in one variable given by g(x) := f(x, %, %) = cx®. The proof of the following proposition is
evident, and we omit the details.

Proposition 1.13 Let X and Y be real linear spaces. If a mapping f : X> — Y satisfies (1.6),
then f(Ax, wy,nz) = Aun*f(x, v, 2) for all x,y,z € X and all rational numbers A, j1, 1.

We mention here the papers [30—-35] concerning the Hyers-Ulam stability of the mixed
type functional equations, the Hyers-Ulam stability in non-Archimedean Banach spaces
and the Hyers-Ulam stability by fixed point methods.
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In the rest of this paper, unless otherwise explicitly stated, we will assume that X is a
non-Archimedean normed space and Y is a non-Archimedean 2-Banach space.

2 Approximation of octic mappings

In this section, we investigate the Hyers-Ulam stability problem for the system (1.6) in
non-Archimedean 2-Banach spaces.

Theorem 2.1 Let s € {-1,1} be fixed. Let ¢1, ¢y, ¢3 : X* — [0, 00) be functions such that
D(x,y,2) := ‘% ‘ max{ |a’4s+3|¢1(a%x, O,a%y,a%z) |a’4s|¢2(a%x,a%y, O,a%lz),
|a‘4§_4’¢>3 (a%x,a%y,u%z, O)} (2.1)
forall x,y,z € X and for some 0 < L <1,

d(a’x,a’y,a’z) < L|a85 ‘ D(x,,2)

and
nlifgo‘a_sm ’¢1 (asnxl, QMJCQ,ﬂsny, dan) — 0’
nlin;o|a—8sn|¢2 (asnx’ asnyl’asnyz,dsnz) — 0, (22)
nli)r&|ﬂ_8sn|¢3 (asnx, asny’ dsnzl’asnz2) =0

forall x,y,z,%1,%2,91,y2, 21,22 € X. If f X® > Yisa mapping such that f(x,y,0) = 0 for all
x,y € X and

|f(ax1 + bxs, y,2) + flax: — bxs,y,2) — 2af (1,9, 2), u|| < (%1, %2,9,2), (2.3)
f G, ayy + bya,2) + f(x, ay1 — by, 2) — ab® (f (%, 31 + y2,2) +f (%, 31 = 2, 2))

- 2a(zz2 - bz)f(x,yl,z), u“ < ¢2(x, 91,92, 2), (2.4)
f (.3, az1 + bz2) + f (%, 9, az1 — bzs) — a*b* (f(x, 5,21 + 22) + [ (%, 9,21 — 22))

—2a*(a® - B)f (%, ,21) +2b° (a® = b°)f (3,9, 22), || < B3(%,9,21,22), (2.5)

forallu eY and x,y,z,%1,%2,91,Y2, 21,22 € X, then there exists a unique octic mapping T :
X x X x X — Y satisfying (1.6) and

1

/@52 - Ty < 7 2@ 52 (2.6)

forallueY and x,y,z € X.

Proof Putting x; = 2x and %, = 0 and replacing y, z by 2y, 2z in (2.3), we get

|f (2ax,2y,22) - af (2x,2y,22), u| < |=|$1(2x,0,2y,22) (2.7)

1
2

Page 6 of 12
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forall u € Y and x,7,z € X. Putting y; = 2y and y, = 0 and replacing x, z by 2ax, 2z in (2.4),
we get

|Lf(2ax, 2ay,2z) — a’f(2ax,2y,22),u || <|=|¢$2(2ax,2y,0,2z) (2.8)

1
2

for all u € Y and %,y,z € X. Putting z; = 2z and z; = 0 and replacing x, y by 2ax, 2ay in
(2.5), we get

|V(2ax, 2ay,2az) — a4f (2ax,2ay, 2z),u|| < ‘

1
3 ¢3(2ax,2ay,2z,0) (2.9)

forall u € Y and ,y,z € X. Thus,

Hf(2ax, 2ay,2az) — a’f (2x,2y,22), u H

1 (2.10)
=3 | max{|a’|¢1(2x,0,2y,22), |a*|$2(2ax, 29,0, 22), ¢3(2ax, 2ay, 2z,0) }
forall u € Y and x,y,z € X. Replacing , y and z by 7, 7 and £ in (2.10), we have
|f(ax, ay, az) - a’f (x,y,2), u
1
< 5 ’ max{ |a7 |¢1(x, 0,7,2), |a4 |¢>2(ax,y, 0,2), p3(ax,ay,z, O)} (2.11)
forall u € Y and x,y,z € X. It follows from (2.11) that
1
H ﬂ—8f(ax, ay,az) —f(x,y,2), u
1
= E ‘ max{ |6l_1 |¢l(xr O;J’; Z); d_4 |¢2 (ﬂx,y; 01 Z)l |(’Z_8 |¢3 (ﬂx’ ay,z, O)} (2'12)

and

a a a

1
—‘max{|a7‘¢1<f,0,z,i), a4’¢>2<x,z,0,E>,¢>3<x,y,i,0>} (2.13)
2 a a a a a a

forall u € Y and x,y,z € X. From the inequalities (2.12) and (2.13), it follows that

1
a

ﬂ8f<frz» E) —f(x,2),u

=

—8sf(asx, a‘y, asz) —f(x,y,2),ul| < ®(x,9,2) (2.14)

forallu € Yand x,y,z € X.
Let S be the set of all mappings /#1: X x X x X — Y with hi(x,y,0) = 0 for all x,y € X. And
let us introduce a generalized metric on S as follows:

d(h, k) = inf{a € R* : | h(x,9,2) - k(x,9,2), u| < a®(x,9,2),Yu € Y and %, 5,z € X},
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where, as usual, inf} = +0o. The proof of the fact that (S,d) is a complete generalized
metric space can be found in [21]. Now, we consider the mapping / : S — S defined by

Jh(x,y) = a ¥ h(a’x, a’y, a’z)
forall e Sand x,y,z € X. Let f,g € S such that d(f, g) < €. Then

Vg, 5, 2) - Jf (x,9,2), u|
= || a‘ssg(asx, a’y,a‘’z) — a®f (a’x,a’y,a’z),u ||
= |zz’83| ”g(asx, a‘y, asz) —f(tzsx, a‘y, asz), u||

< |a_85 |€CI>(asx, a‘y, asz) < Le®(x,y,2),
that is, if d(f, g) < €, we have d(Jf,Jg) < Le. This means that

d(f,Jg) = Ld(f,g)

for all f,g € S; that is, ] is a strictly contractive self-mapping on S with the Lipschitz con-
stant L. It follows from (2.14) that

||]f(x»)’»z) _f(x:y:z)ru” 5 CD(x’y’Z)

for all # € Y and «,y,z € X, which implies that d(Jf,f) < 1. Due to Theorem 1.12, there
exists a unique mapping 7 : X x X x X — Y such that T is a fixed point of ], i.e.,
T(a*x,a*y,a’z) = a® T (x,y,z) for all x,y,z € X. Also, d(J”'f, T) — 0 as m — oo, which im-
plies the equality

lim g %"f (as’"x, a™y,a"z) = T(x,y,z)

forallx,y,z € X.
It follows from (2.1), (2.3), (2.4) and (2.5) that
|| T(ax) + bxy,y,z) + T(ax, — bxy, y,z) — 2aT (x1,9,2), uH

= lim |a‘8s”| Hf(as”axl +a”bxy,a™y,a”'z) + f (a” ax) — a”"bxy, a™y,a”"z)
n—00

= 2af (a”x1,a™y,a”'z), u||

< lim |a‘85”|¢1 (asnxl,a”’xz,as"y, a”’z) =0 (2.15)
n—0o0
forallu € Y and xy,%7,y,z € X,

| T(x,ay + by, 2) + T(x,ay1 — bys, z) — ab®(T(x, 51 + 2,2) + T(x,51 — 2, 2))
—2a(a® - b*) T (%, y1,2), u
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- 2a(a2 - bz)f(as"x, a’'y1,a"'z), u ||

1
< lim —q&g(as"x, as"yl,as”yz,a”’z) =0 (2.16)

~ n—o0 8"

forallu € Y and x,y1,y2,z € X,

| Ty, az1 + bzs) + T(x,y,az1 - bz) — a*b*(T(x,,21 + 22) + T(%, 9,21 — 22))
-2a*(a® - b*)T(x,y,21) + 2b% (a® = b*) T (%, y,22), |

= lim |a‘8s”‘ Hf(as”x, a'y,a™az + as"bzz) +f (a”’x, a™y,aazy — as”bzg)

Hn— 00
_ d2b2 (f(as”x, dsny, 61an1 + (lanz) _f(asnx’ asny, asnzl _ ﬂanZ))
-2a*(a® - B )f (a”'x,a™y,a”z1) + 2b*(a® - B*)f (a”'x,a"y,a"'z5), u|
< lim |a’8”‘|¢3 (a”‘x, a™y, a”‘zl,amzz) =0 (2.17)
n— 00
forall u € Y and x, 9,21, 2, € X. It follows from (2.15), (2.16) and (2.17) that T satisfies (1.6),
that is, 7T is octic.

According to the fixed point alternative, since 7 is the unique fixed point of / in the set
Q={geS:d(f,g) <oo}, T is the unique mapping such that

“f(x’y’Z) - T(x,y,z);u” f qD(x’y’Z)

for all u € Y and x,y,z € X. Using the fixed point alternative, we obtain that

1 1
d(f} T) =< ﬁd(f’],f) =< ﬁq)(xryrz)r

for all x,7,z € X, which implies the inequality (2.6). d
Remark 2.2 Let X be anormed space and let Y be a 2-Banach space in Theorem 2.1. Using

the fixed point method, one can show that there exists a unique octic mapping 7: X — Y
satisfying (1.6) and

Hf(x,y, z) - T(x,y, z),u” < - d(x,y,2) (2.18)

forall u € Y and x,y,z € X, and

D(x,y,2) := ‘%‘{|a’4“3|¢1(as21x,0,a321y,a52lz) + ‘a’“‘(pz(a%x,a%y,o,a%z)

s+1 s+1 s—1
+ |a‘4§_4|¢3 (aTx,aTy,aTz, 0)}
for all x,7,z € X. It is easy to see that the approximation in non-Archimedean 2-normed

spaces (inequality (2.6)) is better than the approximation in (Archimedean) 2-normed
spaces (inequality (2.18)).

By the direct method, the following corollary is valid in the (Archimedean) Banach
spaces.

Page 9 of 12
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Corollary 2.3 Let s € {—1,1} be fixed and 0, p be nonnegative real numbers with ps < 8s,

and let X, Y be a normed space and a Banach space, respectively. Suppose that a mapping
f: X3 — Y satisfying f(x,y,0) = 0 and

|f (@xy + bxy, ,2) + f (axy = bxy, ,2) = 2af (31,9, 2) | < O(Il%]” + Il + [¥117 + l12]17),
Hf(x, ayy + byy, z) + f(x,ay, — byy, z) — ab® (fyn +52,2) +f (5,91 — y2,2))
—2a(a® - B)f (%, y1,2) | < O(Ixll” + Inll? + [ly2ll” + [12]17),
|f %, 3, az1 + bza) + f (5,3, az1 — bzs) — a* B> (f (%, 3,21 + 22) +f (%, 9,21 — 22))
-2a*(a® - b*)f (x,p,21) + 207 (a® - b*)f (.5, 20)
<O(II1I” + Iy11” + Iz ll? + N1z 1),

for all x,y,z,%1,%2, 1,2, 21,22 € X. Then there exists a unique octic mapping T : X x X x
X — Y satisfying

If (x,3,2) - T(x,9,2) |
9d4(1—s)

< 5s@ iy (@ +aal +1aP) [l + (@ + @ +1al) Iy + (@ + a* + 1))

forall x,y,z € X.

The following example shows that the previous corollary is not valid in non-Archi-
medean Banach spaces.

Example 2.4 The most important examples of non-Archimedean spaces are p-adic num-
bers. A key property of p-adic numbers is that they do not satisfy the Archimedean axiom:
for all x and y > O, there exists an integer # such that x < ny.

Let p be a prime number. For any nonzero rational number x, there exists a unique inte-
ger r € Z such that x = {p", where a and b are integers not divisible by p. Then |x|, := p™"
defines a non-Archimedean norm on Q. The completion of @ with respect to | - | is de-
noted by Q, and is called the p-adic number field. Note that if p > 3, then |2”|, =1 for
each integer 7.

We consider the following special case of the system (1.6):
f 21 + %2, 9,2) +f (231 = 3,9, 2) = 4f (%1,9,2) | < O (Ilall” + [lo2 1" + [y 1" + [12]7),
f (e 291 + y2,2) + £ (3,291 = y2,2) = 2(F (@, 91 + ¥2,2) +f (% y1 = ¥2,2)) = 12f (%, y1,2)
<O(Ill" + llyall” + lly2ll" + lizl"),
|[f(x,y, 221+ 29) + f(%, 9,221 — 25) — 4(f(x,y, z1+29) +f(%, 9,21 — 22))
- 24f (x,y,21) + 6f (x,7,22) || <O(llll” + Iyll" + llzll” + llz21l").
Let X =Y = Q, for a prime number p > 5 and define f : X3 — Y by f(x1,%0,%3) = X1%0%3.

Then for r =1, 6 = 1 and all x1, %9, y1,¥2, 21,22, %, ¥, 2 # 0 with |x], <1, ||, <1, |z], < 1, we
have

[f(2x1 +%2,9,2) + (2% — %2, 9, 2) —4f(x1,y,z)|p =10], =0 < w1y + [x2lp + ¥y + 12l
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and

|f @, 291+ 92,2) + (6, 201 = 92,2) = 2(f (6,31 + 92,2) +F (6,31 = 92, 2)) = 12f (%, 31, 2)],

=|xzlp - | =10y1p < Iy1lp < [xlp + 1y + 1321 + 12]ps

and

[f (6,3, 221 + 22) + f (%, 9,221 — 22) — 4(f (.3, 21 + 22) +f (%, 7,21 — 22))
- 24]((95,)’,51) + 6f(x)y) ZZ)ip
= |xylp - | — 2421 + 622, < max{| — 24z, 622}

= max{|Zl|p, |22|p} < |xlp + [¥lp + |21lp + |22]p-
But for each natural number 7, we have

’2—Ss(n—1)f(25(n—l)x1, zs(n—l)xz’ Zs(n—l)x?)) _ 2—Ssnf(25nx1, 2"y, 2snx3) ’p

_ |2—Ss(n—1) 2—5sn

X1%0 X3 — X1%9X3 |p

< max{ |2‘5$(”_1)x1x2x3 —on

X1%X2%3 \p} < [x1x2%3] .

P’

Hence, for each xy, %2, %3 # 0, {278 (2%, 2 x,, 27x3)} is not convergent.
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