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Abstract

In this paper, new results touching on almost similarity and other equivalence relations are presented.
We investigate the relationship between almost-similarity relation and other equivalence relations of
bounded linear operators on Hilbert spaces. We study the relation between equivalence classes of bounded
linear operators with respect to different properties such as being self-adjoint, projections, normal, unitary and
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having a specific rank. This paper improves on previous works on known operator equivalence relations and
classes. We obtain several new results on operator equivalences. Methodology involved the use of properties
of orthogonal operators and normality of operators among others. Results show that almost similar projection
operators have the same spectrum. Results touching on spectral invariants with respect to some of these
equivalence relations are also established.

Keywords: Similar; almost similar; metrically equivalent; almost unitary equivalence; unitary-quasi-equivalence.
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1 Introduction

Let H denote a Hilbert space and B(?) denote the Banach algebra of bounded linear operators. If T' € B(H),
then T* denotes the adjoint of T, while Ker(T), Ran(T), M and M* stands for the kernel of T', range of T,
closure of M and orthogonal complement of a closed subspace M of H, respectively. We denote by o(T), ||T|
and W(T), the spectrum, norm and numerical range of T, respectively.

Two operators A € B(H) and B € B(K) are said to be similar (denoted A ~ B) if there exists an invertible
operator N € B(H,K) such that NA = BN or equivalently A = N *BN, and are unitarily equivalent
(denoted by A ~ B) if there exists a unitary operator U € B4 (H,K) (Banach algebra of all invertible operators
in B(H)) such that UA = BU (i.e. A = U*BU, equivalently, A = U~'BU). In this case, we can then view A
and B as abstractly the same operator. Any (basis-free) geometric or algebraic property of A is automatically
inherited by B. Two operators A € B(H) and B € B(K) are said to be metrically equivalent (denoted by
A" B) if ||Az|| = || B=||, (equivalently, \(Aa:,Ax)ﬁ = \(Bx,Bw)\% for all z € H or A Bif A*A = B*B. (cf.
1]).

Two linear bounded linear operators A and B are said to be nearly-equivalent(denoted by A = B) if A*A

and B* B are similar and are unitarily-quasi-equivalent (denoted by A e B) if there is a unitary operator
U such that A*A = UB*BU*(see [2]). An operator T is said to be nearly normal if T*T = ATT*A™", where A
is an invertible operator (cf. [3]). Two operators A and B in B(H) are said to be almost similar (denoted by
A 0 B) if there is an invertible operator N such that A*A = N™!(B*B)N and A* + A = N"Y(B* + B)N (cf.
[4],[5]). Two operators A and B in B(H) are said to be almost unitarily equivalent (denoted by A “~° B)
if there is a unitary operator U such that A*A = U*(B*B)U and A* + A = U*(B* + B)U(cf. [6]). The proofs
that unitary equivalence, similarity, quasi-similarity, metric equivalence and almost similarity are equivalence
relations on B(H) have appeared in [5],[7] and [8].

Remark. Note that two operators are said to be equivalent if they are ”close” to each other in some sense.
Two operators are almost similar if the squares of their absolute values are similar and their real parts are similar.

An operator T' € B(H) is self-adjoint if 7% = T'; an isometry if 7T = I; a co-isometry if TT* = I, a partial
isometry if TT*T =T or if T*T = P, where P is an orthogonal projection; unitary if 7T = TT* = I; normal
if T*T = TT*; quasinormal if T(T*T) = (T*T)T (see [9], [10], [11], [12], [13]).

Recently, a number of authors (see [7], [8]) have continued to characterize this relation and closely related
relations of operators. This has led to a deep understanding of the spectral properties of operators contained in
these classes.

To set the stage, we first need some basic facts.
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2 Preliminary Results

Proposition 2.1 ([13], Proposition 1.5). If A,B € B(H) such that A %° B and B is hermitian, then A is
hermitian.

It is clear that unitary equivalence and almost unitary equivalence of operators imply almost similarity of
operators.

Proposition 2.2 ([1], Corollary 2.27). If A, B € B(H) are normal operators which are similar, then they are
unitarily equivalent.

Proposition 2.3 ([5], Proposition 1.3). If A, B € B(H) such that A *C B and if A is hermitian, then A and B
are unitarily equivalent.

Proof. By assumption there exists an invertible operator N such that A*A = N™'(B*B)N and A* + A =
Nﬁl(B* + B)N. Since A is hermitian and

A X B, by Proposition 2.1 it follows that B is hermitian. Using this fact, the second equality above becomes
A = N7'QN. This means that A and B are similar. We have now shown that these operators are both
hermitian and are therefore normal. The claim follows by application of Proposition 2.2.

Corollary 2.1. If A, B € B(H) such that A" B and if either A or B is hermitian, then A and B are unitarily
equivalent.

Proof. The proof follows easily from Proposition 2.3.

Proposition 2.4. Let A and B be bounded linear operators on a finite dimensional Hilbert space H. Then A is
similar to B if and only if dim(Ker(A — X)*) = dim(Ker(B — M\)*) for all A € C, k > 1.

Proposition 2.5 says that A is similar to B if and only if A and B have the same eigenvalues with the same
algebraic and geometric multiplicities.

Remark. Almost similarity of operators A, B € B(H) can be defined in terms of squares of their absolute values
and their real Cartesian parts. Two operators are almost similar if the squares of their absolute values are similar
and their real parts are similar. That is, two operators A and B in B(H) are said to be almost similar (denoted
by A ®7 B) if there is an invertible operator N such that |A|* = N7*(|B|*)N and Re(A) = N~*(Re(B))N.

Clearly, unitary equivalence implies almost similarity on B(H).

3 Main Results

Theorem 3.1. Almost similarity, near equivalence and unitary-quasi-equivalence relations are equivalence
relations on B(H).

Proof. The proof that almost similarity and unitary-quasi-equivalence are equivalence relations follows from

proof of ([5], Theorem 2.1 and [2], Theorem 2.1). The proof that near equivalence is an equivalence relation
follows from the definition and that of unitary-quasi-equivalence.

Theorem 3.2. Let P and Q be orthogonal projection operators on a Hilbert space H. Then the following
statements are equivalent.
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(a). P and Q are almost similar.
(b). P and Q are similar.

(c). P and Q are unitarily equivalent.

Proof. (a)= (b): Suppose that N is an invertible operator such that P*P = N~ (Q*Q)N and P* 4+ P =
N7YQ* + Q)N. Since P and Q are orthogonal projections, a simple computations shows that these two
equalities both collapse to the equality P = N"1QN.

(b)= (a): Suppose P = N™'QN for some invertible operator N € B(H) and orthogonal projections P and Q
in B(H). By the idempotence of P and Q we have that P? = N"'Q?*N. By the self-adjointness of P and Q, we
also have P*P = N~ 1(Q*Q)N. The other equality follows from the fact that P* + P = 2P = 2N~ }(Q* + Q)N,
which upon simplification becomes P* + P = N~*(Q* + Q)N.

(b)= (c): follows by the fact that similar normal operators are unitarily equivalent.

(c)= (a):s trivial.

Remark. Theorem 3.2 says that for orthogonal projection operators of the same rank on a Hilbert space H,
the notion of almost similarity coincides with that of similarity and that of unitary equivalence. This result may
fail for other classes of operators.

Theorem 3.3. Almost unitary equivalence implies almost similarity on B(H).

Proof. The proof follows from the definition of both relations.

Theorem 3.4. If A, B € B(H) are similar normal operators, then they are almost similar.

Proof. Suppose B = X 'AX. Since A and B are similar normal operators, by Putnam-Fuglede Theorem([14],
Theorem 1 and [15], p. 315, [12], [16]), they are unitarily equivalent. That is, there is a unitary operator U such
that B = U AU. A simple calculation shows A*A = U*(B*B)U and A* + A = U*(B* 4+ B)Uand, that is, A
and B are almost unitarily equivalent and hence almost similar by Theorem 3.3.

Remark. Note that similarity of A and B need not imply similarity of A* A and B* B or metric equivalence of A
and B (unless both A and B are normal operators). Thus similarity of any two operators need not imply almost

01 0 01 0
similarity or metric equivalence of the operators. Let A=| 0 0 1 andB=1| 0 0 2 |. Then A and
0 0 0
0
0
1
2

0
) implementing the similarity. However, a simple

o = O

1
B are similar non-normal operators, with X = 0
0

0 0 0 0 O

calculation shows that A*A=1{ 0 0 #* 0 1 0 = B*B. It is also clear from the computation
0 1 0 0 4
T

o~ O

that A*A and B* B are not similar and therefore A and B cannot be almost similar.
Similarity preserves those properties of operators which are algebraic in nature: spectra, multiplicity of eigenvalues
and nullity. Note that if A and B are similar, then dim(Ker(A)) = dim(Ker(B)). This does not necessarily

mean that they have equal kernels. The only properties of operators that survive almost similarity conjugation
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are: multiplicity, etc.

A= ( 8 ? > and B = ( 8 i ) are similar but Ker(A) # Ker(B). However, a simple calculation shows

they have the same nullity.
Question. Does almost similarity preserve spectra of operators?

We show that the only properties of operators that survive almost similarity conjugation are multiplicity, etc.
Spectra is not invariant under this relation.

The following result gives conditions under which almost similarity preserves spectra.

Theorem 3.5. If P and Q are almost similar projections, then they have the same spectrum.

Proof. By Theorem 3.2, P and @ are similar and hence have the same spectrum.
This also follows from the fact that similar normal operators are unitarily equivalent.

Theorem 3.5 can be extended to almost similar self-adjoint operators.
Proposition 3.1. If A and B are self-adjoint operators which are almost similar then o(A) = o(B).

Proof. Suppose A* = A, B* = Band A*A = N"}(B*B)N and A*4+ A = N™'(B* 4 B)N. A simple calculation
using the second condition shows that A = N !BN. That is A and B are similar and therefore have equal
spectrum.

Theorem 3.6. If T and S are almost similar, then so are T* and S™.
Corollary 3.7. If T and S are almost similar, then so are T*T and S*S.

Corollary 3.8. If T and S are almost similar, then so are the defect operators Dr = /I —T*T and Ds =
VI —5*S.

The above result also tells us that if two operators are almost similar, then they have the same index. The
converse is, however not true. The unilateral shift S and the identity operator I on £*(N) have index 0. That is
ds = dr = 0, but these two operators are not almost similar.

Theorem 3.9. If T and S are unitarily equivalent operators, then so are T™ and S™, for any positive integer
n.

Proof. Unitary equivalence of T' and S implies the existence of a unitary operator U such that T = U*SU. A
simple computation shows that T" = U*S"U.

Corollary 3.10. IfT and S are unitarily equivalent normal operators, then so are T"™ and S™, for any positive
integer n.

Proof. The proof follows the normality of 7" and S and an application of Theorem 3.10.
Remark. Note that if A and B are almost similar with an invertible operator X implementing the almost

similarity, then by mathematical induction on n € N we have that (A*A)™ = N™'((B*B)")N and (A* 4+ A)" =
N=Y((B* 4+ B)")N (cf. [17]).
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Corollary 3.11. If T and S are unitarily equivalent normal operators, then T" and S™ are almost similar, for
any positive integer n.

Proof. Normality together with unitary equivalence of T' and S and mathematical induction on n € N imply
that T°"T" = (T*T)" = U*((S*S)")U = U*(S*™"S™)U and T*" + T" = U*(S*™™ + S™)U.This proves that T
and S™ are almost unitarily equivalent and hence almost similar by Theorem 3.3.

Question. Does almost similarity of S and T imply almost similarity of S*S and T*T'?
Theorem 3.12. Almost similarity of S,T € B(H) implies almost similarity of S*S and T*T.

Proof. Let Q = S*S and A = T*T. Almost similarity of S and T implies the existence of an invertible operator
N such that @ = N"'AN and §* +S = N~ (T* +T)N. A simple computation shows that Q*Q = N~ (A*A)N
and Q* + Q= N7'(A* + A)N. This proves the claim.

We note that almost similarity of S*S and T*T does not necessarily imply almost similarity of S and T. A good
example is the unilateral shift S and the identity operator T' on £*(N), which are not almost similar although
S*S and T*T are almost similar.

Question. When does almost similarity of S*S and T*T imply almost similarity of S and T'?

Theorem 3.13. S*S is almost similar to T*T if and only if S and T are almost similar projections.
Corollary 3.14. S*S is almost similar to T*T if and only if S and T are similar projections.

Proof. The proof follows from Theorem 3.14 and Theorem 3.2.

Example. The operators A = diag(1,1,0) and B = diag(1,0,1) are similar projections, with similarity
2 -3 0
isomorphism N = 0 0 —1 . It is easily verified that A*A = A and B*B = B are similar operators.
-1 -1 o0
An operator T' € B(H) is said to be positive if it is self-adjoint and (T'z,z) > 0 for all z € H. An operator
T € B(H) is said to be quasi-unitary if 7"T = TT* = T* + T. The class of quasi-unitary operators was
introduced by Phadke etal [18] . The class of unitary operators and that of quasi-unitary operators are
disjoint subclasses of the class of normal operators. A simple calculation shows that if T is quasi-unitary,
then o(T) C {0,2}. By definition, this class does not contain the identity operator. Indeed, every quasi-unitary
operator is similar to a diagonal operator with either 0,2 or a combination of both on the main diagonal. Indeed,
an operator T is quasi-unitary if it is normal and that 7T = T + T. An operator T is called a #-operator if
T*T and T*+T commute. Clearly, every quasi-unitary is a 6- operator. The class of - operators was introduced
by Campbell[19].

Proposition 3.2. Every quasi-unitary operator is a positive real scalar multiple of a non-trivial projection
operator.
Theorem 3.15. T € B(H) is quasi-unitary if and only if I —T is unitary.

Proof. Suppose T is quasi-unitary. Then (I —T)*(I = T)= (I —T)({ —T)* = I. Therefore I — T is unitary.
Conversely, suppose I — T' is unitary, then

I—-(T+TH+T'T=1-(T"+T)+TT" = 1.
Simplifying the equation, we have that T*T = TT* = T + T*. This establishes the claim.
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Proposition 3.3. If T is a quasi-unitary operator then T™ is also quasi-unitary.

Theorem 3.16 ([20], Theorem C). If T is a 60- operator, then there exists some normal operator N such that
T*"T=N*N and T+T*= N+ N~.

Corollary 3.17. Every 0- operator is almost similar to a normal operator.
Proof. The proof follows from Theorem 3.19.

Corollary 3.18. If A and B are almost similar quasi-unitary operators then A* and B* are almost similar
quasi-unitary operators.

Proof. Since A and B are quasi-unitary, by Theorem 3.7 and Proposition 3.18, A <" A* and B *” B*. Therefore
A ®’ B implies that A* %’ B*. The rest of the claim follows from the fact that the adjoint of a quasi-unitary
operator is also a quasi-unitary operator.

There exist non-normal similar operators A, B € B(?) that are not almost similar but A*A and B* B are almost
similar.

Example. The operators A = ( (1) 8 ) and B = ( 8 (1) ) are non-normal, similar partial isometries on

H = R? which are not almost similar, with X = ( 0 1 ) implementing the similarity of A and B and

1 0

Y = ( 701 _01 ) implementing the almost-similarity of A*A and B*B.

Remark. The class of operators Q, = {T € B(H) : T * T*} for which T and T* are almost similar is more
general than the class N = {T € B(H) : T*T = TT"*} of normal operators. It contains all partial isometries and
invertible quasinormal operators. However, the class M. = {T € B(H) : T*T = TT"} of operators for which T
and T are metrically equivalent coincides with the class of normal operators.

Theorem 3.19 ([20], Theorem C). If T € B(H) is a 0- operator, then there exists some normal operator N
such that T*T = N*N and T+ T* = N+ N*.

Corollary 3.20. Every 6- operator T' € B(H) is almost similar to a normal operator.

Proof. The proof follows from Theorem 3.22.

From Theorem 3.22, every 6- operator is metrically equivalent to and hence near equivalent to a normal operator.

LetT:( i 0

0 i ) A simple calculation shows that T is normal and that T* +7T = 0. Thus T is a 6- operator.

Remark. Note that for all z € H, |||T|z| = ||Tz||.
2
Proof. H |T\xH = (| Tz, |T|z) = (|T|?2,z) = (T*Tx,z) = (Tx, Tx) = |Tz|>

Remark. We note that ”unitary equivalence to an isometry” is the same as ”metric equivalence to a unitary”.
Proof. Suppose A is an isometry and B = U"AU. Then B*B =U"A"AU =U*U = 1.

3.1 Metric, similarity and almost-similarity orbits

The metric orbit of an operator T' € B(H) denoted by 9.(T") is the class of operators metrically equivalent
toT. That is, M(T) ={B € B(H): B"B=T*T} ={B € B(H) : ||Bz|| = ||Tz||, for all z € H}.
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Clearly, 9. (T') is a non-empty set, since it contains 7". It is also clear that the metric orbit of an isometry 7'
consists of isometries S such that Re(S) and Re(T') are similar.

The following two results are immediate consequences of the definition of metric orbit.
Theorem 3.21. Let A,B € B(H). Then B € M(A) if and only if B =V A, for some isometry V.

Proof. Suppose B € M(A). Then B*B = A"A = A*(V*V)A = (VA)*(VA). This implies that B = VA,
where V' is an isometry. Conversely, suppose B = V A, for some isometry V. Then B*B = (VA)*(VA) =
A*(V*V)A = A" A and therefore B € M. (A).

We note that the isometry V in Theorem 3.24 need not be invertible.
Theorem 3.22. Let A,B € B(H). Then A and B are metrically equivalent if and only if Me(A) = M (B).
Proof. If A and B are metrically equivalent then by definition

M(A) ={T € B(H): T"T = A*A} = {T € B(H) : T*T = B*B} = M.(B).

Conversely, suppose M. (A) = M.(B). Then for every E € M.(A) there is an F' € M.(B) such that E*E = F*F
and vice versa. But A € M.(A) and B € M.(B). Since the E € M.(A) was arbitrarily chosen, without loss of
generality, we let £ = A and F' = B. This proves the claim.

Example 3.23.

b
d

Let A= ( 8 2 ) on H = C2. Then a simple computation shows that T' = ( Z

if a =c=0 and |b]* + |d|* = |o|?>. Therefore

M, (A) = {( 8 Z ) B + |d)® = |a\2}.

ii) (o 0 ) 0 +5
) ; ? 1 ’
0 0 =+ 0 iﬁ
1 1 ; )
0+ 0+ 0 H(5+750 ) (0 =G+ i) )
0 :I:ﬁ s 0 iﬁl ) 0 0 ’ 0 :t(§+§1) )

Question 1. Which classes of operators is similarity, almost-similarity the same as metric equivalence?

) is in M. (A) if and only

o O

H H
S5
N——

To answer this question, we introduce the similarity and almost-similarity orbits §(1") and &.(T'), of a
bounded linear operator T, respectively:

6(T)={B € B(H): B=X'TX, X € B(H) invertible}

Gu(T)={Be€ B(H): B*B=X"YT"T)X and B*+B=X '(T*"+T)X,X € B(H) invertible}.

We note that in general neither of these sets needs to be closed. We denote the corresponding (norm) closures
of these sets as &(T") and &,(T'), respectively. In infinite dimensions &(T) is closed if and only if T is similar
to a normal matrix (see [21], Corollary 2.3).
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Example 3.24.

For any € > 0, the operator A = ( 8 8 ) is similar to B = ( 8 (1) ) and clearly T = ( 8 8 ) € 6(B),

but T ¢ &(B). Note also that A € M. (B) if and only if e = 1 and that T & M.(B).

Remark. A closer look in Example 3.27 shows that the only operator similar and metrically equivalent to A is
A itself. That is, M.(A) N S(A) = A.

Proposition 3.4. Let P € B(H) be an orthogonal projection, then
(a). M(P) C S(P).
(b). M(P) C &o(P).
(c). G.(P) =6&(P).

Proposition 3.5. Two operators A and B on a Hilbert space H are similar if and only if &(A) = &(B).

Proof. A and B similar implies existence of an invertible operator X such that A = X 'BX. Thus
6(A) = {FEBH):F=X'4AX} = {FeBH):F=X'(X"'BX)X}

{FEB(H): F=W™'BW, W =X?%}

- &(B).

Conversely, suppose that G(A) = &(B). Then by definition of set equality (Principle of Extensionality), every
E € &(A) belongs to &(B) and vice versa. That is, E = X ' FX, for some F € &(B). But trivially, A € G(A)
and B € G(B). Without loss of generality, letting E = A and F = B establishes the claim.

Proposition 3.6. Two operators A and B are almost-similar if and only if So(A) = G4(B).

Question 2. What is the structure of G,(A) and Mc(A) for a given A € B(H) ¢
Every T € B(H) admits a Cartesian decomposition as T = Re(T) + ¢Im(T), where Re(T) = TJ“TT* and

Im(T) = T;Z.T* are the real and imaginary parts of T, respectively.

Lemma 3.25. If T € B(H) is an isometry, then 6,(T) = {S € B(H) : S*S =1 and Re(S) ~ Re(T)}.

Proof. Let T be an isometry. Then

Gu(T) ={S € B(H):S*S = XY T"T)X and S*+ S =X T"+T)X,X € B(H) invertible} = {S €
B(H):8*S=1 and S*+S=XHT*"+T)X,X € B(H) invertible} = {S € B(H):5*S =1 and 2Re(S) =
X"Y2Re(T))X, X € B(H) invertible} = {S € B(H): S*S =1 and Re(S) ~ Re(T)}.

1 0

Example. Let T' = ( 0 i

> be an operator acting on H = C?. Clearly T is an isometry and has a Cartesian

0 0 0 1
So, 64(T) ={S€B(H):5"S=1I and Re(S)~ (

decomposition as T = Re(T) + iIm(T) = ( 10 )+z< 0 0 )

1 0

0 0 )} That is, the almost similarity orbit of T consists

of all isometries S acting on H = C? whose real parts are similar to ( é 8 ) An isometry like S = ( (1) (1) )
P . . 10 1 0
does not belong to the almost similarity orbit of T since Re(S) = < 0 1 ) # ( 0 0 ) = Re(T).

249



Luketero et al.; Asian J. Pure Appl. Math., vol. 6, no. 1, pp. 241-252, 2024; Article no.AJPAM.1649

Lemma 3.26. If T € B(H) is a self-adjoint isometry(ie unitary), then &,(T) = {S € B(H) : S*S =
I and Re(S) ~T}.

Proof. By the self-adjointness of T', we have that Re(T) = T. The rest of the proof follows from Lemma 3.31.

0 0 1 1
that A and B are unitarily equivalent (hence similar), metrically equivalent and almost unitarily equivalent(
hence almost similar). So, in this case, §(A) = &(B), M(A) = M (B) and S,(A) = &,(B), with the similarity
0 1
1 0

Example. Let A = ( 11 ) and B = ( 00 ) be operators acting on % = C2. A simple computation shows

and almost similarity being implemented by the unitary operator X =

It is easy to verify that for these two operators that

1 1

Sa(A) {SEB(H):S*S~< L] ) andRe(S)~( 1 i >}

{SGB(H):T*TN( 1 i) andRe(T)N( 1 1 )}

= S.(B).

4 Discussion and Conclusion

The notion of equivalence( unitary equivalence, similarity, metric equivalence, almost similarity and so on)
of operators in Hilbert spaces is applicable in ”equivalence checking” in the design of Boolean or digital
circuits. This is the problem of checking/proving that two given combinational circuits F’ and G are functionally
equivalent- that is checking whether two given circuit descriptions specify the same behaviour(cf. [22]). This
takes the form of deciding if given two representations dy and dy of two Boolean functions acting on the Boolean
algebra/Boolean n-space or ”switching algebra” ({0,1}",<), that is f,g : {0,1}" — {0,1}", whether the
functions f and g are equal, that is, f(a) = g(«) holds for all « € {0,1}". Equivalence can also be used to check
for functionally equivalent states and functionally equivalent finite state machines(FSM)(cf. [22]).

Disclaimer (Artificial Intelligence)

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT,
COPILOT, etc) and text-to-image generators have been used during writing or editing of this manuscript.

Acknowledgement

The authors sincerely wish to thank referees for useful comments and suggestions during the writing of this
manuscript. The authors also pay tribute to the Eastern Africa Universities Mathematics Programme
(EAUMP)/ICTP/ISP and the University of Nairobi for funding this research.

Competing Interests

Authors have declared that no competing interests exist.

250



Luketero et al.; Asian J. Pure Appl. Math., vol. 6, no. 1, pp. 241-252, 2024; Article no.AJPAM.1649

References

[1] Nzimbi B. M., Pokhariyal G. P. and Moindi S.K. A note on metric equivalence of some operators. Far East
J. of Math. Sci.(FIJMS), 2013; 75, No.2:301-318.

[2] Nzimbi B. M. and Luketero S. W. On unitary quasi-equivalence of operators. Int. J. Math. and Appl.,2020;
8(1):207-215.

[3] Othman Sadoon Ibrahim. Nearly equivalent operators. Math. Bohem.,1996; 212(2):133-141.

[4] Jibril A. A. S. On almost similar operators. Arabian J. Sci. Engrg., 1996; 21:443-449.

[5] Nzimbi B. M., Khalagai J. M. and Pokhariyal G.P. A note on similarity, almost similarity and equivalence
of operators. Far East J. Math. Sci.(FMJS),2008; 28(2):305-317.

[6] Jibril A. A. S. On almost unitarily equivalent operators. Arab Gulf J. Scient. Res.,1993; 11(3):295-303.

[7] Musundi S. W., Sitati I. S., Nzimbi B.M. and Murwayi A. L. On almost similarity operator equivalence
relation. International J. Math. Archive,2013; 15(3):293-299.

[8] Sitati I. S., Musundi S. W., Nzimbi B. M. and Kikete D. W. A note on quasi-similarity of operators in
Hilbertspaces. International J. Math. Archive, 2015; 6(7):49-54.

[9] Aliprantis CD, Abramovich YA. An invitation to operator theory: Graduate studies in Mathematics.
American Mathematical Society, Providence, Rhode Island. 2002; 50.

[10] Embry M. R. Conditions implying normality in Hilbert spaces. Pacific J. Math. 1966;18:457—460.

[11] Faber V., Manteuffel Thomas A. and Parter Seymour V. On the theory of equivalent operators and
applications to the numerical solution of uniformly elliptic partial differential equations. Advances in Applied
Mathematics. 1990; 11:109-163.

[12] Furuta T. Invitation to Linear Operators: From Matrices to Bounded Linear Operators on a Hilbert Space.
Taylor Francis, London, 2001.

[13] Halmos P. R. A Hilbert Space Problem Book. Springer-Verlag, New York, 1982.

[14] Putnam C. R. On normal operators in Hilbert space. Amer. J. Math.,1951; 73(2):357-362.

[15] Rudin W. Functional Analysis, 2nd ed., International Series in Pure and Applied Mathematics. McGraw-
Hill, Boston, 1991.

[16] Luketero S. W., Rugiri P. G., and Khalagai J. M. On quasisimilarity and Putnam-Fuglede property in
Hilbert spaces. Mathematical Theory and Modeling, 2014 ; 4, No. 14:127-130.

[17] Majeed A. H. A. and Shaakir L. K. -almost similar operators. Tikrit J. of Pure Science, 2019; 24(5):80-85.

adke S. V., asbardar S. K. an akare N. K. On operators. Ind. J. Pure Appl. Math, ;

18] Phadke S. V., Khasbardar S. K d Thakare N. K. On QU Ind. J. P Appl. Math,1977
8:335-343.

[19] Campbell S. L. Linear operators for which TT and T + T commute. Pacific J. Math. 1975;6(1):53-57.

[20] Kato Yoshinobu. Some examples of -operators. Kyushu Journal of Mathematics, 1994; 48:101-109.

251



Luketero et al.; Asian J. Pure Appl. Math., vol. 6, no. 1, pp. 241-252, 2024; Article no.AJPAM.1649

[21] Herrero D. A. Approximation of Hilbert space operators I. Pitman Research Notes in Mathematics,
Longman Scientific and Technical, Second Edition, Harlow, New York; 1989.

[22] Molitov P. and Mohnke J. Equivalence checking of digital circuits: Fundamentals, Principles, Methods.
Kluwer Academic Publishers, Dordrecht, 2004.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s)
and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for any injury

to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here (Please copy paste the total link in your browser address
bar)

https://prh.globalpresshub.com /review-history/1649

252


http://creativecommons.org/licenses/by/4.0
https://prh.globalpresshub.com/review-history/1649

	Nzimbi612024AJPAM1649 - Copy.pdf (p.1)
	Nzimbi612024AJPAM1649.pdf (p.2-12)
	Introduction
	Preliminary Results
	Main Results
	Metric, similarity and almost-similarity orbits

	Discussion and Conclusion


