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Abstract:- The present research article discuss a
mapping scheme from the subsets of the complex Matrix

space M. (C) characterized by set of Global Mass
factor and Global Alignment factor, denoted as
M(r,c), to the subset of the Matrix space M, ,(C)

which consist of all Hermitian, unit trace, positive
definite and positive semi definite matrices of order 2,

denoted as SA[MZX2 (C)]. The Mathematical formalism

is presented and illustrated through appropriate
Numerical examples.
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Notations

e M_ . (C) denotes the Complex Matrix space of
Matrices of order m by n
e M,,(C) denotes the Complex Matrix space of

Matrices of order 2
e R(A) denotes the Global Mass Factor associated with

the matrix A,

e C(A) denotes the Global Alignment Factor associated
with the matrix A,

e R,(A) denotes the Effective Global Mass Factor

associated with the matrix A,

o |C| denotes the modulus of the complex number C
. {|e1>,|e2>,....,|em>} denotes the standard Orthonormal
basis in C™ and {| ] )0 fn>} denotes the

standard Orthonormal basis in C"
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C* denotes the complex conjugate of the complex
number C

e R*(R) denotes the Real vector space of all real 3-
tuplets

. |§| denotes the magnitude of the real vector & |,
£eR*(R)

o X" denotes the Hermitian conjugate of the matrix X

e M(r,c) Is a subset of the Complex Matrix space

M,...(C), characterized by the numerical values of the

Global Mass factor and Global alignment factor, r and
C , respectively.
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, 24, 2,,%, are the Pauli Matrices of order 2

_V1 -
Y,

o . )
,<\/|:[V1 V .. Vp]1XD’B:[b‘Jpxp'<V|B|V>:':1 =

l. INTRODUCTION

The present research article attempts to study the
utility of subsets M (r,C) of the complex matrix space

M,.,(C) which are characterized by the ordered pair

corresponding to the Global Mass and Global Alignment
factors, in context of the mathematical structures of
relevance in Quantum Information theory and related
disciplines. In this article a Mapping scheme is presented
that allow us to associate every element of the given subset

M(r,c) with a Hermitian, unit trace, Positive
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definite/Semi definite matrix belonging to the subset
S[M,,,(C)] of the Matrix space M,_,(C), which has

interpretation as Quantum state (Density Matrix) description
of a Qubit in Quantum Information theory. This Mapping
scheme is so formulated that the individual matrix elements,
through their modulus and phase factors play a composite
role in determining the Global and Effective Global mass
factors and Phase term interrelationships, which in turn
determine the diagonal and off diagonal elements of the
mapped matrix array belonging to the Matrix space

M5 (C).

1. MATHEMATICAL FRAMEWORK AND
ASSOCIATED ANALYSIS

The following results, stated in [1], are used to provide
the groundwork for the formalism described in this research
article:

> AcM, (C),A=> Y4, ) (] .

i=L j=1

a; = I,cy,

r = ‘aij ‘, G € C, ‘Cij‘ =1, we consider the following
convention that in the case of zero matrix elements of
matrix A: g; =0=r; =0,¢c; =1

m n

> R(A)=DDr,
i=1 j=1
Ro(A) =2 > 1 (1—exp(-T,))
i=1 j=1
> C(A) 11 12 Cln021C22 C """"" lesz....Cmn=HHC”—
i<l j=L

. C(A)eC,[C(A)|=LVAeM,,(C)

> M(r,.c)cM,,,(C)M(r,.c)={AeM,,.(C)|A=0,,,.R(A) =r,C(A) =c}

where we have the condition: r >0,c € C, |C| =1

where

- Ay =(ha-epn)

rozzzrij(l—exp(—l}j)) , is the numerical

i1 j=1
realization of the Effective Global Mass factor R;(A)

> —( ) where r—zz i

i=1 j=1
realization of the Global Mass factor R(A)
> 4;20,Vi=12,.m;j=12,..,n

>34

i=1 j=1

is the numerical

and we have :
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> 1; 20,Vi=12,.m;j=12,..,n and we have :
m n
22 H=1
il j=1
We define the following:
> & =CyCpy...C, . B =CiCy....Cy ,  Therefore,
& B; =CyCiy-CinC;iCyjnn oy
i=12,.m;j=12,..,n , we have:

a B €C |y =1 vi=12,..m; j=12,...n

JA (@8)

S (@)’
)- Jui (@) |
Yy @)

following:
, <(0ij ‘(Dij>:1 ,

(a0)=1

> 16,)=

therefore, we have the

Hi \ Hi (1_:uij)(aiﬂj)(aiﬂj)

H (1_:uij)(aiﬂj).(aiﬂj). (1_:uij)

i)

Where 1=1,2,.m; j=1,2,....,n

> SA[szz C)]<=M,,,(C), such that:
> §M,,(C)]={QeM,,(0)]Q" =QTrace(Q)

> p= (—)ZZ#.,\ {6, \+( )ZZ i o) (o]

i=1 j=1 i=1l j=1
, therefore, we have the following :

_ {pn P2 }
P P

ZZ i Hij Pp=1-p, =1~ (ZZ ﬂ.,

i=1 j=1 i=1 j=1

where we have:
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2 00
1.&a 2) BZX3 ={ } , we have the following Numerical
1012 = (5)22[:%]\/ (1 /11 \/luu (1 luu aﬂ )(aﬂ ) 0 O 0
i=1 j=1 Results:
> r(B)=2 c(B)=1
. l m n
Pn = Pr :(E)ZZ[IUU'\/ (A-4)+4 \/ﬂu - )@ B) (@) h(B) =2(1- exp( 2)=17208 .. (Up to 4
i=1 j=1 decimal places)
. > Ay =124,=04,=01,=04,=01,=0
Clearly, p & S[M,,,(C)] > =1L, =0, 405 =0, 415 =0, 11, =0, 41, =0
» The complete mapping scheme is described in terms of > aiﬂi =lvi=1l2...mj=12...n
the Transformation A . 10
e Transformation > A(B,)=p,., = {0 0} =|0)(0] . where
A:M(r,c)— S[M,,(C)] . such that: 1
0=
0

A(Zm:_zn:rijcij |ei><fj ‘) =

== -i 0 0
3) C,s = , we have the following

0 + O
izﬂ:iii'uii ZZ[‘UII e ”‘iﬂ Ul :uu]aﬂ (Zﬂ)

Numerical Results:
HH Lk > r(C)=2,¢c(C)=1r1,(C)=2(1—-exp(-1)) =1.2642

ZZM m M}(Q‘ ﬂi)~(a‘ ﬂj). 1_(2& ;Hj :uij) ..... (up to 4 decimal ;_:)Iaces)

i i > af=-Lap=laf=-af=lap=-Lap =+

1 1
Numerical Examples > Ay = E’ﬂn =0,43,=0,4,=0,4,, = 5,2,23 =0
10 L o0 =0 =L,
1) A2X3={O 1 O] we have the following Numerical > 'ull_2’/112_0"!13_0’”21_0"“22_2””23_0
Results: 1 l
> ACos)=pro=| 2 2 |=|+)(+]
> r(A)=2 , c(A) =1 ’ 23) = Pax2 = 1 11”7
I, (A) = 2(1—exp(-1)) =1.2642 ... (up to 4 2 92
decimal places)
b A=y =0,y =0,y =0,y = Ay =0 0 i
A R A 9 Dpa=|, + 2|, we have the following
1 1 >y
> oy =ty =0,005=0, 00, =0, 15, = -, 1,3 =0 . 2 0
2 2 Numerical Results:
> af,=LVi=12..mj=12,.
> U= (l-exp(-1)=0.6321 and

W:(%)(l—exp(— 1)=01967 .. p to 4

decimal places)
r(b)=2,c(D)=Lr,(D)=u+2w

w
111 (—— )/112 ﬂnz(m)iz ’122 ( W) 23‘0

u+2w

> ;\(A2><3) = p2><2 = = |+> <+| ! where

N N
NIk N -
|

Y

1
o

L 1
Y
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1 1
=0, 445 =Zuu21:Ouuzz :Zuuzs =0

Lo, =+, =L a,p,=1

1
> :ullzzhulz

> af=-iap=lap=

> A(szs) = =
Pr Py

, Where we have the following:

. Pn P 1
2x2_|: . 12} (2)(|2xz+512 +&,X, + &%)

2U+ 2w

4u + 8w
2U+ 6w

4u + 8w

W\/§ U+Juw+w? \/Zu

4u +8w

WA/3 — U ++/uw+w? \/_

P =Py =( AU+ 8w

..... (up to 6 decimal places)

o = ( ) = 0.404087

Py = ( ) =0.595913 ,

=-0.094158

12 =

=-0.094158

0.634407 , 0.365593 ... (up

Eigenvalues of p, , :
to 6 decimal places)

g . W3 — U +/uw +w? —/2uw

) 0
2u+4w
& —2W

E=|¢, |=(

. |£|=0.268813 , & e R*(R)

111
, we have the following Numerical

5) E2><3:|:1 1 1

Results:

> r(E)=6,c(E)=1r,(E) =6(1—exp(-1)) =3.7927
..... (up to 4 decimal places)

1 1
)l1j = (E) , My = (E)
vi=12,...m;j=12,...,n
> of;=LVvi=12,..,m j=12,..,n

N3

> [\(sz3) = Poro =

.
sl

1
6
5

6

Si& &l
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G
& 3
> £=|¢g|=| 0 |, |§]=LeR*(R)
& -2
|3
6) szs:{ili -;_I ;:} , we have the following

Numerical Results:

> r(F)=6,c(F)=1r,(F)=6(1—exp(-1)) = 3.7927
..... (up to 4 decimal places)

1 1, ...
> ﬂ"ij = (E)ULI'J = (g),Vl :1,2,....,

> aff=—apf,=+H,qf,=lLa,p =

m;j=12,..,n

1 5
. 6 18
> A(F) =Py =
2x3 2x2 _\/g E
18 6

Eigenvalues of p, , : 0.855729 and 0.144271

__\/g_
& 9
> e=|¢g, |=| 0 |, |§|=O.711458,
& -2
|3
£eR*(R)

1. DISCUSSION AND CONCLUSION

The Mapping scheme described in this research article
maps a non-zero, complex Matrix belonging to the Matrix

space M (C) , to unit trace, Hermitian, Positive
definite/semi definite

Matrices belonging to the matrix space M, ,(C),

such that both the modulus terms and the phase terms play
intricate roles in determining the diagonal and off-diagonal
elements of the mapped matrix of order 2, the modulus
terms alone determine the Global mass factor and the
Effective Global mass factor, together they determine the

weightage terms /1“- ’s and ;s and thereby, the diagonal

terms of the matrix o, , . The off-diagonal terms, are
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determined by both the weightage terms 4;’s and z; ’s as

well as the composite phase terms aiﬂj ’s, thus, the

structure of the mapped matrix array is determined by the
composite effect of the individual modulus term
contributions and phase factor interrelationships.

In the Numerical examples 1 through 4, we observe
that the matrices A, 5, B, 5,C, 5, D, 5 belong to the subset

M (r = 2,c =1) of the Complex Matrix space M, ,(C),

A, ;and szs are mapped to the same positive semi definite
matrix even though they have different phase
interrelationship structures, B, , is mapped to a positive

semi definite matrix while D, ;is mapped to a positive
definite matrix.

In the Numerical examples 5 and 6, we observe that
the matrices E,, and F,, belong to the subset

M (r =6,c=1), However, owing to differences in their

phase factor interrelationships we observe that both possess
the same set of diagonal elements but different off-diagonal

terms, such that E, ;is mapped to a positive semi definite

matrix while F,_,is mapped to a positive definite matrix. In

subsequent studies, the mapping formalism will be analyzed
in more depth to understand its intricacies and its scope of
applicability in real life Theoretical/Computational
problems.
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