U5
GRID} A Novel Environment for Simulation of Quantum Computing

~—y

A

Joanna Patrzyk (1), Barttomiej Patrzyk (1), Katarzyna Rycerz (1,2), Marian Bubak (1,2,3)

(1) AGH University of Science and Technology, Institute of Computer Science AGH, Department of Computer Science, al. Mickiewicza 30, 30-059 Krakow, Poland
(2) ACC Cyfronet AGH, Nawojki 11, 30-950,Krakow, Poland
(3) University of Amsterdam, Institute for Informatics, Faculty of Science, Science Park 904, 1098XH Amsterdam, The Netherlands

QuIDE — Quantum IDE QulIDE User Interface

° BUl|d|ng and ana|VSing quantum circuits and # | QuIDE - Quantum Integrated Develapmen}]@vimnment N ['_' =l X
' ' ' — 1) 2 Run-Time Preview
aIgOrltth via source COde and graphlcal Y NalkE & X o a @Build Circuit | | BdRun In Console of the internal quantum state Calculator
* step-by-step execution with the step back option Teleportationcs X S Tour s .
: - utpu \/— -
* preview of the actual internal quantum state 11 public static void Main() { e — .
12 QuantumComputer comp = QuantumComputer.GetInstance(); P S '
Code Editor Interactive Circuit Run-Time Internal 13 B States Visibility
Build Designer Quantum State Preview 14 // nontrivial state to be teleportated © Show All @ Show Only Non-Zero
 r— 15 var x_initsStates = new Dictionary<ulong, Complex>() { -
Circuit 0> —H 4 16 f@, new Complex(-0.6, @)}, .
X = new QuReg(2, 0); Model 1 l Fny 1t 17 {1, new Complex(@, ©.8)} Source PTbablhty Scale )
o s o s L e = 18 }; Code Edrtor @ Absolute () Relative
For(i=6; 1<2; 1++? { 0>0 H N § 19 Register x = comp.NewRegister(x initStates, §;,
, Hadamard(x[1]); Generate oe_ 0 1 1 [1 [] ‘ N Value Qubits Probability Amplitude
CNOt(X[@] X[l])' Code Stepplng<:| E> 00) |.01) |10) |11) _ _ _ 0> 000> |F| = 0.18 -0.42 + 0.00
’ ’ Execution Possible States Circuit D@ner @ |_<5> Q@_' h 3> 011> |[P2018 042+ 000
1
t t t & & =25 I hTGCDdE Clear| X &fj 0 fﬁ Ungroup | | Group 5 101> |P =032 0.00 + 0.57
Simulation Code Code Circuit Circuit x (X |H| & |X| |Y| |Z| NX]||R||R| |R.| |R| |O] |Re||R 6> 110> |P =032 000 + 0.57i
Library Compiler Generator Builder Evaluator )
‘{J ~A|  Select Composite Gate...@ v
‘E.s:1>: ? |H| |,74‘ * ’ Properties v 0
Architecture of QuIDE Y= 0)THl—— A == Interactive =
& . . - 3 —
WCII’CUIt Designer , H
= E">: (/ P, A —
Console . . Quantum | 2 g
Source Code | | Interactive Circuit > I
- Output . M : B State — ’
, Editor Designer . 7]
Wlndow PreVIeW -8 “ CiI’CLJi’[ DE‘SiQI‘IEF CDHS'D|E ﬂutpu’[ . ConSOIe Output Tab )
Z N ZgX © 2\ /%x % - :
Q @ - — + Q
o @) = S O = . .
2 v ol |2 © §;8 g2 = e users can generate the quantum circuit from the source code (1) as well as the source
S o) 5 o © o = : :
S S 3l 5> 5| < > [ & code from the circuit (4)
§ g .é ° ° * - - 1
£ 3 Geﬁc;criaetor £ Step Evaluator * the quantum circuit can be executed in the console (2) or evaluated step-by-step in
o the Run-Time Preview (3)
~~ 4~ = : : : : : :
S Proxy P " * the quantum gates in the circuit can be grouped into composite gates (6), which can
: ompilation e =
Code Compiler || yith proxy Library/| Classes - II__I be then ungrouped (5)
o + Q
/g,\ 2, 3, £l | é’ * a big set of predefined composite gates is available (7)
L = L =
= 53 53 =
O \2/ \2/ ~ 7
Simulation Library

Simulation of Shor’s Algorithm

Shor’s Algorithm enables to factor numbers on quantum computer in polynomial time —
QuIDE Performance it could thus compromise the RSA cryptosystem. Two optimization variants of the

algorithm were implemented and compared.
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Official project website: http://www.quide.eu/
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