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Abstract -The mathematical model of information technology of transfer fuzzy information by quantum
communication channel has been developed in the article. It provides absolute protection of transfer fuzzy information. The
basically absolute protection is quantum teleportation. Fuzzy information is fuzzy variable. Mathematical description of
fuzzy variables is membership function. Quantum information are quantum fuzzy variables. Mathematical description of
quantum fuzzy variables is wave function. Mathematical models of transform fuzzy information to quantum fuzzy
information are unitary matrix. Unitary matrix are noncommutative multiplicative group. Quantum communications are
multiplicative unitary matrix on the wave function. Communications quantum channel are noncommutative group unitary
operators. Mathematical description of quantum teleportation are not presentation tensor multiplication unitary operators.
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O.A. TIACTVYX

TepHominbChKHil HalliOHANBHUIT TeXHIUHUH yHiBepcuTeT imMeHi LITymos

MATEMATHYHE 3ABE3INEYEHHS IHOOPMAIIIMHOI TEXHOJIOI'Ti HEPEJAYI HEYITKOI IHOOPMAIITI
MO KBAHTOBOMY KAHAJILY 3B’SI3KY

Y cmammi 3anponoHosaHo mMamemamuyHe 3abe3nedyeHHs iHPopmayiliHoi mexHoao2ii nepedaui Heuimkoi iHPopmayii no
K8AHMOBOMY KAHANY 38°513KY 3a 00NOMO20t0 K8AHMO080oi mesienopmayii.
Karuosi crosa: mamemamuyuHe 3a6e3neqerHs, iHpopmayilina mexHo102is, KéaHMosa mesenopmayisi.

Beryn

Constant growth of information volumes causes requirements to use new technologies for transmission
over computer networks. While there are requirements for speed and reliability of information transmission. Such
requirements are made in particular to the specific type of information — fuzzy information.

Among the new information technologies of information transfer, which are developing rapidly, there are
quantum information technologies.

Because of quantum teleportation has almost a commercial level in quantum information technologies of
information transfer, it is logical to try to use it for the transfer fuzzy information through a quantum communication
channel. This idea is interesting for the reason that quantum teleportation provides absolute protection of transferred
information.

But quantum teleportation in particular, as every information technology, is based on some mathematical
providing. Today the development of mathematical software of information technology of fuzzy information
transfer through a quantum communication channel with help of quantum teleportation is a separate scientific
problem. This article discovers such scientific question.

Quantum teleportation as information transmission method was first considered by Einstein, Podolsky and
Rosen. However, for the first time quantum teleportation experimentally has been implemented by the Austrian
group of scientists headed by Zeilinger in 1998. Later experimental implementation of quantum teleportation was
carried out in different years by different scientific groups of academic institutions around the world.

The aim of the article is to offer mathematical software for information technology of fuzzy information
transfer.

Statement of the problem is to develop mathematical software of information technology of fuzzy
information transfer through a quantum communication channel.

The main part

An important component of information technology for information transfer is mathematical software. The
mathematical software generates the potential for effective and reliable information transmission through
communication channels. All this applies to the case of fuzzy information, if it is passed through a quantum
communication channel.

Various quantum information technologies are used for information transmission through a quantum
communication channel. Among these quantum information technologies there is a quantum teleportation.

In order to fully use the features of quantum teleportation as information technology for the transmission of
fuzzy information through a quantum communication channel, we need to develop software that uses a particular
type of quantum information named quantum vague information. A mathematical representation of quantum fuzzy
information is given in the work [1]. [1] shows that the quantum fuzzy information is presented by quantum fuzzy
information gfa that uniquely and fully is specified by wave function w4z, .

Let fuzzy information is presented by fuzzy data fa that clearly and fully is defined by its membership
function 7 4, (x).
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Coding U g, o, of fuzzy data fa in quantum fuzzy data gfa can be performed by the consecutive actions

of the operators H and U (thatis, U g, ¢, = U-H ), which matrices have according type:

(Y2 /2 B L(x1) 1 g(x2)
H_(l/x/? —1/\/5} U_(Ifa(XZ) —Ifa(n)]'

Thus, acting on an initialized state of the quantum information vehicle (quantum bit) by operator U
fa—qfaits state conforms the quantum fuzzy datagfa that is already possible to be teleported directly.

Teleportation of quantum fuzzy data gfa, that is contained in quantum bit, is followed in the way. First, quantum

fuzzy information is denoted as “//qfa> =1y (xl )ei(p“ |O> +1 gy (x2 )ewﬂ |1> .
Let there is tangled pair of quantum bits in a Bell state, that is ‘1// bell Sm,e> = %ﬂ 00) + |1 1>) .

One of tangled quantum bits is the point of departure of quantum fuzzy information ‘l//qfa >, and the second
is in its reception.

General state of system — a quantum bit in the status ‘t//qﬁz>and tangled pair of quantum bits in a
state “//bell state> —is:

lvo) :‘!//qfa>®‘l//be]] S,a,e> =%(lfa(x1)e"‘/’a |0) (|00)+|11))+Ifa(xZ)ei¢ﬂ 1) (|00)+|11))),

where ® — the tensor product.
Then we follow actions that implement the process of teleportation. Acting by operator CNOT on the state

w0, it becomes a state |y ) = %(Ifa (x) e |0) (|00>+|1 1>)+ 1 (2 )ei(pﬂ 1) (|10> +|Ol>)j , if quantum bit in a

state ‘ '/’qfa> is the managing and quantum bit of tangled pair in the point of departure of quantum fuzzy information

is managed.

Then, acting as the operator H on the quantum bit in a state ‘y/qfa > |y1) turns to the state:
w2y = (ke (0)+ 1) (00) 11} w27 (J0) =) (10} + 1) =
= 5{ 1001tk )+ 1o 1) o) 102”0 e 1)
01 o) 0) 22 1)) 1) 22 0) 2 ) ).

|1//2> shows that the quantum bit of tangled pair in reception of quantum fuzzy information is located in

one of the states:
1) =1 (x1 Je'?e |0)+ Ifa(xz)ewﬁ ), 72) =14 (x)e"?” |0)+1 4, (x1 Je'?e 1),
|73) =1 2 (1 )™ |0) =1 7 (2 )e PP 1), [ Fa) = =1 a (x2)e' PP [0) + 1 g (xy e % [1)
each of which must be turned into quantum fuzzy information transmitted ‘ ‘//qfa>

Then the result of measuring of the state of the quantum bits in the point of departure of quantum fuzzy
information is transmitted to the receiving point for quantum fuzzy information through classical communication
channel.

If the dimension has given a result |OO> , the status |;z71> of a quantum bit of tangled pair in reception of
quantum fuzzy information corresponds teleported quantum state ‘l//qfa> .

If f|01> , then Pauli operator X affects on a state |l/72>of quantum bit of tangled pair in reception of

i
X=
1 0
After that, its status matches teleported status:
X|ya) = X(Iﬁz (x2)e' 7 |0) + 1 1 (xy Je'#= |1>) =1 4y (1) P [0) + 1 1 (32 ) 77 [1) = "/’qfa> :

quantum fuzzy information, which matrix is following
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If —|10> , then operator Pauli Z affects on the state |1/73> , which matrix has the form:

o)
Z= .
0 -1
Therefore, the status matches teleported status:
275) =2[ 172w [0) -1 (02} 1) | = 1 () 0)+ 1102267 1) =)

If f|1 1), then Pauli operators X and Z affect consistently on the status |1/74> In consequence of this, the

state of quantum bit of tangled pair in reception of quantum fuzzy information corresponds teleported status:
@ X)74) = 22X~ L2 7 0+ 1 1 )e 2 1)) = 1) % [0+ 127 1) <[

where o— is the operation of composition of operators.
Thus, in the reception there is a quantum bit, the status of which corresponds to a quantum fuzzy

information that is transmitted ‘V/qfa> .

This means that quantum fuzzy information through a quantum communication channel has been
transferred with help of quantum teleportation.
Then decoding of quantum fuzzy data in fuzzy data gfa into the fuzzy data fa that is inverse

transformation of quantum fuzzy information in vague information.

The above results are mathematical software of information technology of fuzzy information transfer
through a quantum communication channel with help quantum teleportation, on the basis of quantum fuzzy
information.

Conclusions
The mathematical software of information technology of fuzzy information transfer through a quantum
communication channel with the help of quantum teleportation has been developed in the article that allows to
organize reliable protection
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