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Abstract. In this paper, we obtain some upper bounds for singular value inequalities for convex functions of matrices.
Some applications involving the spectral norm and numerical radii of matrices were given. Among other inequalities,

we prove that for A, B € M,,(C) and for any nonnegative increasing convex function f on [0, ) with f(0) = 0, we have

1 s (f(alAP +b1BR) @ f (bIAF + a|BP))
2| +sj_is1(f (IbA*B+aB*Al) @ f (laA*B + bB*Al))

’

5i(f (A*B + bBA])) <

wherea,b > 0and j =1, ..., n. Also, an upper bound for [|[ReAl| were given.

1. INTRODUCTION

Let M,,(C) be the C*—algebra of all n X n complex matrices. A positive semidefinite (positive)
matrix A € M, (C) is the matrix that satisfies x*’Ax > 0(x*Ax > 0) for all x € C". This singular
values of A € M,(C) are the eigenvalues of |A| = (A*A)% denoted by s;(A),j = 1,..,n, with
s1(A) > ... > s,4(A). If the matrix norm on M,,(C), denoted by [||-]||, satisfies that |[[UAV]|| = |||All| for
every A, U,V € M,,(C) where U and V are unitary, then it is called unitarily invariant norm. The
spectral norm is one of the most common examples of unitarily invariant norms, which is defined
for every A € M,,(C) and x € C" by

IA]l = max||Ax]].
ldl=1

It is known that ||A|| = s1(A) for every A € M,,(C).
The numerical radius w(A) of a matrix A € M,,(C) is defined by

w(A) = ﬂg)i{l(Ax,x)l cx e CM. (1.1)
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In [24], the author gave a distinguished definition for w(A) by

7

w(A) = sup ||Reei6A
0eR

where ReA = 254 s the real part of A € M, (C).
It is known that w(-) defines a norm on IM,,(C) which is equivalent to the spectral norm ||-||.

Moreover, for every A € M,(C), we have
1
5 Al < w(A) < 1Al (1.2)

It is known that for A, B € M,,(C), the direct sum of A and B, denoted by A & B, is defined on
MZn (C) by
A 0
A®B = .
0 B
It is known that for every A, B € M,,(C), we have

si(A) =sj(A") =si(lAl),j=1,...,m,

IR I
B

The previous basic relations on singular values, spectral norms, and numerical radii of matrices

= max{||All, [|B[}. (1.3)

will be used in our paper. For more about matrices, the reader may refer to [4], [20], and [25].
In 2007, Hirzallah and Kittaneh [19] proved that if A, B € M,,(C), then

sj(AB* + BA") <s;((1AP + 1B) @ (|AP + IBI%)), (1.4)

for j =1,...,n. Also, a related result of the inequality (1.4) was given by the authors in [16], that is
for A,B € M,,(C), we have

sj(A'B+ B'A) <s;((1AP + 1BP) & (JAP + IBI)), (1.5)

for j = 1,...,n.In [1], Al-Natoor proved that if A, B € M,,(C) witha,b > 0 and if f is a nonnegative

increasing concave function on [0, o), f(0) = 0, then
2 2 2 2
y ( f(a|A| +hiB )ea f(b|A| +alB ]
bA*B+aB'A A*B+bB'A !
s (f (M) @ £ (M)

for1 <i<j<mn. Bytaking f(t) = t,t > 0, it can be noticed that the inequality (1.6) is related to the
inequality (1.5) and they are equivalentif j = 1anda =b = 1.

si(f (laA"B + bB"Al)) < (1.6)

For more generalizations, counterparts, and recent related results about singular values, numer-
ical radius, and matrix norms, the reader may refer to [2], [3], [5], [6], [7], [8], [9], [10], [11], [12],
[13], [14], [15], [17], and [22].
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The United Nations Sustainable Development Goals (SDGs) highlight the importance of math-
ematical tools for analyzing stability, efficiency, and robustness in complex systems. Such systems
are often modeled by matrices or linear operators, where singular values, the spectral norm, and
the numerical radius quantify amplification, sensitivity, and stability properties. These spectral
quantities arise in applications related to resilient infrastructure and network dynamics (SDGs 9
and 11), as well as in modeling and optimization problems in water distribution and resource man-
agement systems (SDG 6), thereby motivating the investigation of relationships between matrix
norms and spectral characteristics.

In this paper, we give some singular value inequalities for functions of matrices that related to
some inequalities given in [1] and we give some upper bounds for s; (A*B+ B*A). In addition, we

obtain an upper bound of ||[ReA|| involving the numerical radii of matrices.
2. MAIN RESULTS
We begin this section with the following lemma (see [4, p. 291]) which is essential in our work:
Lemma 2.1. Let A € M,,(C) and let f be a nonnegative increasing function on [0, o). Then
si(f (14D) = £ (5 (4),
forj=1,..,n.

To achieve our goal, we need the following two lemmas. The first lemma can be found in [23]

and the reader may refer to [25, p. 275] for the second lemma.

[ R S
Lemma 2.2. Let R € M, (C) and T € M,,(C) be such that G T l is positive semidefinite and let

25]'(5) SSJ{[? ;l ,

r = min(m,n). Then,

forj=1,..,r.
Lemma 2.3. Let A,B € M,,(C). Then
si(A+4B) <sj(A) +5j-i41(B),
for1 <i<j<n.lInparticular, ifi = j, then
si(A+B) <sj(A)+BIl.

Theorem 2.1. Let A,B € M,,(C) and let f be a nonnegative increasing convex function on [0, o) such
that f(0) = 0. Then for a,b > 0, we have

5i(F (a14P + b1BR) @ £ (b1AF + alBP))

) 2.1
+5i-i41 (f (bA*B +aB*Al) ® f (laA*B + bB*A|)) @1

Si(f (0A°B 4+ bBAY)) < 3

for1<i<j<m.
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A
Proof. Let X = [ 0

aX*' X +bY'Y

A" 0
a
B* 0

l . Then
0

B B A
and Y =
0 0

EREHE

alAP +b|B? aA*B+0bB*A
bA*B+aB'A b|AP +a|BP |

Now, using Lemma 2.1, Lemma 2.2, and Lemma 2.3, we have

5i(f (nA'B+bB'Al)) = f(s(aA'B +bB"A))

IA

&l

1
f 55

1
2

alAP +b|BP 0
5j 2 2
0 b|AP +al|B

f
1., . [[ 0
+58j-i+1

A +b|B* aA*B+ bB*A
alAP +b|B aA*B+ U) 22)

bA*B +aB*A b|AP +a|B)?

alAP +b|BP 0
0 b|AP +a|BP
0 aA*B + bB*A
+
bA*B + aB*A 0

(2.3)
aA'B + bB*A

)]

by the convexity of f and using Lemma 2.1 on the inequality (2.3), we get

si(f (laA*B +bB*Al))

N =

N =

N =

N| =

]

|

alAP +b|BP 0

el
0

_|_ .
_ 4%w{hmm+wm 0

alAP +b|BP 0
it

bA*B + aB*A 0

+f Sj—it1

Sﬂf@mf+mmﬁ 0 ]

+8j-it1 [ f [

bA’B + aB*A 0
0 blAP +a|BP D]

aA*B + bB*A

)

(2.4)

)

0 blAP + a|B)?

N
L

0 aA*B + bB*A

0 f(bIAP +a|BP)

bA'B + aB*A 0
0 aA*B + bB'A
f(alAP +bIBP) 0

|

0 f(blAP +aBP)

Hﬁﬂﬂfmﬁﬂmﬁm 0 D

0 £ (laA*B + bB*A))
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5i(f(alAP +b1BP)® f (b1AP +a|BP))
+5j-it1 (f (IbA*B +aB*A|) @ f (|aA*B + bB*Al))
This proves the inequality (2.1). m]

1
2

An application on Theorem 2.1 is the following corollary.

Corollary 2.1. Let A,B € M,,(C). Then for a,b > 0, we have

5 (aAB 4 BE'A) < 1| si((alAP +b1BP) @ (bIAP + a|BP)) 25
! " 2| +sj-is1 (bA*B +aB*A) ® (aA*B + bB*A)) '
for1<i<j<n. And
AP +b|BP*)®(b|AP +a|BP
5;(aA'B+ bBA) < = | ° si((@iaf +b1 l) ( AP +al D, (2.6)
2 + |laA*B + bB*A||

forj=1,..,n

Proof. The inequality (2.5) follows from the inequality (2.1) by taking f(t) = t,t > 0. Also, the
inequality (2.6) follows by letting i = j in the inequality (2.5) and using the relation (1.3). m|

Theorem 2.2. Let A,B € M,,(C) and let f be a nonnegative increasing convex function on [0,c0) such
that f(0) = 0. Then for a,b > 0, we have

o s ) 1| 0 @14R) 0. (2a10)) o max [ arief) | aP) ] . @)
+25;_i41 (f (IbA*B+aB*A|) @ f (laA*B + bB*A|))

q;

for1<i<j<n.

Proof. Starting from the inequality (2.4), we have

| alAP +b|BP 0
flsi 0 blAP +a|B)?

o 0 aA*B + bB*A
Sj-i
77 bA*B 4+ aBA 0

Applying Lemma 2.3, the convexity of the function f, and Lemma 2.1 on the previous inequality,

we get
»f alAP 0 N b|BJ?
.
. . 1 I o aBP 0 b|A|2
s]-(f(|aAB—l—bBA|)) >

o 0 aA*B + bB A
S -_.
| paB+aBA

[ 20|AP 0 201BF 0
: +
_ 1 K [f([ 0  2a|BP f( [ 0 2b|AP l

4 oy [S]’—i+1 [[ bA*B 4 aB*A 0 D]

si(f (laA*B+bB*Al)) <

Nli—‘

IA

J

0 aA*B + bB*A
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S[[ £ (2a1AP) 0 ]JFH[ £ (261BP) 0 H
J 0 f (211 |B|2) 0 f (Zb |A|2)
f (IbA*B +aB*Al) 0 ]
_ 0 f (laA*B + bB*A))
[ s;(f (2014P) @ f (201BP)) + max{“ £ (20182 |1 (22 |A|2)||}
+25i_i11 (f (IbPAB 4 aB*Al) @ f (JaA*B + bB*Al))
This proves the inequality (2.7). m]

N

+2s;-i11 [

4

N

An application on Theorem 2.2 is the following corollary.
Corollary 2.2. Let A,B € M,,(C). Then for a,b > 0, we have

2 2
o (A2 )+ & mae A2, 1312}

5j(aA’B+bB'A) < ((bA*B—i—uB*A)ea(uA*B—i—bB*A)) ’ @8)
)

+8j-i+1

for1<i<j<n. And

sj(aA"B+ bB'A) < (2.9)

2 2

s (A2 )+ & mae A2, 131P)
+3 1aA*B + bB*A|l

forj =1,..,n

Proof. The inequality (2.8) follows from the inequality (2.7) by taking f(t) = t,t > 0. Also, the
inequality (2.9) follows by letting i = j in the inequality (2.8) and using the relation (1.3). m|

Theorem 2.3. Let A,B € M,,(C) and let f be a nonnegative increasing convex function on [0, ) such
that f(0) = 0. Then for a,b > 0, we have

(£ (A"B + bBAl)) < 1| sj(f(IbA*B+aB'Al) & f (laA*B + bBAl)) 210)
J " 2| s (f(alAP +0IBP) o £ (bIAP +alBP)) |
for1<i<j<m.
Proof. Starting from the inequality (2.2), we have
. \ 1 ([ alAP+b|B aA*B+bB'A
0 aA*B + bB*A l
1 bA*B +aB*A 0
— s 2.11
uby . alAP + b|Bf 0 @11)
0 blAP + a|B)?

Now, applying Lemma 2.3, the convexity of the function f, and Lemma 2.1 on the inequality (2.11),
we get
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. 0 aA*B + bB*A
1
27\| bA*B +aB*A 0

) ([ alAP +b|BP 0 D
+38j-it+1

si(f (laA*"B+bB*Al)) < f

0 b|AP + a|B

. ([ bA'B+aB'A 0

2% ([ 0 aA"B + bB'A D

=/ i [[ alAP + b|B]? 0 D
271 0 bIAP + a|BP

bA*B + aB*A 0
/ (Sj ([ 0 aA*B + bB*A DJ
s [[ alAP? + b |B]? 0 ]]
s 0 blAP +alB? |)) |
[bA*B + aB* Al 0
g [f ([ 0 l0AB + bB*A| ]]

N f a|AP + b|BP? 0 ]
Si—i
B 0 blAP +alB? |)) |

£ (IbA*B + aB*A|) 0
([ 0 f (1aA*B + bB*A|) D

f(alAP +b|BP) 0
0 f(b1AP +a|BP)

s; (f (IbA*B +aBAl) & f (laA"B + bB"A))
| +sjie (f(alAP +bIBP) @ f (bIAP + a|BP))

IA
N =

N =

]

N —

+8j-i+1 [

N =

This proves the inequality (2.10). m|
An application on Theorem 2.3 is the following corollary.

Corollary 2.3. Let A,B € M,,(C). Then for a,b > 0, we have

((bA*B +aB'A) @ (aA"B + bB'A
s(aaBybpa)y< L] SOABTEBEAIS @ABTIEA) (2.12)
2| +sjie1 ((alAP + 0 1BP) @ (b1AP + a|BP))
for1<i<j<n. And
 ((bA*B +aB'A) @ (aA"B + bB'A
s (aAB4+bBA) < | S(OABTaBA)S@ABFIEA) (2.13)
2| +max{|jalAP +bIBP|,|[bIAP + alBP|)}

forj=1,..,n

Proof. The inequality (2.12) follows from the inequality (2.10) by taking f(t) = t,t > 0. Also, the
inequality (2.13) follows by letting i = j in the inequality (2.12) and using the relation (1.3). O



8 Int. . Anal. Appl. (2026), 24:55

Corollary 2.4. Let A,B € M,,(C). Then
1
5i(A'B+BA) < s (A'B+ B'A) @ (A'B+ B'A)) +|IAllBI,
forj=1,..,n.

Proof. Taking a = b = 1 in the inequality (2.13), we get

1

S{(AB+BA) < 5 [si (A'B+B'A)® (A'B+B'A)) + IAP + 1BP||] (2.14)
1

< 3 [si (A'B+B'A)® (A'B+B'A)) + |AI* + IBIP]. (2.15)

Consider t > 0, replacing A and B in the inequality (2.15) by VA and %B, respectively, then taking

the minimum over ¢, we get

1
s{(A"B+B'A) < 55 ((A"B+B*A)® (A'B+ B*A)) + lIAllIIBII,
this completes the proof. m]

The following corollary gives an application of our work.

Corollary 2.5. Let A € M, (C). Then

sj(2ReA) < % [s]- (2ReA ®2ReA) + [|AP +1 ] , (2.16)
forj=1,..,n.
Proof. Taking B = I in the inequality (2.14), we get the inequality (2.16). O
It is easy to show that for A € M,,(C), we have
IReAll < l|AIl.- (2.17)

Using Corollary 2.5, a refinement of the inequality (2.17) will be given. This can be shown by
taking j = 1 in the inequality (2.16) then using the fact that s;(A) = ||A|| and the relation (1.3),

which gives

2||ReA||

IA

% [I2ReA & 2ReA|| + [IA + 1]
— |IReAll + % AP + 1]

1
< suplIReAll + 5 (IAIF + 1)
OeR

1 2
= w(A) + 5 (IAIP +1),
which implies that
1 1
IReAll < Ew(A) +t3 (IIAII2 + 1). (2.18)
The inequalities (2.17) and (2.18) give a noncomparable upper bounds for ||[ReAl|. This can be

shown in the following example
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01 1
Example 2.1. Let A = and B =
0.1 0.1

2
l , then
1

1 1
0.8305 ~ Sw(A) + 3 (AP +1) < 1Al ~ 1.011,

and
1 100
41451 ~ Zw(B) + (IBIP +1) > |IB|| ~ 3.193.

Corollary 2.6. Let A € M, (C). Then
(1 1,
IReAll < min { S0(4) + 3 (I4IF + 1), 1411}
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