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Computer model of the Grover’s algorithm

We have implemented and tested the basic steps of the computer model of the Grover’s algorithm for searching an
unsorted database using Matlab software. The quantum, probabilistic algorithm of Lov Grover achieves this using
O(N'”) queries. The algorithm starts from the simulated quantum states superposition that is treated later with the
Grover’s diffusion operator and its modification known as the quantum oracle, representing together the Grover’s
iteration. The freedom of choice for the initial superposition of states is provided. Projection operator and
measurement procedures are implemented using the basic Dirac bra-ket notation in the separate Matlab functions.
The existence of an optimal time for a near-optimal measurement as a function of the number’s of the Grover’s
iteration is demonstrated. Extension to the space with multiple targets is available.
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A.C. Kycannos, C.I'. Kycannos, I'.b. TypmaranGer
I'poBep aaropuTMiniH KOMNBIOTEPIIK MoaeJTi

Matna6 GargapiiamaiiblK KaMChI3IaHABIPYBIH TTaiiiaiaHa OTBIPBII, PETTEIMEreH MaTiMeTTep 0a3achIHIarbl Ka30aHbl
i37eyre apHaJIFaH KBaHTTHIK [ poBep aJIrOPUTMIHIH KOMITBIOTEPIIIK MOJIEN JKacall MIBIFapbUIIbI XkoHe Tekcepini. JoB
I'poBepiH PIKTHMAIIb! TAGHFATKA He KBAHTTBIK anroputi O(N'?) aman ilmiHge HOTHYKere AypHIC MM aTyIblH eH
YJIKEeH BIKTHMAJABIFBIMEH KOJ JKETKi3eli. AJIrOpUTM €3 XKYMBICHIH Ta3a KYWIEpIiH CyHNeprHO3ULUSCHIH WHULHAIIH-
3anusuIayMeH Oacraiinel, keiinHeH on ['poBepain anQy3usuIbIK ONEPaTOPBIHBIH JKOHE OHBIH KBAHTTBHIK OPaKyJl
JIeTeH aTayMeH TaHbIMal MOJM(HKALUSICHIHBIH OCepiHe YIIBIPAHIbl, OyJIapJbIH KHBIHTHIFEI [ poBEep HTEepalUsIChIH
Kypaiinpl. KBaHTTBIK Ky#l BEeKTOpBIHBIH OacTalKbl KOMOMHALMACHIH €PKiH TaHJam aly MyMKiHpairi 6ap. Tanpan
JIBIHFAaH 0A3UCTBIH MPOEKLIICH! ONEPaTOPbl MEH KBAHTTHIK Xyiere emmey xyprizy pacimi Jupax ¢opmann3minig
Opa >koHE KeT BEKTOPJIapBIHBIH KOMETIMEH KYy3€ere achIpbUIABL. [31eliHin OThIpFaH MIaMaHbIH aMIUIHTY 1ackiH ['poBep
HTEpALUANAPE! CAHBIHBIH (DYHKIHACH pETiHAe MAKCHMH3ALMSIAY YIIH eH YTRIMIBI yakeT ~O(N'?) exempiri
kepcetinai. Conpaii-ak anropuTMHIH Oip yakbeiTTa OipHelle jka30aHbl i3/IECTIpyre apHajaFaH HYCKAacblHA Ja KOJ
SKETKI31III.

Tyiiin ce3mep: KBaHTTHIK anroput™; ')poBep anropuT™i, OpaKys1, KOMIBIOTEPIIiK MOZEIb, [ poBep UTEpaLHsCHL.

A.C. Kycaunos, C.I'. Kycaunos, I'.b. Typmarauter
Komnsblorepuasi Moaens aaroputma I'posepa

Hcnons3yst mporpamMMHoe obecniedenne Martnad, Oblra HammcaHa M IIPOTECTHPOBaHA KOMITBIOTEpHAs MOJEIb
KBAaHTOBOTO alropurMa I'poBepa Juii MOMCKAa 3alMCH B HEYHNOPAZOUCHHOH Oa3e [aHHBIX. KBaHTOBBIH,
BEPOSITHOCTHBIN 1O cBOel npupozae anroput™ JloBa I'poBepa qocTuraer pesyibraTa, C MaKCUMaJbHO BO3MOXKHOMU
BEPOSTHOCTBIO MpPAaBWILHOrO oTBeTa, 3a O(N'?) omepauuu. AJrOpHTM HaupHAET PaBoTy C HHMIHATH3ALMM
CYIEpIO3HIMI YUCTBIX COCTOSIHUM, KOTOpas B AaJbHEHIIEM Io[BepraeTcs Bo3aeiicTBuio Auddy3noHHOro onepaTopa
I'poBepa m ero Moau¢uKalyM, W3BECTHOH Kak KBAaHTOBBIH OpaKyJ, B COBOKYNHOCTH MPEACTABISAA HTEPALHIO
I'posepa. IlpemoctaBiena cBoGoma BEIOOpa II€PBOHAYAIBHONH KOMOMHAIMM KBAHTOBOTO BEKTOpA COCTOSHHS.
OmnepaTop NpoeKkuuy Ha BBIOpaHHBINA 0a3uc U Mpoleaypa NPOBEJCHUS U3MEPEHUs HaJl KBAHTOBOW CHCTEMOH ObLIu
peanu3oBaHBl C HCHONb30BaHHMEM Opa u ker ¢opmamu3Ma Jlupaka. [IponeMoHCTpupoBaH (akT HaIUUHUS
onTuMansHOro Bpemern ~O(N™?) s MaKCHMM3ALMM aMIUIATYIBl MCKOMOH BENMYHHBI KaK (YHKIMH dHCIA
utepauuii I'posepa. JlocTynHa Bepcusl alrOpUT™Ma ¢ OJHOBPEMEHHBIM IIOMCKOM HECKOJIBKHUX 3alIHCeH.

KuroueBble c10Ba: KBaHTOBBIIN aIrOPUTM, aaropuT™ I'poBepa, opaKyJl, KOMIBIOTEpHAs MOJIENb, UTepanus I'posepa.
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Introduction

Within the broad range of existing quantum
algorithms there is a set of procedures unified by
the use of so-called oracular algorithms. The later
ones are referring to the quantum computation
realization of the oracle machine [1]. Oracle is an
entity from the complexity theory and
computability theory that is designed and exists to
make a decision based on some input. There are
up to 30 oracular algorithms listed at [2] with the
range of speed up from a constant multiplier and
up to superpolynomial and exponential.

Here we are presenting the simple computer
model of the Grover’s algorithm [3] whose oracle
is assisting to find the target entry in the
questioned database. We have demonstrated the
simple software version of the oracle algorithm
within the set of procedures altering the
expectation probability of the states’ super-
position.

Methods

Assuming the N dimensional space could be
provided by n=log,N number of qubits, we
construct the initial superposition of states as
follows

Is) = iy ), (1)

where Hadamard transform may be used to put
each qubit in the equal probability superposition
state. This could be easily achieved in the
following few lines
clear all; close all; clc;
s=f1111111111111];
% normalize
N=length(s), s=s/sqrt(N);
w=[0000000000010];
disp('Amplitudes of initial pure states
uniform superpositon |s>")
7 disp(s.”2)
where the index of a target entry w is marked
as a nonzero raw vector’s entry at line 5 and the
superposition of the pure states is a simple one
row matrix with the entries corresponding to the
initial probability amplitudes distribution.
Quantum oracle will be described by function
f which maps each database entries to 0 or to 1,
where f{w)=1 if and only if w satisfies the search
criterion. In terms of unitary operator U,, it could
be written as

QN v AN W N~

UW|W> = _|W>

Uyl x) = |x) forall x#w

)

Uy =1 = 2lwiw|

where the purpose of the oracle operator U, is to
flip the sign of the target state |w>, see again [3].
Matlab’s Uw.m function providing the desired
effect will look like this

1 function y = Uw(a,b,w)

2 % assuming that both a and b are the raw
vectors...
a=rot90(a,-1); b=conj(b);
y=a*b(1);
fori=2:length(b)
y=[y a*b(i)];
end
y=eye(length(a),length(b))-2*y,
y=wiy;

Scalar, or dot product, is defined to follow the
regular Dirac bra-ket notation

O Co NN AW

(slw) = (wls) = 1/VN 3

with Matlab’s braket.m function performing the
entry wise multiplication taken the form

1 function y = braket(s,w)

2 % assuming that both a and b are the raw
vectors...

3 s=conj(s); w=rot90(w,-1);

4 y=s*w,

Our Grover’s diffusion operator is a combi-
nation of a projection operator and a unity ope-
rator /

Us = 2|s)Xs| =1 4

with Matlab Us.m function which looks like this

1 functiony = Us(a,b,s)

2 % assuming that both a and b are the raw
vectors...

3 a=rot90(a,-1); b=conj(b);
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y=a*b(l);
for i=2:length(b)

y=[y a*b(i)];
end
y=2%y-eye(length(a),length(b)),
y=s*y;

O Co N DN A

Here, from line 3 till line 7 we can clearly see
a projection operator |[s><s| .

Consecutive application of U, and U,
operators preceded by the initial mixture of pure
states initialization, see Eq.1, leads to the increase
of the amplitude of the search-for element after
one iteration as big as

l(wls)I? = 1/N to [(w|UsUys)|* =~ 9/N “4)

Altogether, the main Matlab Grover.m func-
tion will take a form
clear all;closeall;clc,
s=f1111111111111];
% normalize
N=length(s), s=s/sqrt(N),
w=[0000000000010],
disp('Amplitudes of initial pure states
uniform superpositon |s>")

7 disp(s)

8  %disp("Initialize operator Us=2|s><s|-I')

>Columns 1 through 13

QA AN W N~

9 sp=Uww,w,s) % (w,w,s)!! not (w,w,sp)
yet!!!

10 sp=Us(s,s,sp)

11 sp.”2

Results

Algorithm described above leads to the
consecutive changes in amplitudes of the initial
equiprobable state superposition, see the analy-
tical expression provided by Eq.4, as following

>Amplitudes of initial pure states uniform
superposition |s>

>0.27740.27740.27740.27740.27740.27740.27740.27740.27740.27740.27740.27740.2774

>sp =
>Columns 1 through 13

>0.27740.27740.27740.27740.27740.27740.27740.27740.27740.27740.27740.2774-0.2774

>sp =
>Columns 1 through 13

>0.1920 0.19200.19200.19200.19200.19200.19200.19200.19200.19200.19200.74670.1920
This increase in amplitude has a cyclic nature given by the following expression

sin?((r + 1/2)6) (5)

meaning that the earliest time when we get the
maximum achievable amplitude is

r =~ /N /4 (6)

Discussion
As we can see, the basic elements of the
Grover’s algorithm are straightforward in

implementation as a program code. Besides
numerical output on the screen and to the data file
we can supplement our results by the graphical
representation of an effect caused by a
consecutive application of the operators U and U,
leading to the cyclic change of the amplitude of
the searched element w as plotted along the y axis
on Figure 1.
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Figure 1 — Bar diagram displaying the squared amplitude distribution for the N states superposition after /=11 iterations of the
Grover’s algorithm.

Conclusions

We have shown the basics of the quantum
Grover’s computation algorithm implementation
using Matlab software. The generalization of
the Grover's algorithm is known as the
amplitude estimation and is now an essential
part of practically every quantum algorithm.
The algorithm has a substantial individual value
as well as indispensable role within the
structures of the other algorithms. The program
is written as an educational and research
software.
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