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Abstract. In the present paper we introduce and study some generalized difference
sequence spaces of invariant means defined by ideal and a sequence of modulus functions
over n-normed space. We study some topological properties and prove some inclusion
results between these spaces. Further, we also study some results on statistical conver-
gence.
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1. Introduction and preliminaries

Let o be the mapping of the set of positive integers into itself. A continuous
linear functional ¢ on I, is said to be an invariant mean or o-mean (c.f. [5],
[34], [35]) if and only if

1. ¢(x) > 0 when the sequence x = (xj) has z; > 0, for all k,

*. Corresponding author
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2. ¢(e) =1, where e = (1,1,1,---) and
3. 9(Tor)) = ¢(x), for all x € lo.
If v = (zy,), write Tz = Tz, = (T4(y)). It can be shown in [41] that

Vo = {x €l lilgntkn(x) =1, uniformlyin n, | =0 — limx},

where
_ Tn T Toip e Tk,

th (@) k+1
In the case o is the translation mapping n — n + 1, o-mean is often called a
Banach limit and V,, the set of bounded sequences all of whose invariant means
are equal, is the set of almost convergent sequences [24] (also see [27]). By using
the concept of invariant means Mursaleen et al. [36] introduced the following

sequence spaces:

- . .
Wy = {x : nh_)rrolo e kz_otkm(aﬁk —1) — 0, uniformally in m},

[w]e = {a: : lim Z |tk,, (xx — )] = 0, uniformally in m},
k=0

n—oon + 1 —

: 1 = . .
[we]| = {:1; : nh_)rrgo 1 kz_otkm(b:k —1|) = 0, uniformally in m},

and investigate some of its properties.

The notion of statistical convergence has been introduced by Fast [11] in
1951 and later developed by Fridy [12], Saldt [40], Mohiuddine and Belen [31]
and many others. Furthermore, Kostyrko et al. [21] presented a very interesting
generalization of statistical convergence called as I-convergence. The detailed
history and development in this regard can be found by Connor [6], Maddox
[25] and many others.

By a lacunary sequence 0 = (k,) where kg = 0, we shall mean an increasing
sequence of non-negative integers with k, — k,_1 — oo as 7 — co. The intervals
determined by 6 will be denoted by I, = (k,_1,k.]. We write h, = k, — k,_1.
The ratio % will be denoted by ¢,.. The space of lacunary strongly convergent
sequence was defined by Freedman et al. [15] as follows:

Ny = {ac = (xp) : rlggo}in Z |z, — L| =0 for some L}.
kel

Fridy and Orhan [13] generalized the concept of statistical convergence by using
lacunary sequence which is called lacunary statistical convergence. Further,
lacunary sequences have been studied by Fridy and Orhan [14]. Quite recently,
Karakaya [22] combined the approach of lacunary sequence with invariant means
and introduced the notion of strong o—lacunary statistically convergence as
follows:
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Definition 1.1. [22] Let § = (k,) be a lacunary sequence. A sequence = = (zy)
is said to be lacunary strong o lacunary statistically convergent if for every
e >0,

1
lim h—{k‘ €I, : |tg, (x — L)| > e} =0 uniformaly in m

r—00 r

where Sty denotes the set of all lacunary strong o—lacunary statistically con-
vergent sequences.

Let N be a non empty set. Then a family of sets I C 2V (Power set of N)
is said to be an ideal if [ is additivei.e A, Bel=AUBeland Ael,BC
A = B € I. A non empty family of sets £(I) C 2V is said to be filter on N
if and only if ® ¢ £(I) for A,B € £(I) we have AN B € £(I) and for each
A€ £(I) and A C B implies B € £(I). An ideal I C 2" is called non trivial
if 7 # 2N, A non trivial ideal I C 2" is called admissible if {{z} : z € N} C I.
A non-trivial ideal is maximal if there cannot exist any non trivial ideal J # I
containing I as a subset. For each ideal I, there exist a filter £(I) corresponding
tolie £(I) ={K CN: K°¢e I}, where K¢ =N\ K. Recently, Das et al. [7]
unified the idea of lacunary statistical convergence with ideal convergence and
presented the following interesting generalization of statistical convergence.

Definition 1.2. [7] Let # = (k,) be a lacunary sequence. A sequence x = (zy,)
is said to be I—lacunary statistical convergent or Sg(I)—convergent to L, if for
every € >0 and § > 0,

1
{TEN:h]{ke]rzxk—L|25}|25}€I.

In this case xp — L(Sp(I)) or Sg(I) —limg_,oo x = L. The set of all I-lacunary
statistically convergent sequences will be denoted by Sp(I).

Definition 1.3. [7] Let 6 = (k,) be a lacunary sequence. A sequence x = (zy,)
is said to be Ng(I)— convergent to L, if for every ¢ > 0 we have

1
{T€N1h2|$k—L\Z€}}€I.

" kel,
In this case x — L(Np(I)).

The concept of 2-normed spaces was initially developed by Géahler [16] in the
mid of 1960’s, while that of n-normed spaces one can see in Misiak [26]. Since
then, many others have studied this concept and obtained various results, see
Gunawan ([17],[18]) and Gunawan and Mashadi [19]. Let n € N and X be a
linear space over the field R of reals of dimension d, where d > n > 2. A real
valued function |[|-,--- ,-|| on X" satisfying the following four conditions:

1. ||x1, e, -+ ,xy|| = 0 if and only if 1, x9,- - ,x, are linearly dependent in
X;
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2. ||z1, 29, , 2y is invariant under permutation;
3. |laxy, 2, 0|l = |af ||z1,22, -, 2y for any a € R, and
4. ||lx+ ' xe, - xn|| <z xe, - xn|| + |2 22,0 |
is called a n-norm on X, and the pair (X, ||-,--- ,||) is called a n-normed space

over the field R.
For example, we may take X = R" being equipped with the Euclidean

n-norm ||z1, 22, -+ ,ZTy||p = the volume of the n-dimensional parallelopiped
spanned by the vectors xi,zs, -+ ,z, which may be given explicitly by the
formula
Hxlvx% t 7$TL||E = | det($ij)|’
where x; = (241, %42, - ,Tin) € R™ for each i = 1,2,--- ,n. Let (X, |-, -,
be a n-normed space of dimension d > n > 2 and {aj,az, - ,a,} be linearly
independent set in X. Then the following function ||, ,||oc on X"~ ! defined
by
||.’131,.'172, o an—lHoo - ma.X{H.’L'l, T2y " 3 Tn—1, alH 1= 17 27 e 7n}

defines an (n — 1)-norm on X with respect to {aj, a2, - ,a,}.

A sequence (xj) in a n-normed space (X, |[|,---,-||) is said to converge to

some L € X if

lim ||xzg — L, 21, - ,2p—1]| =0 for every z1,---,z,-1 € X.
k—o0

A sequence (zy) in a n-normed space (X, ||-,--- ,||) is said to be Cauchy if
m ||z —2zp, 21, - ,2n—1|| =0 for every z1,---, 2,1 € X.

)

If every Cauchy sequence in X converges to some L € X, then X is said to be
complete with respect to the n-norm. Any complete n-normed space is said to
be n-Banach space.

Definition 1.4. Let I C 2V, A sequence x = (x}) in a n-normed space

(X, ]|+ ,-|]) is said to be I-convergent to a number L if for every e > 0, the
set A(e) = {k € N : ||lax — L,21,-- ,2n-1| > €} € I. In this case we write
I —limy oo ||zk, 21, -+ 5 2n—1]] = | Ly 215+ 5 2Zn—1]|-

Definition 1.5. A sequence x = (z) in a n-normed space (X, |[|-,---,-||) is
said to be statistical convergent to some L € X if for each € > 0, the set
A(e) ={k € N: [lop — L, 21, -+, 2p—1]| > €} having its natural density zero.

The notion of difference sequence spaces was introduced by Kizmaz [20] who
studied the difference sequence spaces loo(A), ¢(A) and c¢o(A). The notion was
further generalized by Et. and Colak [9] by introducing the spaces [ (A"),
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c(A™) and ¢o(A™). Let w be the space of all complex or real sequences x = (zy,)
and let m, v be non-negative integers, then for Z = [, ¢, cg we have sequence
spaces Z(AT) = {x = (zx) € w : (Al'zg) € Z}, where A"z = (Al'zy) =
(A™ 1y, — Ay ) and A%z, = 2y, for all k € N, which is equivalent to the
following binomial representation

m
Al = ls<m>xk vs-
v Sz:(:)( ) s +
Taking v = 1, we get the spaces which were introduced and studied by Et. and
Colak [9]. Taking m = v = 1, we get the spaces which were studied by Kizmaz
[20]. For more details about sequence spaces (see [23, 32, 33, 36, 37, 39]) and
reference therein.

A modulus function is a function f : [0,00) — [0, 00) such that

1. f(z) =0if and only if z =0,

2. fz+y) < f(@) + F(y), for all 2,y > 0,

3. f is increasing,

4. f is continuous from the right at 0.

It follows that f must be continuous everywhere on [0,00). The modulus
function may be bounded or unbounded. For example, if we take f(z) = 77,
then f(x) is bounded. If f(z) = 2P,0 < p < 1 then the modulus function f(z)
is unbounded. Subsequently, modulus function has been discussed in ([2], [38])
and references therein.

Lemma 1.6. Let F = (f) be a sequence of modulus functions and 0 < § < 1.
Then for each x > ¢ we have fi(z) < m.

Let F = (fx) be a sequence of modulus functions, (X, |-,---,-||) be a n-
normed space, p = (px) be a bounded sequence of strictly positive real numbers
and u = (ug) be any sequence of positive real numbers. By S(n — X) we denote
the space of all sequences defined over (X, ||-,---,-]|). In this paper we define
the following sequence spaces:

Wl | F, Lups [l ol (A7)

= {aeS(n—x): {reN:hlr kz; ” [fk@W,zl, )]z e
for some p > 0}, v

wo [ FoLu,p, - ol (AT)

= [weS(n-x):{ren: hlkez; " [fk(HM;k_l),zl, )" 2eber,

for some [ and p > O,}
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and
W |[Fo Ll (A7)
- {xES(n—X): 1K >0,
{réNzhi Z g [fk(Htk"(Ap”mxk),zl, . ,zn,1||>}pk2K}€I, for some p > 0},
" kel

uniformly in n.
If we take F(x) = x, we get the spaces

Wl |Lup, [l (A7)
- {a:eS(n . X):{reN : hl ZI: g [(\\W,zl, S ,zn_lu)]p’“zg}ef,
for some p > 0}, -
wy [Lup, [l ] (AT
= [weS(n - X):{reNzhlr kz; wh [(HW;’“”,% )| ze e,
for some [ and p>o,} -
and
Wi |Lup, ool (A7)
:{a:ES(n—X): EIK>O,{T€N:hiZuk'

" kel,

. [(‘|W721,... ,zn_lHﬂpk > K} € I, for some p > 0}.

If we take p = (pr) = 1, we get the spaces
wcor |:F7]7u7 ”a o 7||:|6(A”Um)

:{:UES(n—X):{TGN:hiZuk-

" kel
. [fk<||tl~cn(AprUk)721’“' ,%—1“)} 25} € I, for some ,0>0},
wo [ F Lol ol (A7)
:{meS(n—X):{reN:hizuk'

" kel,

: [fk<||1Wfk_l),zl,--- ,zn,1||)} 26} € I,for some [ and ,0>0,}
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and

wgo[fr[au?H'v'” 7||i|0(A'Um)
:{xGS(n—X): 3K>O,{T€N:%Zuk-
" kel

: [fk(\w,zl,--- 7Zn—1H>] EK} € 1, for some p>()}.

The following inequality will be used throughout the paper. If 0 < pr, < suppr =
H, K = max(1,2771) then

(1.1) lak, + bg|P* < D{|ag["* + [bg[P*}

for all k and ag, by € R. Also |aP* < max(1,|a|?), for all @ € R.

The main aim of the present paper is to study some topological properties and
prove some inclusion relations between above defined sequence spaces.

2. Main results

Theorem 2.1. Let F=(fi) be a sequence of modulus functions, p=(py) be a
bounded sequence of strictly positive real numbers and u=(uy) be any sequence of
positive real numbers. Then the classes of sequences wO[F, I, u,p, |-, ,-||Jo(A™T),
U)U[./—", I, u,p, H? B H]9(A17)n) and wgo[]:’ I u,p, H7 T H]G(AT) are linear spaces
over the real field R.

Proof. We shall prove the assertion for wl[F, I, u,p, |-, -- ,-||]]o(A™) only and
the others can be proved similarly.
Let v = (:Ek)a Yy = (yk) € W8[f,l,u,p, Hv 7”]9(AT) and o, € R.

Then there exist positive real numbers p; and ps such that for every € > 0 and
Z1,+ ,2n—1 € X, we have

)= frem b D ula(GE s

" kel, 1

Do ™
——

Be(%) = {r eN: hi Z U {fk<Htkn(ifzyk)jzh,” ,zn_luﬂpk

" kel

v
N ™
—
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belongs to I. Let p3 = max(2|alp1,2|8|p2). Since ||-,---,-|| is a n-norm on X
and fi’s are modulus functions so by using inequality (1.1), we have

- ZW[fk(Htk (AT xE + BAT L) o 7Zn—1”):|pk

kel, P3

o (a2 )]
3 [fk(wmM A

kel,
[ ( M72b... 7%71”)}7”“

1

hf Z P1

1 H(Avmyk) Pk

]TZ |: ( Tazlv'” a2n71||):| .

kel,
For given € > 0 and for all z1,--- , 2,-1 € X, we have the following containment
1 tr, (A xy, + BAY Pk
TGN*ZUk[fk(H kn( i /8 yk)azla"'azn—lu)} ZE

h kel, p3

Am
C {T cN: ;;‘Uk[fk(”wvzh”' ,zn_lﬂﬂpk > 2;}

frems S ulp )]s 5]

" kel

By using the property of an ideal the set on the left hand side in the above
expression belongs to I. Thus, az + By € wO[F, L,u,p, |-, - ,-|[]o(A™). This
completes the proof. O

Theorem 2.2. Let p = (px) be a bounded sequence of strictly positive real
numbers and u = (ug) be a sequence of positive real numbers. Then for m > 1,
we have:

(Z) wg[]:, I,u,p, ||7 e 7'||]9(Avm_l) - ’lUg[J—",’lL,p, ||> e 7”]9(A:}n) is strict.

(“) wO’[‘Fv I,uapv ||7 e v'H]Q(AT_l) C wO’[]:7uvpv ”7 e a\HG(AT) is strict.

(Z”) woO_O[f7 I, u,p, H? e 7'||]9(Avm_1) - wgo[f,u7p, ”7 e 7”]9(Avm) is strict.
Proof. We shall prove the result for wQ[F, I,u,p, |-, -+ ,-|[]o(A™!) only. The
others can be proved similarly. Suppose x € wl[F, I, u,p, |-, ,-[|Jo(A™"1), by
definition for every ¢ > 0 and 21, -- ,2,-1 € X, we have

(2.1) {r eN: hi Z uk[fk(HW,zl, 7zn_1H>]pk > 5} el,

" kel,
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uniformly in n. Since F = (fi) is a sequence of modulus functions, we have the
following inequality:

O S (IR

" kel

< hl?";;h [Uk: [fk(lWﬂh'" vznfl”)}
o [fk(Htkn(ATp_lxk+l),Zl’... ,zn_lu)]rk
bl

DS w5 (1% Az_lmk),zl,... )]

Z
%Z (et ) )]
el,

| /\

3

p

uniformly in n.
Now for given € > 0, we have

{TGN ng[fk( (B’ k) Zl’...7zn1||>:|pk26}

" kel, p

- {r eN: hi Zuk[fk@m’z_lm,zl, ,zn_1H)rk > 2€D}

" kel

m—1
U {r e N: hi Zuk[fk(ﬂtk"(A”

" kel,

uniformly in n.
Both the sets on the right hand side in the above containment belong to

I by (2.1). It follows that x € wl[F,I,u,p,| - ,-||Jo(A™). Clearly the in-
clusion is strict because if we take x = (z3) = k™1 fu(z) = =, pp =
1, w =1, to,(z) = (zp) and § = (2") forall k € N, then z €
wolFyup, [, (o (AF) but @, & wolF, Lup, I [llo

(Ah). O
Theorem 2.3. Let 7' = (f;) and F" = (f})) be two sequences of modulus
functions. If limsup,_, f//((t)) = P > 0, then wl[F u,p, |-, ]e(AT) C

wol 7', L p, [l - [lo (A7)

Proof. Let limsup;_, . f,,((t)) = P, then there exists a positive number K > 0
such that f,(t) > Kf]!(t), for all t > 0. Therefore, for each z1, -+, 2,1 € X,
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we have
1 tkn A T Pk
LS (1B )]
" kel, P
1 tr, (A Pk
> ()"0 g (1225 )]
" kel,
uniformly in n. Then for every € > 0 and 21, -+ ,2,-1 € X, we have following
relationship
1 tr, (AT P
reN:E Y [ (1B )] e
hr kel, p
1 ti, (AT xg Pk
g{T‘EN:hZuk[‘f}é(H(1})7217"'7271—1”)] 25(K)H 3
" kel P
uniformly in n. Therefore, the above containment gives the result. O

Theorem 2.4. Suppose F = (f), F' = (fi.) and F" = (f}!) are sequences of
modulus functions, then

(Z) wa[]:’,l,u?p, ||7 7”]9(AT) - wa[fof,,f,u,p, Hv ’”]Q(AT)

(i) wo[F', L, p, |-+ - [lo(AT) N we [F”, Lu,p, -5+ -[lo(AT) € wolF' +
]:”,I,u,p, Hv )H]@(A'L}m)

Proof. (i) Let = (xx) € we|[F', Lyu,p, |-+ ,-[|]o(AT"), then for every £ > 0

choose 9 € (0, 1) such that fx(t) < e, for all 0 < ¢ < 4, we have

(2.2) Ag—{r EN: hi 3w [fé(HW’Zh . 7%_1H>}pk . 5}617

" kel,

uniformly in n. On the other hand, we have

hi Z g [(fk o f;Q)(HMN,Zh'“ 7Zn_1H>]pk
" kel

1
-1 >

ty, (AMzg—1)
kel Seug[f7 (|| -t

t, (AY'TE — 1 Pi
o (1 EE =D )]
1
o >
r Lt (A —1)
kel &ug[fi (| =—F——

g [(fk: o f1) (H?prk_l), P ’zn71||>i|pk

Py S [ (12 B )]

" kel, P

21y 7Zn—1||)]pk<6

215 ,2n—1])|Pk >0

< (&) + max(1, (2.




SOME GENERALIZED SEQUENCE SPACES OF INVARIANT MEANS... 589

uniformly in n by lemma (1.6). Then for any n > 0,

{r eN: hi Z m [(fk ofé)(“wjzh... 7%_1”)]1% N 77}

" kel,

C {r €N: hi Zuk[f,;<||wp$k_l>,zl,.. ,an1||)}pk N I—(s}’

" kel

3

where K = max(1, (2%(1))1{)
By using (2.2), we obtain x € w,[F o F', I,u,p, |- ,-||]a(AM).
(ii) This part of the theorem proved by using the following inequality

W Zuk[ i+ f (HM;ZL“' 72n—1H>:|pk

kel,
D te, (AT — 1 Pk
< Uk[fé(HM,er“ 7zn_1”>}
" kel p
D te, (ATaxy — 1 Pk
D [ (HM&’... ,ZMH)] ,
" kel
where supy, pr = H and D = max(1,27-1). O

Theorem 2.5. Let F = (fi) be a sequence of modulus functions and p = (pg)
be a bounded sequence of strictly positive real numbers, then

wg[I,u,p, Ha vH]e(Avm) - wa[f>17u?p> Ha >||]9(Avm)

Proof. This can be proved by using the techniques similar to those used in
Theorem 2.4 (i). O

Theorem 2.6. Let F = (fi) be a sequence of modulus functions and p = (py) be

a bounded sequence of strictly positive real numbers, if lim sup,_, L) Q >0,
then

We f7Ia u,p, H7 T 7” Q(AT) C wy [u,p, Ha T H G(A:)n)
Proof. Suppose x = (z1) € wo[F, I, u,p, |-, ,-||]o(AL") and lim sup,_, f’“t(t) =

Q@ > 0, then there exists a constant R > 0 such that fi(¢t) > Rt, for all ¢ > 0.
Thus we have

el Z 0 [fk<||tk(A;’€l)jzh... ,an1||>}pk

kEIr

> (R)Hhi 3 Uk[(||M7217 . 7Zn_1||)}pk’

" kel, P

uniformly in n and for each z1,--- ,z,-1 € X. Which gives the result. O
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Theorem 2.7. If 0 < pp < qi and (g—’;) be bounded, then
wg[}",l, u,q, Ha T ’H]@(AT) C wa[f’ I, u,p, Hv T ’”]Q(Am)

Proof. The proof is easy so omitted. O

3. Statistical convergence

The concept of convergence of a sequence of real numbers had been extended to
statistical convergence by Fast [11] and later studied by many authors. We
refer to the recent work in [1, 3, 4, 8, 28, 29, 30] for some applications of
statistical summability to approximation theorems. Here, we define the no-
tion of Séi v [1, u]-convergence with the help of an ideal and invariant means.
We also made an effort to establish a strong connection between the spaces

A m
SG(,U [Luv H? JH and wg[}",f,u,p, H7 ﬂ'H]G(Av )

Definition 3.1. Let I C P(N) be a non-trivial ideal. A sequence z = (z) € X

is said to be SGAUT [1,u]-convergent to a number [ provided that for every ¢ > 0,
0>0and z, -+ ,2z,-1 € X, the set

1 tr, (AMxy — 1
{r eN: 7 {k‘ €l : uk||w,zl,~- s Zn—1|| > 8}) > 5} el.
T
uniformly in n. In this case, we write SQAUZL [1,u] — limg 00 xg = L.
Let SQAUZL [I,u,]- -+ ,||], denotes the set of all SQAU”m [I, u]-convergent sequences
in X.
Theorem 3.2. Let F = (fi) be a sequence of modulus functions and 0 <
infypr = h < pp < supppr = H < oo. Then we|F,L,u,p, |- ,-||]o(A) C
A
Sp,. Lyl - l)-
Proof. Suppose z = (z) € we[F, I, u,p, |- ,-|[Jo(A') and € > 0 be given.
Then for each z1, -+ ,2,-1 € X, we obtain

1 i, (A xy — 1
P BT RN ) 2

kel
g [fk(Hlmﬁ;Ek_l)’zh . 7Zn&n)}pk

1, 2n—1()>e

I
=
] =

t AMxy —1
KeL & fi (| 2 S0

tk, Az — 1 Pk
+h Z uk:[fk(” ( Up )7'2;17"' 7Zn71||):|
r my
ke]r&fk(”wvzlf"7Zn*1||)<6
1 ti, (AT'xy — 1 Dk
Zhi Z uk[fk(H(vp)vzlv 7ZTL*1||>:|
T ma.
Rel&efi() B ETETD oy )2e

P
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> = U = 3 min((f () (o))

kel kel

tr (AMa, —1
{k el H’W,Zh...7zn_1”2€},

h

| \/

where K = min([fx(e)]", [fx(€)]7). Then for every 6 > 0 and z1,--- , 2,1 € X,
we have

1 th, (A T — 1)
1 ) n > >
{TGN " {ke[r.ukn ; 21, ,zn_lu_g})_(s}
t, (AT — 1) Pk
C {T . ZW[fk( f,zl,"‘ ,Zn—lHﬂ > Ko .
kel
Since xg € wo|F, I, u,p, |-+ ,-[|Jo(Al") so that x € S [I wy [, O

Theorem 3.3. Let F = (f) be a sequence of modulus functions and p = (py) be
a bounded sequence of stmctly posztwe real numbers. If 0 < mfk pr=h <pgp <
supy, py = H < 00 then Sp.° [, ||+, ,-|] C wolF, Lup, |-+ -[[lo(A).

Proof. Using the same technique of ([10], Theorem 3.5), it is easy to prove. [

Theorem 3.4. Let F = (fi) be a bounded sequence of modulus functions and
p = (px) be a bounded sequence of strictly positive real numbers. If 0 < infy p =
h < pr <supypr = H < oo then

AT m
SGJU [Iau7 H’ 7”] :wo'[}—alvuapan'v'” ’H]@(Av)
if and only if F = (fx) is bounded.

Proof. Direct part can be obtained by combining Theorems 3.2. and 3.3. Con-
versely suppose F = (fi) be unbounded defined by fi(k) = k, for all k£ € N.
Let 6 = (2") be a lacunary sequence. We take a fixed set B € I, where I be an
admissible ideal and define x = () as follows

Emtlif r¢ B, 2r 1 <k <277 + [V,
rpr= k™t ifreB, 27 <k <2 4 b,

0, otherwise.

where I, = (271, 27] and h, = 2" — 2"7!. For given ¢ > 0 and for each
Z1, ,2n—1 € X we have,

lim 7‘{1{;6‘[ uk||(AZZ:k_O),z1’-..’zn_1H25}‘<

[Vho]
h — 0,

T‘—>OO
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for all ¢ B, uniformly in n. Hence for 6 > 0, there exists a positive integer r

such that %Hk el : uk||7tk"(AL;zk_0),z1,--- yZn—1|| > 6}} < § for r ¢ B and
r > rg. Now we have
1 tr, (AMx, — 0
{reN: —|{kel,: uku’%(vp“),zl, | > €} > 6}
T
c{BU(1,2,...,70—1)}.
Since I be an admissible ideal.

It follows that SQAU“ [, u]—limg_ o H%’“, 21,y 2p—1|| = Oforeach z1,- -+, z,—1
€ X. On the other hand, if we take p = (pg) = 1, for all £ € N then z; ¢
Wl Fy Lyu,p, ||+, -[|Jo(AlY). This contradicts the fact S(i“ (Lo, |- y0]l] =
WelF, Lyu,p, |-+, ||Jo(AT'), so our supposition is wrong. O
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