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REFINEMENTS OF THE CAUCHY-SCHWARZ
INEQUALITY FOR 7-MEASURABLE OPERATORS

YAZHOU HAN

(Communicated by Y. Seo)

Abstract. In this paper, we present the convexity of certain functions in noncommutative sym-
metric space generalizing the previous result of Hiai and Zhan. As an application, we gave
some refinements of the Cauchy-Schwarz inequality for 7-measurable operators by using some
integration techniques.

1. Introduction

Let M, be the space of n X n complex matrices. A norm || - || on M, is called
unitarily invariant if [|[UAV || = ||A|| for all A € M, and all unitary matrices U,V € M,,.
For matrices A,B,X in M, with A, B positive semidefinite and X arbitrary, Bhatia and
Davis [1] gave the matrix Cauchy-Schwarz inequality

||A*XB|"||> < |[JAA*X|"|| - ||| X BB*|"|| for all r > 0.

In 2002, for the above matrices A, B and X, Hiai and Zhan [10] proved that the function
f&) = ||AXB|"|| - ||A'*~'XB'|"|| is convex on [0,1] for each r > 0. In particular,
they gave a Cauchy-Schwarz type inequality as follows

[1AZXBE||P < [[|AXB' =" [JA"X B | < [|AX | IXBI,  (.1)

where A,B >0 and X € M, and s € [0,1], r > 0. Among other things, Bakherad [2]
shows a further refinement of the Cauchy-Schwarz inequality as follows

[AZXBE| > < [|IAXB = |[[|lA™ X B°) |

(1.2)
max{|[|AX["[[[[[XB|"][, [[AXB["[|[[[X|"]|}

NN

where s,7 € [0,1] and r > 0.

Let E(.#') be the noncommutative symmetric space of T-measurable operators
affiliated with a semifinite von Neumann algebra equipped with a normal faithful semifi-
nite trace 7. In 2009, Zhou, Wang and Wu [16] gave the Cauchy-Schwarz inequality
for T-measurable operators

"2y 7 .y < Nbex2l |y - 23y |l forall >0, (1.3)
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where x,y € Lo(#) and z € .#. We use the Cauchy-Schwarz inequality for -
measurable operator and the method of Hiai and Zhan to obtain generalizations of the
convexity of

o) = 12y " leca I~ "lg(a) for 1 €[0,1],

where x, y € E(A )S:) , 2€ . and r > 0. As an application, we show a generalization
of inequality (1.1) for the norm on noncommutative symmetric space. Finally, we show
that inequality (1.2) holds for the norm on noncommutative symmetric space.

2. Preliminaries

Let Ly be the set of all Lebesgue measurable functions on (0,e0). For f € Ly we
define its non-increasing rearrangement as

fr(t)=inf{s > 0:d¢(s) =m{r:|f(r)] >s} <t}, >0,

where m denotes the Lebesgue measure on (0,e0). By a symmetric Banach space on
(0,00) we mean a Banach lattice E of measurable functions on (0,0) satisfying the
following properties: (a) E contains a simple function; (b) if f € Ly and g € E with
ff=g* then f € E and | f|lg = ||g||g. It is called fully symmetric if, in addition,
for f € Ly and g € E with [§ f*(s)ds < [ g*(s)ds we have f € E and | ||z < ||g| e
Let E be a symmetric Banach space on (0,e0). For 0 < r < o, E(") will denote the
quasi-Banach spaces defined by

1
" i={g€Ly:|g|" €E}and||g|lzy = lllg]]I5-

As is shown in [11, pp. 53], if E is a symmetric Banach space and r > 1, then EW i

a symmetric Banach space. The symmetric Banach space E is called m1n1mal if and
only if L' NL* is dense in E. Further, if E is minimal, then f* (t) = 0ast— 0 for
each f € E. We say that E has order continuous norm if for every net {fi}ic; in E
such that f; | 0 we have ||f,||z | 0. Moreover, a symmetric Banach space has order
continuous norm if and only if it is separable, which is also equivalent to the statement
E' = E*, where E' is the kothe dual space of E given by

E'={f e Lozsup{ [ |F0g(t)ldr: glle < 1} <=},

In particular, a symmetric Banach space which has order continuous norm is automat-
ically fully symmetric. Then there exists a family W of nonincreasing functions on
(0,00) such that

17l =sup{ | (a0 0 € W),

Consequently,

7l = ATz = sup{ | £ @y o) : @ € W), 1)
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We refer to [5, 11] for these spaces.

Unless stated otherwise, .# will always denote a semifinite von Neumann algebra
acting on the Hilbert space .7, with a normal faithful semifinite trace 7. We refer to
[6, 12] for noncommutative integration. We denote the identity of .# by 1 and let &
denote the projection lattice of .# . For all p,q € &, the supremum p\/q is given
by the orthogonal projection onto ran(p)Uran(g). A closed densely defined linear
operator x in .7 with domain D(x) C 7 is said to be affiliated with .#Z if u*xu = x
for all unitary operators u which belong to the commutant .#" of ./ . If x is affiliated
with . , we define its distribution function by A(x) = 7(e;-(|x|)) and x will be called
T-measurable if and only if A¢(x) < oo for some s > 0, where e (|x|) = €(s,00) (1x])
is the spectral projection of |x| associated with the interval (s, oo). The decreasing
rearrangement of x is defined by u, (x) = inf{s > 0: A;(x) <r}. We will denote simply
by A(x) and p(x) the functions 1 — A,(x) and t — p,(x), respectively. See [8] for
basic properties and detailed information on decreasing rearrangement of x.

The set of all T-measurable operators will be denoted by Ly(.#). The set Lo(.#)
is a x-algebra with sum and product being the respective closures of the algebraic
sum and product. The measure topology in Ly(.#) is the vector space topology de-
fined via the neighbourhood base {V (g,8) : €,6 > 0}, where V(g,8) = {x € Lo(.#) :
T(e(e)([X])) < 8} and e(e o)(|x]) is the spectral projection of |x| associated with the
interval (€,o0). With respect to the measure topology, Ly(.#) is a complete topological
x-algebra. As usual, we denote by ||-|| (= || - ||) the usual operator norm.

Let E be a symmetric Banach space on (0,0). We define

E(M)={xeLo(A): u(x) € E} and |[xl|g(.z) = (3 |-

Then (E(#),| - |lg(.#)) is a noncommutative symmetric Banach space (see, [6]). If
E =7, then E(.#) is the usual noncommutative L, spaces L”(.Z) (see, [12]). For
0 < r < oo, we define

1
E(M)") ={x € Lo(A) : |x|" € E(A)} and |l 5 4y = | X"l -

As is shown in Proposition 3.10f[7],if E isa symmetric Banach space, then E") (L) =
E()"), where EV) (M) = {x € Lo(A) : t(x) € EV} and [|x]| gy ) = 100 0 -
Further details may be found in [6, 7].

For every x € Ly(.#), there is a unique polar decomposition x = u|x| where |x| €
Lo(#)+ ( the positive part of Lo(.#)) and u is a partial isometry operator. Let r(x) =
w*u and [(x) = uu™. We call r(x) and [(x) the right and left supports of x, respectively.
Note that [(x) (resp. r(x)) is the least projection e of %(°) such that ex = x (resp.
xe = x). If x is self-adjoint, then r(x) = /(x). This common projection is then said to
be the support of x and denoted by s(x). Set S(.#), = {x € A~ : 1(s(x)) < o} and
let S(.#) be the linear span of S(.Z ).

Note the completion of (S(.#),||-||,) is L (.#'). If E is minimal, then S(.#) C
LN\ M CE(M) and p;(x) — 0 as t — oo for each x € E(.#). Given x,y €
Lo(#) and 0 < o, q < oo, from Theorem 4.2 of [8], we have

1 1
/Hs(w)aqu</ s ()% s (x)*ds,t > 0.
0 0
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So the well-known rearrangement inequality of Hardy (see, Proposition 3.6 of Chapter
I in [5]) implies that

Kmmwmwm<£mwwmeMWaz>o 22)

holds for all nonincreasing function @(s). Therefore, inequality (2.2), (2.1) and the
usual Holder inequality imply that

||Xy||E(///)(r) < ||XHE(/1)(I)) ||)’HE(///)(q)» X e E(t///)(p)» ye E(///)(q) (2.3)

holds for 0 < p,q,r < e and %4_5:%.

In what follows, E will always denotes a minimal symmetric Banach space with
order continuous norm.

3. Main results

The following lemma, which is a refinement of inequality (2.3) and (1.3), plays a
central role in the proof of the convexity of function

o) = 1I¥2y" e - 12V 5wy Tor t€0,1],

Wherex,yeE(///)S:),ZEJ// and r > 0.

LEMMA 3.1. Let s,r,p,q > 0 with 11—7—|—L11= % Ifze #, xe E(#)P), ye
E(A)\), then

1 1
* r x< *'rj . ' *|F|2 .
I e <1 ) M T2

Proof. First we assume that 7(1) < eo. For x,y,z € .# , we have
Vit zy, 2oyt (xx*2)* € M C LY (A).

By Lemma 2.5(ii) and (iv) in [8] and Lemma 2 in [4], we obtain

us(|x"zy?) 2

= ps(2yy* (xx"2)")
= uy(Jzyy* (xx*z)"
= Us(|zyy" (x"z)"

us(fzy[)*

s

IS
2
)%
\%

),
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and so [[1*2y/"ll 50 = 033" (03°2)* % | g0 - Since L+ 1=

E . Hence, by Lemma 2.5(11) and (iv) in [8] and 1nequality (2.3), we have
2

5 w1
2y" (" 2)* 12l gy = Ny D) 12113
v (Y (|5
=l ("7 e
< U™l g gy NN )2
2 2 ,
= (llzyy” |2HE’ e 2) | 217 0)?
1
L 0w,
= |||ayy*|? Hg(,/,,) N2 T g
1 1
=H|zyy*|’||;(ﬂ)(%) Izl -

For the general case, namely, for any x € E(.#)("") and y € E(.#)9") , there exist
uy,uy € A such that x = u;|x| and y = up|y| are the polar decomposition of x and y,
respectively. We write x, = u|x[ejo,)(|x]), yn = ua|ylejon(|y[), n=1,2---, where
€0 (|x]) and ef,;(|y|) are the spectral projection of |x| and [y| associated with the
interval [0,n], respectively. According to Lemma 2.6 in [8], we obtain

My (x = xn) = Wy (3 .00 (1¥])) < 1 (X) X[0,(e, ) (161
Then x;,, y, € # and

1
X = Xall gy o) = I%€(nc0) D gy o < LGP 200,26y (N IE

Since 7(e(,.)(x)) decreases to zero as n — o (cf, Proposition 21 of Chapter I in [14])
and E has order continuous norm, we obtain x, — x in E(.#)#") . Similarly, y, — y

in E(.#)\) . Moreover,
* r 1 % ki %
Izl sy < Mbeaxazl > g - Mlzvayal 12 )
Hence,
pro 4 o g
I 23 e < T2l 25 1y 2 2 -

In the general case when 7 is semifinite, for any x € E(.#)\?") and y € E(.#)\9")
there exist uy,uy € .# such that x = uy|x|, y = u,|y| are the polar decomposition of x
and y, respectively. We put

o =|xlecs ) (K), yn =malyles (W), n=1,2--,

where €1 .N)(|x|) and €1 o (|y|) are the spectral projection of |x| and |y| associated
with the interval ( o), respectlvely Then x, € E(P,.#P,)\"", y, € E(P,.#4P,)\"
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where P, = ¢ (|x|)\/e (|y|) Since E is minimal, then lim, .t (|x|P") =
limy 0 (|y|‘1’) O Accordmg to Proposition 3.2 in [8], we obtain T(e(l_m) (Jx]) <o
and T( 1

n

(|)’|)) < oo forany n € N . Hence,

2(B) < 2ler o (1) + 2ler o (V) <

Thus, P,.# P, is finite and so

I3zl W0 .y < Nyl 2 IIE IHZynyn\ZIIE

Since E has order continuous norm and

1
ta(lele 1y (D) < pe(lder 1y () < =, n=1,2,--,

n

by a simple computation we derive x, — x in E(.#)?") . Similarly, y, —y in E(.# )\,
Thus,

1
xzy|” o < |[Jax*z|”)|? Z : O
Il e < b1} g -l T

()’
REMARK 3.2. Itis clear that E(.#)"") = E(.#). If we replace s,p,q by 1,2,2,

respectively, in Lemma 3.1, then we obtain the Cauchy-Schwarz inequality

129 7y < Nbex*2l Ny 112y V |y forall 7> 0.

THEOREM 3.3. Let x, y € E(///)(p z€ M and r > 0. Then the function

o(0) =¥y ey I 2 5w

is convex on the interval [0,1] and arttains its minimum at t = % Consequently, it is
decreasing on [0,1] and increasing on [%,1].

Proof. Let x, y € E(///)Err) By Lemma 2.5(iv) of [8], we have u(x)" = p(x"),
u(y)” = u(y"), which means that p(x),(y) € E). Therefore, Lemma 2.5 (iv) and
(vi) in [8] and inequality (2.3) imply that

1—tyr & 11
12y Mgy = 1¥2 g n

1—¢
< IWally, ;Hy gtz

< HzHHu(xVIIéHu( Yl
el o) )

Thus, x, y € E(///)S:) imply that |¥'zy!~/|" € E(.). Similarly, |x'“'zy!|" € E(4).
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First we assume that 7 is finite and x, y € .#,. Since ¢ is continuous and
symmetric with respect to ¢t = % , all the conclusions will follow after we show that

1
o) < sl +s)+o—s)}, r£s€[01].
By Lemma 3.1 (or, Theorem 3 of [16]), we have
I 2y ey = 11 ") e

_ 1
<Y g IW ' N g )2
and
I 2 [y = N 2 )y g
1
<2y =g Hlx ) ey 5 gy} 2

Multiplying the above two inequalities we obtain

1
o) < 5{p(+5)+9(—s)}, 1+s€(0,1]
For the general case, for any x, y € E(.# )S:), we write x, = xejo ) (x) and y, =
Ye[o.n) (y) € A+, n=1,2---. According to Lemma 2.6 in [8], we obtain

My (x = xn) = s (%€ 1,00) (X])) < e (X) [0, (141))]-

Hence,

o=l 0 = ) 0 0 = NGO iy -

Since T(e(,.)(x)) decreases to zero as n — oo (cf, Propositlon 21 of Chapter I in

[14]) and E has order continuous norm we infer that x, — x in E(.# )(’) as n —
oo, Similarly, ya — y in E()") . 1t follows from the above case that ¢,(r) =
|| zy L =" leca) |l |x}~ "2Vul"l|e(#) s convex for all ¢ € [0,1] and attains its minimum

attr= i . On the other hand, by inequality (2.3) and the fact E(.# )(’) is a quasi-Banach
space, there exists some constant C > 0 such that

I¥hzyn™ =2 gy = Mhawn ™ =X ™ =X g 00
Y e(([[CAES [ rpae
20 =3 ) gay)

SOl =xall g gy IIyn Ny
¥l gy Hy ~n g )
< Cllall ()" 20,2 ]HEHanIE

+ er”;;””(y)rX[O,‘r(e(n‘w)(y))] HE’(,///))~
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This implies that x,zy. ™" — x'zy! ™" in E(.#)") as n — eo. Similarly, x!7'zy!, —
x''zy! in E(#)") as n— oo, and so @, (t) — @(t),n — oo. Therefore, ¢(t) is convex
on [0,1] and attains its minimum at ¢ = .

(r)

In the general case when 7 is semifinite, for x, y € E(.Z) Y, we write x, =
xe(lm)(x) and y, = xe(1. )(y), n=1,2---. Then x,, y, € E(Pn//Pn)(p, where
Pp=en e )\/e ( ), n=1,2---. Since E is minimal, then lim, ..t (|x]") =
hmHm ‘LL,(|y| )= 0 According to Proposition 3.2 in [8], we obtain T(e(%’m)(|x|)) < oo
and T( (|y|)) o for any n € N. Hence,

T(P) < Tleq1 oy () +7leq . (V) <
Therefore, P,.# P, is finite and the function
ou(1) = 52y ll - Il ™2 e
is convex on [0, 1] and attains its minimum at ¢ = % . On the other hand, since e, 1 (x) >
xe[oﬁﬁ](x) and ,u(xe[o’%](x)) < %, we obtain

¥ =xall gy = o 1) g py) — 0y — .

Similarly, y, — y in E(.#)""). By a simple computation we derive lim, @,() = ¢(z).
Therefore, ¢(r) is convex on [0, 1] and attains its minimum at ¢ = % This completes
the proof. [J

Based on Theorem 3.3, we obtain the generalizations of inequality (1.1) for the
norm on noncommutative symmetric space.

COROLLARY 3.4, Let x, y € E(//)S:), z€ M and r > 0. Then

2y ey - llx' zy’I’Hsz)

1 1
It 2y 20 <
< kel e mmm

holds for 0 <t <1

Proof. 1t follows immediately from Theorem 3.3. [J

In view of the result of Theorem 3.3, we obtain our refinement of the first inequal-
ity in Corollary 3.4.

COROLLARY 3.5. Let x, y € E(///)S:) z€.# and r > 0. Then
L 1 I-a s_ 1—sir 1—s__s|r
I < gyl [, I Pl e =21 sl

1 11 _ _
< E[III)ﬂzyzI’Ilfs(,/zﬁrIHX‘”zy1 el =2 e

<% e 16 =2 ey
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forall 0 < o<1 anda;«é%.

Proof. Let (1) = ||[x'2y" |||z llIX' 2y I"||£(.ar) and let O < & < §. By The-
orem 1.1 of [9] and Theorem 3.3, we have

() (OH_;_OC) < l_IZa/ljzlia(p(s)ds
éL(h) < w

, helo,1],

where

L) = 5[p(h(1 ) + (1~ h)ar) + hep(00) +(1—R)g(1 — )]

o(3) < b oomen(2) =gz

It follows that

Thus,

11 1 l-o _ _
12292 | 7a) < . Zoc/ 1 2 e N2y ey ds
- o

1 11 _ _
<E[Illxzzyzlrllg(,/zﬁII\xO‘zy1 el = ea)]

<= e I =%V g a)-

Let 1 7 < a < 1. By the symmetry property of ¢ with respect to o = %, if we replace
a by 1 —a, then

11 2 1 o s s P s
Ix22y2 "5 ) < 2OC_I/HXH\X1 N 162 ™ e ads

1 11 _ _
<E[Illxzzyzlrllg(,/zﬁII\xO‘zy1 el = ea)]

l—aZ

1—
<2y e e Npa)- B

The following result is a refinement of the second inequality in Corollary 3.4.

THEOREM 3.6. Let x, y € E(g///)(p, ze€ M, r>0 and s €[0,1]. For every
€ (0,1), we have

1—
(1= P [T [T [ I PPN [ P

S RIE)

where @(s) = [[|°2y" V'l g | ' 2y N ) -
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Proof. Let @(s) = |2y "l e 11X 27 ey and f(s) = (1=1)o(3) +
1¢(s) — @(15L +st). Lemma 1 of [3] and Theorem 3.3 imply that f(s) is decreasing on
[0, 1] and increasing on [§,1]. Since f(s) is decreasing on [0, 3], we have f(0) > f(s),
s € [0, 1]. This means that

00)- 00> 1 [o( 5 ) o (5 +w))]. a1

Thus

ezl e oyl ey = 112 = Mg le‘szySI’H )
> l E — —+l
Z7\? (2 s

where @(451) — @(45% +1s) > 0 follows immediately from that 1 > L 5 > Lt
and Theorem 3.3. Now, let s € [%, 1]. By the symmetry property of (3.1) with respect
to s = %, if we replace s by 1 — s, we obtain

00)=0(1-9> 1 o (151 ) ~o(F3 +(-01)).

which reduces to the desire result since @(1 —s) = @(s), s € [0,1]. O

Recall that a real valued function F(s,z) defined on [a,b] X [c,d)] is called convex
if
F(Asi+ (1 =A)so, At + (1 = A)ta) S AF(s1,01) + (1 — A)F(s2,12)
for all 1,52 € [a,b], t1,t2 € [c,d] and 0 < A < 1. Now, we show the convexity of the

function

1—t 1+5‘ ”E 1+t l 5| ”

L

@(s,1) =[x
and we use the convexity of ¢ to prove some Cauchy-Schwarz type mequalities.

To achieve one of our main results, we state for easy reference the following fact,
obtained from [15], which will be applied below.

LEMMA 3.7. 1. An operator x € M belongs to S(.#) if and only if there
exists a projection e of finite trace such that 1(x)\/ r(x) < e(or equivalently,
exe =Xx).

2. Let x€ S(AM). Then |x|P € S(A) for any 0 < p < e. More generally, let h be
a bounded Borel function on the spectrum & (|x|) of |x|. Then h(|x|) € S(#).
THEOREM 3.8. Let z€ 4, r>0 and x, y € S(M ). Then the function

1—¢ 1+\‘ || 1+t 1 \| ||

L

@(s,1) = [l]x

is convex on [—1,1] x [—1,1] and attains its minimum at (0,0).
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Proof. Let x, y € S(.# ). . By Lemma 3.7(2), we have x! =%, y!*s xI+ yl=s ¢
S(A'). We write e = s(x)\/s(y). Itis clear that

exlftzlerse _ xlftZyIJrs, €X1+tZy17S€ _ lertZylfs.
From Lemma 3.7(1), we deduce x' zy!*s, x!*zy!=5 € §(.#). By Lemma 3.7(2), we
obtain

|x17tzy1+s|r’ |x1+tzylfs|r c S(%) g E(%)

forall > 0 and s,7 € [~1,1]. Since E(.#)") is a quasi-Banach space and S(.#) C
A , by Lemma 2.5 (vi) of [8], there exists some constant C > 0 such that

1¢t 1+s xl;tl

zy 1:I:.s'1|rHE(

151 yliv xl;tl

COIT =)y,

Ix

= |l I

zy zy

)0

()
1 1+ 1+
T ) )

<l U =2 F Y= N s gy

Iy =y () gy 0)

This implies that ¢ (s,7) is continuous. A similar argument to the proof of Theorem 3.3
shows that it suffices to prove the following inequality

1
O(s1,11) < E[(P(Sl +82,11+0)+Q(s1 — 82,11 —12)], si £, 1 £ € [—1,1] x [-1,1].
By Lemma 3.1 (or, Theorem 3 of [16]), we obtain

1y gy = 2 G2 9522 g

1
< H |x17tl+tzzy1+s17s2|r” 2

Eo H |x17t1 —t

1
Zy1+Sl+S2|r”é(l///

and
It 02yt gy = (W2 22y 7202 g
T N e T F A
Multiplying the above two inequalities we have
o(st,0) = [ 2 e - N2y = g
<[Q(s1 + 52,01 +1)(s1 — 52,01 —12)]?
< %[(P(Sl +50,t1 + 1)+ @(s) — 52,11 —12)].
This implies the desired result. [J

From Theorem 3.8, we obtain the generalization of inequality (1.2) for the norm
on noncommutative symmetric space.
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COROLLARY 3.9. Let x, y€ S(A )+, z€ # and r > 0. Then

L1
2292 M7y < W29 ey - I 25 e
< max{|| bzl g H12y| |l £a Hlxzyl lecalllzl e}

where s,t € [0,1].

Proof. If wereplace s, f, x, yby 2s—1,2r—1, x% s y% s respectively, in Theorem
3.8, we deduce that the function y(s,7) = [|[x'zy" " gy || X' 7'20° | £ ) i convex
on [0,1] x [0, 1] and attains its minimum at (1, 3). Hence
L Lo 1-
12 2y2 17 ) < W20V e - 120 e

Since x,y € S(.# )+ C M+ and z € .4, then y is continuous and convex on [0, 1] x
[0,1], and so y attains its maximum at the vertices of the square. Moreover, due to the
symmetry there are two possibilities for the maximum. [J

We conclude this section with a series of inequalities that lead to another refine-
ments of the inequality in Corollary 3.5 and 3.9. From Theorem 3.8 and the proof of
Corollary 3.9, we obtain that the functions

o(s,1) = | 2 Nl N2 =V gy for s, [=1,1]

and
w(s,) = |2y [ eca) - 12 |y for s,z €0,1]

are convex functions. Applying Theorem 1 of [13] to the convex function ¢(s,#) and
v (s,1), we obtain the following series of inequalities.

PROPOSITION 3.10. Let x, y€ S(A# )+ and z € M .

1. For r >0, we have
e s < 5 [ [ I ey I = s
< §[|||x22|rHE(.///)H|Zy2|r||E(,/z) + 122 s 12l N e Ca)-
2. Ifr>0, p,ge[0,1] and p # %, q# %, then we have
11 1
272|712 < ‘——
‘HX zy |”E(JZ) 1__2p 1__2q

1-p rl—g —s
/ LI Y e e e apdsar

[Hl)cpzy1 N Necay - I P2 Nea

+H|X1 Pyl =a|” ”E(,///)'|przyq|rHE(,///)]~
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