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Development of hardware-software for cardiac-
monitoring systems
Heartbeat, body temperature and blood pressure are
among the most important parameters of the human body.
Medical specialists can analyze and diagnose various diseases
by measuring these parameters with the help of various
medical equipment. In this article, the process of developing a
remote cardiac-motoring system has discussed. In addition,
using the Bluetooth module an implementation of the

procedure for remote monitoring of the patient's
electrocardiogram is presented.

Keywords: ECG  system, Bluetooth  module,
microcontroller, monitoring system, AD8232 module,

electrocardiography.

STRUCTURE OF OPERATORS OF QUANTUM ALGORITHMS

Abstract: The article (paper) proposes the structure of operators of quantum algorithms, its mathematical and schematic
representation. The general structure of the universal quantum algorithm in the form of diagrams is realized in the article (paper).
The diagram presents the main elements, their properties, functions of the quantum algorithm. Each block of the schematic dia-
grams are decomposed of successive processes and stages of quantum algorithms.

Keywords: Quantum algorithm, entanglement, superposition, quantum computation, interference, Hadamard operator,

quantum block, unitary matrix.

Introduction. At present, active research and physical
realization of a quantum computing is conducting in the
world. Prototypes of computing devices have already been
built in different parts of the world at different times, but there
is not yet a full-fledged quantum calculator that simulates
quantum computing on a computer with a classical
architecture in order to study and further design a quantum
calculator.

The result of the quantum algorithm is of a probabilistic
nature. Due to a small increase in the number of operations in
the algorithm and to maximize the entanglement of qubits, can
be arbitrarily approximate the probability of obtaining the
correct result to unity [1].

1. Functions and types of quantum operators in
designing quantum algorithms.

The process of designing a quantum algorithm consists
of a matrix form of the representation of three operators [2]
[3]. Superposition (S), quantum entanglement [2] (entangled
states) (UF) and interference (Int). In general, the structure of
the quantum algorithm, as the basis of quantum computation,
can be represented as following

QAY=[ (Int® "ld)* U]™ *["H ® ™S] (1)

Where Id is an identical operator, ® symbol is a

tensor product; S is an operator of superposition and finally, H
is a Hadamard operators.

In Fig. 1 describes the structure of the operators of
quantum algorithms, equivalent to the expression. The input of
the quantum algorithm is always given a binary function f.
This function is represented as a mapping that divides the
image of each input binary string. First, the function f is coded
as a unitary matrix operator Ug that depends on f function
properties. The resulting matrix operator U is included in the
structure of a cable cell, a unitary matrix whose structure
depends on the Ug matrix and on the problem that the
algorithm must solve [1].
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Fig. 1. Structure of operators of quantum algorithms.

The superposition contains all the information needed to
solve a specific task/problem. Due to the superposition
creation, a measurement operation is performed to extract the
information. Consecutive use of the quantum operator and
measurement of the result characterizes the quantum block. It
is executed k times to derive a set of basis vectors. This
measurement is not a deterministic operation, therefore the
resulting basis vectors will be different. Therefore, each of
them will contain only a part of the information needed to
solve a particular task/problem [4].

2. General structure of the quantum algorithm

Schematic diagram of the simulation of a quantum
algorithm operation on a classical computing device is
illustrated in Fig. 2. The quantum block in this figure performs
the alternate application of the quantum operator and the
measurement of the result. It is executed n times to obtain a set
of basis vectors. Since measurement is not a deterministic
operation, the resulting basis vectors will be the same, and
each of them will contain only a part of the information
needed to solve the problem [5].
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Fig. 2. Schematic diagram of the quantum algorithm.
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The final phase of the quantum algorithm is the
interpretation of the set of basis vectors for the solution of a
specific task/problem with a certain probability value [1-2].

2.1. Encoding block
The work diagram of the encoding block is shown in Fig.
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Step 1. The representation table of the function
£:{0,13™™ —{0,11™™ is transformed into a representation
table of a unitary function F:{0,1}™™ —{0,1}™™ such that

F(Xo, ....... Xn-1y Y05 evenes yn-l): (XO, ....... Xp-15 f(Xo, ....... Xp-

D®( Yo, ¥n1) (2)

The necessity of such a change is related to the unitarity
condition for the operator Ug. It is reversible and can not
represent two different inputs into the same output values [6].
Since this operator is a matrix mapping of the function F, it
must be invertible. Reversibility is carried out by increasing
the number of bits and describing the function F instead of f.

Step 2. The representation of the function F is
transformed into a representation, according to the following
restrictions.

Vs € {0,137 : Uy, [2(s)] = 7[F(s)] (3)

The encoding table t:{0,1}"™ —C?™™ where C*"™" is

the resultant Hilbert space, defined as:

r(0)=(1)=|0>, 1(1)=(1)=|1> @)

T(Xo, ....... Xn+m-l) = T(Xo) (®) . ® T(Xn+m-1): |X0,. .o Xpem-1~
5

Step 3. The representation of Ug is transformed into a

matrix operator according to the following rule:
[Uril=1Ueli > = > (6)

This rule is easy to understand if we consider |i> and [j>
as columns of a vector. By distributing these columns
according to the canonical basis, UF determines the
permutation of the rows of the identity matrix. In a general
form, the series |i> is mapped into the series [i> [3].

2.2. Quantum block

The main element of a quantum block is a quantum cell.

Its form depends on the properties of the matrix of the
operator [7]. The matrix operator Ug, which is the output of
the encoding block, in this structure is the input of the
quantum block.
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Fig. 4. Decomposition of quantum block.

The unitary matrix is applied k times to the initial
canonical vector |i> of dimension 2™™. The resultant complex
linear combination of basis vectors is measured by producing
one basic vector |x;> as a result. All the measured basis vectors
{X .... X} come together.

The resulting set is the output of a quantum block.

The decoding unit includes an interpretation of the set of
basis vectors. Decoding of basic vectors consists in their
transformation into binary strings. Then they are used as the
coefficients of some equation or for extracting the answer. The
structure of the decoding unit depends significantly on the
nature of the problem being solved, and is essentially one or
other of the classical algorithms.

The last part of the quantum algorithm contains a block
of interpretation of a set of basis vectors that allows you to
isolate a finite, meaningful solution of the problem under
study with a certain probability [8].

Summarizing all of the above, it is worth noting that the
developed and proposed general structure of the quantum
algorithm finds a successful implementation in the software
development and implementation of quantum simulators as
auxiliary external modules. As for the structure of quantum
algorithms operators, it is universal and, in general, does not
depend on the properties and solved problems of a particular
quantum algorithm.

Conclusion. The mathematical and schematic rep-
resentation structure of the operators of quantum algorithms is
proposed in the paper. Detailed decomposition of each block
of the schematic diagram of the description of sequential
processes and stages of quantum algorithms is performed. The
general structure of the universal quantum algorithm is
realized as diagrams that reveal the basic elements, their
properties, functions and place in the work of the quantum
algorithm.
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CTPYKTYPA OIIEPATOPOB KBAHTOBBIX
AJITOPUTMOB

B craTbe mpeanaraercsi CTpyKTypa ONepaTopoB KBAaHTO-
BEIX QITOPUTMOB, €€ MaTeMaTHYeCKoe M CXEMaTHIeCKoe
npeacTaBIeHHe. B crathe peanu3oBaHa oOWIas CTPYKTypa
YHHBEPCAIBHOTO KBAaHTOBOTO AJITOPUTMA B BHUJE JHArpaMM.
Ha nnarpamme mpectaBieHbl OCHOBHBIC DJIEMEHTHI, HX CBO¥-
cTBa, QDYHKIMH KBAaHTOBOTO airoputMa. Kakiplid GJIOK IpHH-
LUMUAJIBHBIX CXeM Pa30UT Ha ITOCIeA0BaTEIbHBIC TPOLIECCHl U
9Tanbl KBAHTOBBIX AJITOPHUTMOB.

Kniouesvie cnosa: KBaHTOBBII alTOPHUTM, 3aIlyTHIBaHHE,
CYIEpIIO3UIMs, KBAaHTOBBIC BBIYHCICHUS, WHTEp(QEpeHINS,
omepatop Aamapa, KBAaHTOBBIH OJIOK, YHUTapHas MaTpUIa.
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KPEAUT-MOAOYN TU3UMU TYSUIIMACU TAPKUBUOA BUITUMINIAPHU AOANTUB
BAXOJTAWLHN ABTOMATIALUTUPULL

Maxkonaga TabauM skapaéHnapuia Tanabanap OMIMMHM ajanTuB OaXOJIALIHMHI aBTOMATIAIITHPUII MacalacH Ba YHH
3aMOHABUH KPEAWT-MOAYJ THU3MMH Ty3WJIMAacura KHPUTHIIHMHT Ha3apuil Ba aManuii MyaMMoOJIapy YpraHWIraH, YKUTHIIra
aCOCJIaHTaH TaHWO ONMII (pacmoO3HaBaHUS) ycyiulapu €paamua OWIMMIIApHH aJalTHB Oaxollall MacalacH KYypuO YHKWITaH.
Brunmvnapeu aganTuB HazopaT KWIMIIHUHT TYPJIH YCYJUIapu MaBXy#, OMpok Oy ycyiurap KaTop KaMYMIMKIApra 5ra: YKATHII
OOCKMYM/Ia KaTTa XaKMAaru axOopoTimapHH Tanmab 3Tagu Ba TaHWO onuIn OOCKMYMIA KOMIBIOTEP XOTHUPACHIAH CE3MIAPIH
XaKMJIa KOU dralmiaian, YKATHIaéTraH OOBeKTHUHT HOAHWK aBoOJMapmHM xucoOra ommaiinu Ba x.k. lllyHra kypa, kpemur-
MOJYJ TU3MMHTa aCOCIaHTaH TabJIMM TH3UMIIApHAa OWITHMIIapHH aIaTUB OaxoJiania YH3HKIN-0YIakiy anmnpoKCUMaIus yCyn
Ba 0axoJlapHU XHCOOJIAII AJITOPUTMIIAPUTa ACOCNIAHTaH ycyiulapAaH (oiaanaHu UIMKOHUSTH TaAKUK 3tHnan. Kpexur-monyib
TU3MMUJA OMJIMMIIApHH aJanTHB 0axojanl kapa€HWHM aBTOMATIAIITHPHINAA MaxcCyC JAcTypHi TAbMHHOTHH HMIUIA0 YHKHII

KOHICTIIUACHU TaKJ'[I/I(b OTUJIIN.

Kanut cy3aap: agantus Gaxonami, KpeIuUT-MOIYN TH3MMH, KiIaccH(HUKamus, O0axolapHH XHUCOOJAIl anropHUTMIIapH,

YH3HUKIIN-0YIAKIIN alITPOKCUMAIHS YCYIIN

Kupum. TabauMm  sxkapa€HIapUHUHT  KpPeIUuT-MOIYJI
TH3UMH — Oy YKyB »KapalHIapWHM TalIKWI STHII MOZIENH
6ymub, y YxkuTumn Ba 3au€T KpeauT (OWIMMHM 0OaxoJarir)
XKapaCHJIapUHU ATOHA MOAYJb TEXHOJOTMACUTa aCOCIAHTaH Ba
Tanaba YKyB IOKJIaMacHHM YIT40BH cudaTua makanras [3].
[lyHuHreK KpeauT-MOAYT TH3MMH YKyB >KapaHIapHHH
TaIIKHUJI STUITHUHT HOYM3UKIN MOZAENH cudaTuaa XaM Kaparr
MyMKUH. HOUM3UKIIN TabuM TH3UMH — Oy YKYB jKapaéHHHU
TalIKWI ~ J3THII ~ ycynu  Oymub, yHEa  TabIMMHHHT
YMyMHHJINTHHM ~ CaKjIaraH  XoJia, TaJabaHWHT  YKyB
MaTepuaUIapUHH Y3MAIITHPUIIAA UHAUBUAYAN IIAKIAa YKYB
XKapa€HUHM IIAKJUTAHTUPHULI UMKOHUATHHH Oepamu. byHnmait
X0JaT YKyB JKapaéHiapAaru “MyCTakuI TabJIUM~ KHUCMHHU
aKTUBaIMsUIall UIMKOHUSTHHHA OepraH xoJjja, xap Oup Tanada
OunMuHM amanTuB Oaxonam, 3a4ér Oupmuru (Xankapo

MUKECUIA OWJIMMUHU Oaxodarm) Ba MO Ty THHHT
STOHANAIITHPUII WMKOHUATHHH Oepamu. LlyHmait kmimo0,
3a4€T OUPIIMKIAPH Ba TAabJINM MOJYJH STOHAINTH TanabaHUHT
VKyB kapaHMIard TablIUM TPACKTOPMACHHHM caMapanu
Jofuxanamua MyXuM axaMusaTra sra Ba Oy TpaeKkTopusi YKyB
JKapaCHUHMHI axxpanmac KucMmu Oymamu. Kpenut-monyns
TU3UMHJA, YKYB OJKapaCHUHHHT MabIyM LUKIH OYiinda
VKunaguran Qaniap pyiixata, xap Oup ¢dan Oyiimda YKyB
MaTepHaUlapd, OJHMHTaH OWIMMIApHU 0axojalml TH3UMHU
takm¢ oSTtwiaad. TamaGaHUHT TabIUM  TPACKTOPHICHHU
MIAKJUTAaHTUPHII YYyH BapHaHTIIap, TalabaHUHT HHTEIUICKTYa
UMKOHUSTIApUIaH KeJMO YMKKAaH XOJIa aMalira OIIHPHIIaan.
PuBoxJIaHraH JaBiaTiaplard ojui TabIuM Myaccacanapuia
KPEANUT-MOAYJA THU3UMHMHHMHT OJKOPMH KWIMHHIIM Oyiinua
YTKa3WiraH Ha3zapui Ba aMmaluil TaxJIWuIap KPEAUT-MOIYJ
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