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Abstract

In this paper, we investigate some double paranormed sequence spaces which are domain of
the double generalized Cesaro matrix R? in some double sequence spaces. We also determined
of a—dual of R, (t) which is the space of double sequences whose R?—transforms are bounded
and examined some linear and topological properties of these sequence spaces.
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1 Introduction

We denote the sets of all real or complex valued double sequences by 2. Consider a sequence
T = (Tmn) € Q. If for every e > 0 there exists ng = ng(e) € N and ! € C such that |2, — | <  for
all m,n > ng then we call that the double sequence z is convergent in the Pringsheim’s sense to
the limit [ and write p —lim x,,,, = I. By C,, we denote the space of all convergent double sequences
in the Pringsheim’s sense. A sequence in the space C, is said to be regularly convergent if it is a
single convergent sequence with respect to each index and denote the set of all such sequences by
Cr.

Throughout the paper t = (t,,,) will denote a double sequence of strictly positive numbers.
The following paranormed sequence space were examined by Goékhan and Colak [3, 4, 5]

My(t) = {(:vmn) €EQ: sup |Tma|'m < 00}7
m,neN
Cp(t) = { Tmn) €Q:AE€C3p— lm |om, - = o},
Cop(t) = { Tmn) € Q:p— hILI |xmn‘t,m, . O}
Cop(t) = Cp(t) N My(t) and Copp(t) := Cop(t) N My ().

When all terms are of ¢t = (£,,,) are constant and all equal to positive number ¢ we have the
spaces M, Cp, Cop, Cpp and Copp, of double sequences of are bounded, convergent in the Pringsheim’s
sense, null in the Pringsheim’s sense, both bounded and convergent in the Pringsheim’s sense and
both bounded and null in the Pringsheim’s sense, respectively. Mdricz [1] proved that Cyy, Cppo, Cr
and C, are Banach spaces with the norm ||.||oc = sup,, ,en [Zmnl-
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Let A denote a four dimensional summability method that maps the complex double sequences
x into the double sequence Az where the mn-th term to Ax as follows:

0o oo
Al‘ mn E E AmnklTkl-

k=0 1=0

The v—summability domain /\E:) of a four dimensional infinite matrix A = (amnk) in a space A
of a double sequences is defined by

)\(:) = {x = (xp1) € Q: Az = (U - Zamnkﬂkl)
kL

Now, we can mention certain studies related to the double sequence spaces. In her PhD thesis,
Zeltser [2] has essentially studied both the theory of topological double sequence spaces and the
theory of summability of double sequences. Mursaleen and Edely [6] have introduced the statistical
convergence and statistical Cauchy for double sequences, and gave the relation between statistically
convergent and strongly Cesaro summable double sequences. Nextly, Mursaleen [7] and Mursaleen
and Edely [8] have defined the almost strong regularity of matrices for double sequences and applied
these matrices to establish a core theorem and introduced the M —core for double sequences and
determined those four dimensional matrices transforming every bounded double sequence x = ()
into one whose core is a subset of the M—core of x. Altay and Basar [9] have defined the spaces
BS,BS(t),CSpy,CS, and BY of double series whose sequence of partial sums are in the spaces
My, My (t),Cp, Cpp, Cpr and L, respectively, and also examined some properties of those sequence
spaces and determined the alpha-duals of the spaces BS, BV, CSy, and the 8(v)—duals of the spaces
CSyp and CS, of double series. More recently, Bagar and Sever [10] have introduced the Banach
space L, of double sequences corresponding to the well-known space ¢, of absolutely ¢g—summable
single sequences and examine some properties of the space £,. Demiriz and Duyar [12] have defined
the spaces M, (A),Cp(A), Cop(A),Cr(A) and L£,(A) of double sequences whose difference transforms
are bounded , convergent in the Pringsheim’s sense, null in the Pringsheim’s sense, both conver-
gent in the Pringsheim’s sense and bounded, regularly convergent and absolutely ¢—summable,
respectivel. Also they have examined some inclusion relations related to these sequence spaces
and determined the alpha-dual of the space M, (A) and the f(v)—dual of the space C,(A) and
characterized the some matrix classes.

Let (qx), (s1) be sequences of non-negative numbers which are not all zero and

exists and is in /\}. (1)

m,neN

Qm:qu; g >0  and Sn:ZSU 50 > 0. (2)
=0

Then the four-dimensional generalized Cesaro or Riesz matrix R? = (r? ) is defined by

qkSi
)
q . QmSn
Tnkl *=

0 , otherwise
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for all m,n,k,l € N [15]. In the present paper, we assume that the terms of the double sequences
2 = (Tpmn) and y = (Ymn) are connected with the relation

Z Z Ak SIT L (3)

k=0 1=0

Ym (Rq mn

QmS

for all m,n € N which is called the Riesz transform of = (2,,,). If we take g = t; = 1 for all
ke€{0,1,..m} and l € {0,1,...n} then we obtain the four-dimensional Cesaro matrix C' = (Cpmnki)
of order one is defined by

Cmnkl *=

0 , otherwise

for all m,n,k,l € N. The Cesaro transform of a double sequence x = (z,,,) is defined by

o= G @

10]0

for all m,n € N. . _

Mursaleen and Bagar [11] have defined the spaces My, Cp, Cop, Cop, Cr and L, of double
sequences whose Cesaro mean transforms are bounded , convergent in the Pringsheim’s sense,
null in the Pringsheim’s sense, both convergent in the Pringsheim’s sense and bounded, regularly
convergent and Cesaro absolutely g—summable, respectively, that is,

M _ B Q-
M= {wen: oo o| <<

_ 1 m n

C, = {(JZZ“)EQZHZE(CBP— lim ——— xil—l‘:()},
p J m,n— o0 (m+1)(n+1) ;0; J

Cop = G)EQ:p— lim —m ——— yl=0%,

op {(xj) R eS| Y ;Jz::ozy }

L, = {x” 1 ZZx oo}

Furthermore, they have studied some topological properties of these spaces and characterized
some matrix classes.
Recently, Demiriz and Duyar [13] have defined and studied the double paranormed Cesaro
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sequence spaces ./\/l t),C ( ), Cop( ) and £, (t), that is,

(m+1—n+lzzx”

HL’IL
< oo},
=0 j5=0

m,r.L—mo‘(erl nJrl sz”

ﬂu(t) = {xmn sup

mmEN

(Zmn) €Q:31€C3p— lim

'qu
=
li
r—’_«

and the spaces Cy,(t) and C,.(t) the sets of all the paranormed Cesaro convergent and bounded,
and the paranormed Cesaro regularly convergent double sequences. When all terms of (t,,,) are
constant and all are equal to ¢ > 0, then we obtain M, (t) = Mo, L, (t) = £ and when all terms
of (tmn), excluding the first finite number of m and n, are constant and all are equal to ¢ > 0, then
we obtain C, (¢ t) = Cp and Cop(t) = Cop, see [11]. One can easily see that the spaces M. (1), Cy(2),
Cop( ), Cp(1), Cbp( ) and L, (t) are the domain of the double Cesaro matrix C' in the spaces M (t),
Cp(t), Cop(t), Cr(t), Cop(t) and L, (t), respectively.

2 Some new paranormed spaces of double sequences

In the present section, we introduce the new double paranormed Riesz sequence spaces R, (t),
R, (t), Rop(t), R*(t) and we give some topological and algebraical properties of these spaces. We
define the new double paranormed Riesz sequence spaces R, (t), R,(t), Rop(t), R (t) as following,

m n t?nn
Ru0) = { () €0 sup >3 o] < =},
m,neN Qm n

m n tmn
Rp(t) = {(xmn) eQ:3leC Bp—mlrilrgoo Qm - Zquslaﬁkl —1 = 0},

k= Ol 0
Rop(t) = {(Imn) €eQ:ip— ml?}goo ZZQHMM = 0},

’ " k=0 1=0
m n mn
RE(@) = { o) 5 2w <oo).
Sn k=0 1=0

Also, by Rip(t) and R,(t), we denote the sets of all the paranormed Riesz convergent and bounded,
and the paranormed Riesz regularly convergent double sequences. Actually we can redefine the new
sequence spaces R (t), Rp(t), Rop(t), R*(t), Rep(t) and R, (t) are the domain of the double Riesz
matrix R in the spaces M, (t), Cp(t), Cop(t), Lu(t), Cop(t) and C,(t), respectively. In addition, when
all terms of (¢,,,) are constant and all are equal to ¢ > 0, then we obtain R, (t) = R (M.,), R*(t) =
R¥(L,) and when all terms of (t,,), excluding the first finite number of m and n, are constant
and all are equal to ¢ > 0, then we obtain R, (t) = R9(C,) and Ro,(t) = R (Cop), see [14].
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Theorem 2.1. The space R,(t) is a linear space if and only if H = sup,, ,, tyn < 00.

Proof. First we deal with the sufficiency. Take z,y € R, (¢) firstly, and suppose that H < oo
and M = max{1, H}. Then, there exist some K, and K, such that

m n m n
ZZ%SZIM ZZ%SWM

S,
QumSn k=0 1=0 k=0 1=0

tmn

M
<K,

tmn

< KM and

QmSn

for all m,n € N. Since t,,,/M < 1 for all m,n € N, one can see that

0 1S Z Z Ak S1T kL

" k=01=0

+ ‘ 0.5 Z Z QK S1Yki
m~n

k=0 1=0
K, +K,.

n

Z Z Qs (TrL + Yr)

k=0 1=0

tonn /M tonn /M

IN

Q'HL n

tinn /M

IN

Hence we have that = +y € R, (¢).
Secondly, take x € R, (t) and A € C. Then since the inequality

Al < max{1, |A[M}

holds for all m,n € N, it is easily obtain that

m n
D> aesiden

" k=0 1=0

n

m
E E qkSi1Tkl
k: =

m n

§ § Gk S1Tkl

™ k=0 1=0

tmn tmn

= W5

tmn

IN

max{1, \)\|M}

which is show that Az € R, (¢).

Now consider the necessity. Suppose that R, (t) be a linear space but H = sup,, ,, tyn = oc.
Then, there exist the sequences (m(¢)) and (n(j)), one of them is strictly increasing and the other
one is non-decreasing, such that

tn(i)n(j) >0+ J (5)

for all positive integers i, j. Now, we consider the sequence
o0 o0 1
- Z Z Zpm(in(3)
e L~ )
=0 j=0

where b™" = (b}}");; defined by
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) t=m, J=n,
dmSn
S,
—Qm", t=m-+1, j=mn,
qm+18n
bii" = _Qm&7 i=m, j=n+1, (6)
dmSn+1
S,
M, t=m+1, j=n+1,
dm+1Sn+1
0, otherwise
for all m,n € N. Then, we have the sequence y = (Ymn) where
> (i) )
1 m n -, m=m(tr), n=ny}),
Ymn = 3—q Z ZQisjfEij = 2
Qmsn i—0 i—0 .
== 0, otherwise
for all m,n € N. Therefore, it follows by (5) that
SUP [Ymn | = SUD [y (i) n(y) O
m,neN i,jEN

= sup 27tmOnm
i,jEN

N =

< sup 2777 <
i,7JEN

Hence, x € R, (t) but it is clearly that 42 ¢ R, (t) which contradicts the fact that R, (t) is a linear
space. Therefore, we have that H < oo.
Theorem 2.2. R;,(t) and R*(t) are linear spaces if and only if H = SUD,, p, tmn < 00.

Proof. The proof of this Theorem is similar to Theorem 2.1. So, we omit the detail.
Theorem 2.3. The space R, (t) is a linear space if and only if 7' = limy 00 SUP,;, >N tmn < 00.

Proof. Take z,y € R,(t) and suppose that 7' < co. Then there exists some complex numbers
Ll, L2 such that

1 m n tmn
p— lim gis;i; — L =0
and m n t
. 1 mn
U D D) SRS

i=0 j=0
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also there exists a 7 > 0 such that ¢,,, < 7 for all sufficiently large m,n. Then, consider the
following inequality

1 m n tn /T 1 m. o n tmn /T
0 S quz'sj(xzj +yij) — (L1 + L2) < 0 ZZQiSinj - Iy
M= =0 j=0 mEN -0 j=0
n toan /T
+ Q quﬁj%j -
MmN -0 j=0

we have that  +y € R,(t). Furthermore, let v € C and x € R,(¢). Then, by the inequality

n tmn m n tmn
Q § § qiSjVTij — ’YLl § § qiSjTi5 —
M =0 j=0 1=0 j=0

we obtain vz € R, (t).

Conversely, let R,(t) be a linear space and suppose that 7' = co. Then, there exists a strictly
increasing sequence (N(i,7)) of positive integers such that tp,ng) >i+j forallijeN |
where m(i),n(j) > N(4,j) > 1. So, we consider the sequence

- Zpm(@n(d)
Tm 25
=0 j=0
Then, it is clear that = (z,,,,) € R,(t) but since

m(i) n(j)

ymzn 4(]151'2
| (4) (J)| ‘Q )+1S ZZ jLij

zO]O

7n(i),n(j> i+7
= 9tm(i)n() > 9i+]

4z ¢ R,(t). Hence T must be finite.
Theorem 2.4. The space Rop(t) is a linear space if and only if 7' = limy e SUP,;, > n trmn < 0.
Proof. The proof of this Theorem is similar to Theorem 2.3. So, we omit the detail.

Theorem 2.5. Let H = sup,, ,, tmn and M = max{1, H}. Then, the space R,(t) is a complete
paranormed space with g defined by

tonn /M

g(z) = sup
m,neN

Z Z qiS;jTij

nzOgO

if and only if h = inf,, ,, tpn > 0.

Proof. Suppose that R, (t) be a paranormed space with the paranorm g but h = 0. Consider
the sequence (xl) = (zi;) C Ru(t) (I € N) defined by z;; = 1 for all 7,5 € N and the sequence
v =(v)=(1/(1+1)) of scalars such that

vy —0 as [ — oo and ZZqu]x”—l
aniOJO
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for all m,n € N. Since

tmn /M

= sup |y ['/M =1,

g(ma') = sup
m,neN

Qm ZZ%SJ'YZI'U

™ =0 j=0

we obtain a contradiction with g(y;2') — 0 as | — oco. Therefore, h > 0.

Conversely, let h > 0. It is trivial that g(0) = 0 and g(—z) = g(x) for all x € R, (¢). Also, it is
clear that g(z +y) < g(z) + g(y) for all z,y € R, (¢).

Moreover, let (x') be any sequence in R, (t) such that g(z! — x) — 0 (I — o0) and (y;) also be
any sequence of scalars such that 7, — v (I — 00). Then, there exists a positive real number K
such that |y;| < K for all [ € N. Thus, we have

tomn /M
glya' —yx) = sup quzsg (nly — vij)
m,neN Qm n 0 j=0
m n tmn /M
ST (G o 0 YDA w9 ot
m,neN Qm n . =0 j=0 Q Sn i—0 =0
1=
1 25711,71,/]\4
(] o)
moneN |7 7| Qmsn ;JZ@ 197
< Ky —z)+[n = Mg(a),

Therefore, we obtain that g(y,z! —~yz) — 0 as | — co. So, we show that (R, (t),g) is a paranormed
space.

For the proof of completeness of the space (R, (t), g) suppose that (") be any Cauchy sequence
in the space R, (t). Then, for a given ¢ > 0, there exists a positive integer N = N(e) such that

tomn /M
g(xrfxs) = Sup ZZ%SJ zy) <e
m,neN n i=0 j—=0
for all r,s > N. So, we have that
1 m n tmn /M
G5 2 D Gsih ZZ% 73
MM =0 j=0 i=0 j=0
n trn /M
< sup Q ZZwﬁ% ZZ% zy; <e,
MET =0 j=0 Qm S i=0 j=0
which shows that
m n
G I
m "z’ 0 j=0 reN

is a Cauchy sequence of complex numbers. Then, this sequence converges from completeness of C,

say
1 m n
QmSy, quisjﬂj qulsi Lij

i=0 j=0 i=0 j=0

tmn /M
—0 as r— oo.
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We now show that x € R, (¢). Since (z") is a Cauchy sequence in the space M., (t), there exists a
positive numbers K such that g(z") < K. Also, if we consider the following inequality

1 m n tmn /M
glx = sup | —~———=— qiSjTij
( ) m,neN Qms’ﬂ ;JZZ:O B
1 m n 1 m n tinn /M
< g(@")+ sup 722%‘83‘%—722%53‘%%
moneN | QmSn 5 Qmdn ==

then we have that by passing to limit as r» — oo,
g(x) <K +e¢
which leads us to the fact that x € R, (t).

Theorem 2.6. Let N1 = min{ng : sup,,, >, [Ymnl""" < 00}, Na = min{ng : sup,, ,>,, tmn < 00}
and N = max{Ny, No}. Then, the spaces R,(t) and Ro,(t) is a complete paranormed spaces with
the paranorm g defined by

1 m n
g(x) = lim sup quisjmij

N—roo m,n>N QmSn i=0 =0

tmn/M

if and only if 4 > 0, where p = imy_,o0 Infyy >N tmpn and M = max{L, SUD, 1> N tmn }-

Proof. The proof of this Theorem is similar to the proof of Theorem 2.5. So, we omit the
detail.

Theorem 2.7. The space R*(t) is a complete paranormed space with the paranorm g defined by

oo 1 m n tmn 1/ M
g(ff)—[ > 0.5 SO aqisjai ]
m,n=1 MmN =0 j=0

where M = max{1, H} and H = sup,y, ,, tmn < 00.
Proof. It is clear that g(f) = 0, g(—x) = g(). Let 2,y € R*(t), then we have that

9] 1 m n tmn 1/ M oS 1 m n
{ Z QmS quz‘ijij } +[ Z QmSnZZQiSjyij

m,n=1 ™ =0 j=0 m,n=1 i=0 j=0

g()

tmn:| 1/M

< g(@)+9g(y).

Furthermore, for any A € C, we have g(Ax) < max{1, |A|}g(z). Hence, (\,z) — Az is continuous
at A =0, x = 0, and that the function x — Ax is continuous at x = 6 whenever X is a fixed scalar.
If x € RE(t) is fixed, and & > 0, we can choose M, N > 1 such that

M oo 1 m n tmn o'} N
R(x) - Z Z QmSn Z Z B * Z Z

m=1n=N+1 =0 j=0 m=M+1n=1

oo o0 1 m n
* Z Z QmSn Z Z B

m=M+1n=N-+1 i=0 7=0

tmn

1 m n

i=0 j=0

tmn

<e/2.
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Therefore, R(Ax) < £/2 since |[A| < 1 and § > 0, so that |A| < § gives

s Sy

i=0 j=0

M,N

)y

m,n=1

tm

<eg/2.

Thus, |A| < min{l,¢} implies that g(Az) < e. Hence, the function A\ — Az is continuous at
A = 0. So, R¥(t) is a paranormed space.

Now, we show that the space (R*(t), g) is complete. Let (z") be any Cauchy sequence in the
space R*(t). Then, for a given £ > 0, there exists a positive integer N = N(e) such that

o0 1 m n tmn 1/ M
g(z" —2%) = [Z 5.3 quisj(x;“j—xgj) ] (7)
m,n=11 """ j=0 j=0
0 1/M
= [ Z y;wn_y:nnltmn:| <e
m,n=1

for all ;s > N. Thus, we have that
[Yimn = Ymn| < 9(z" —2°) <&

which show that
1 m n
Y" = (Y )ren = (QS ZZ%SJ'CE%)
mon 570 520 reN
is a Cauchy sequence of complex numbers for every fixed m,n € N. Then, this sequence converges
from completeness of C, say (y},,,) is convergent to Y., namely,

lim v, = Ymn (8)

r—00
for all m,n € N. So we can define the sequence y = (ymy). Furthermore, one can see by (7) that
o0 o0
Z Z |y;1n - yfnn|tmn < €M
m=0n=0

for r,s > N. If we pass to the limit as s — oo, then we have that

oo oo
Z Z |y7Tnn - ymn|tmn < €M

m=0n=0

for r > N by (8). Thus, the last inequality lead us to the fact that g(z" — z) < e for r > N, which
gives the required result.

Theorem 2.8. The double sequence spaces R, (t), Rp(t),, Rop(t), RE(t), Rup(t) and R,.(t) are
linearly isomorphic to the spaces M, (t), Cp(t), Cop(t), Lu(t), Cop(t) and C,(t), respectively, where
0 <tmn < H.
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Proof. Let consider the space R, (t). We can define a transformation T : R, (t) — M,(¢) by
the equality (3). It is clear that T is linear. Further, it is obvious that T is injective since x = 6
whenever Tz =6 .

Now, suppose that y = (Ymn) € M, (t) and define the sequence © = (zy,y,) by

1
dmSn

for all m,n € N. Then, we have that

{Qmsnymn - C277171Snynlfl,n - QmSnflym,nfl + melsnflymflmfl}

Tmn =

1 m n ton /M
_ _ tmn /M
g(x) = sup QiS;iTij = sup |y < 0.
( ) m,neN Qmsn ;]go B m,n€N| mn|

Hence, the last inequality show that z € R, (t) and so T is surjective and is paranorm preserving.
Thus, the spaces R, (t) and M, (t) are are linearly isomorphic.

Theorem 2.9. The a—dual of the space R, (t) for every t = (tyn) is the set Ms°(t) which is
defined by

Ms®(t) = ﬂ {a = (amn) € Q: Z |amn\N1/t’”" < oo}
N>1 k.l

Proof. Suppose that a = (amy) € M35°(t) and & = (Zymn) € Ry (t). Then, there exists a positive
integer N such that

1 m n
ol = e D sy
Qm Sn

i=0 j=0

tmn

<max {1, sup |ymn|""} <N

m,neN

for all m,n € N. Thus we have the following inequality

m n
Z|amnxmn| = Z amnL Z Z (_1)m+n_(k+l)QkSlykl
m,n m,n qmSn —1
m n
> X
=m—1l=n—

k=m—1l=n

Z |amn‘ 1 Nl/tmn

qmsn
_ Z |amn‘N1/tmn~
m,n

Hence we have that a € {R, ()}, i.e., M5°(t) C {R.(¢)}=.
Otherwise, a € {R,(t)}* but suppose that a ¢ M35°(t). Then, there exists a positive integer
N > 1such that >°, |G [N/t = 00, Now we consider the 2 = (2,,,,) defined by

IN

(71)m+n7(k+l)QkSl '

k 11 1

Tmn = Nl/tmnsgnamn

for all m,n € N. Then, one can easily show that = € R, (¢), but we have a ¢ {R,(¢)}* since

Z |@rmnTmn| = Z |amn|N1/tm" = 00.

m,n m,n

This contradicts show that a € M3°(¢), i.e, {Ry(¢)}* C Ms°(t).
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Theorem 2.10. (i) R, (t) C R (M,) if and only if h = inf t,,, > 0.
(i) RI(M,) C Ru(t) if and only if H = sup t,,, < co.
(ili) Ry (t) = R™(M,,) if and only if 0 < h < H < .

Proof. (i) Let R,(t) C R9(M,) but h = 0. Then, there exist the sequences (m(i)) and (n(j)),
one of them is strictly increasing and the other one is non-decreasing, such that

(9)
for all positive integers i, j. Let us define the sequence

o0 oo

i=0 j=0

Then, we have the sequence y = (Y, ) where

1 m n
Ymn = Omdh ZZQiSjZCij =

i=0 j=0 0, otherwise

for all m,n € N. Hence, we obtain
[y — tm(i),n(5)
SUP  [Yman| = SUP [Ym(i).n()|
m,neN i,jEN

= sup iim@ @
i,jEN
L1
< sup it < 20
i,jEN

Therefore z € R, (t) but it is clearly that ¢ R9(M,) which is a contradiction. Hence, h > 0.
Conversely, let x € R, (t) and h > 0. Then, there exists a positive real number K, such that

tmn

1 m n
i=0 j=0
for all m,n € N. So, we have that
1 m n
‘Q S ZZqiijij < le/tm” < max{l,K;/t},
MmN -0 j=0

which leads us to the consequence that x € RI*(M,,).
(ii) Suppose that R (M,) C R,(t) but H = co. Then there exist the sequences (m(i)) and
(n(4)), one of them is strictly increasing and the other one is nondecreasing, such that

b(i)n(j) > ¢+ J
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for all 4, j € N. In this case if we consider the sequence x = Y77 >~7° (2b™i" for which

2, m=m(), n=n(y),

1 m n
Ymn = W ZZQZ‘SJ'IU =
m~n

i=0 j=0 0, otherwise

for all m,n € N. Then, we obtain that x € R (M,,) but z ¢ R, (t) since |yy,|imn = 2tmonG) >
2+ which is a contradiction, i.e., H <0 .

Conversely, let © € R%*(M,) and H < 0. Then, there exists a positive real number K, such
that |ymn| < K, for all m,n € N. Hence we have that

|ymn|tmn < K,im" < max{l,Kf}.

Therefore, x € R, (t).
(iii) Follows from (i) and (ii).
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