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Academic Year 2021
ABSTRACT

Nowadays, with more technological advances, quantum computing technology is one
of the key technologies in the future. There are several simulation platforms for quantum
computing. This makes the selection and study of each quantum platform quite difficult. Thus,
users who need to use the platform to study and research have to take times and select the
platform which is appropriate and accurate.

Four interesting quantum software platforms were selected: Forest (pyQuil), Qiskit,
ProjectQ, and Quantum Developer Kit (Q#), which collect information, system overview,
installation, usage. Programming language and style. Testing what functions and algorithms can
be used and comparing the overall picture to select 2 platforms that are suitable for use The final
step was to compare the performance of the two selected platforms using Shor's algorithm.

The four testing platforms Forest (pyQuil), Qiskit, ProjectQ and Quantum Developer
Kit (Q#) provide an overview of the four platforms that are useful for those who wish to study
and develop programs using the four platforms mentioned above. And the selection of two of the
best platforms to measure model performance using Shor's algorithm identifies the most suitable

platform to study and use.
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MNTA 2.4 AI0619NTZVIUNITWAUT Open-Source Software

RWNYINA: N https.://commons.wikimedia.org/wiki/File:OSSD_process_data_diagram.png

2.9 Qiskit
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rigetti
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MNN 2.6 Rigetti and Forest (pyQuil)
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2.11 ProjectQ
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Forest (pyQuil)

¥ A

. s 7 A E = v aa o A v Y
Rigetti 1UUTHN start-up NNoAIVUNBYN.A. 2556 Taeinla@ndomsnuaIuns

[

o a o A . . ' 4
mmmgmm’aum% f3. Chad Rigetti 910N1TIZANUNUNIT 119 gﬂ!ﬂﬂﬁaﬁ’dﬁiﬁ (ﬂigll”lfl!

a9

o 9 o ] ng A A o a J =1 Y o
3.6 WUATUUIN) ﬁTL!ﬂQ”I‘L!GL‘I’iﬂJu@Q@QVILIIﬂQ Berkeley Glullﬁiﬁuﬂﬁﬂ@imﬂ UNUMNTUITUIU
o a @ a 4 % a 14 o
120 AY mmsﬂﬁ]ﬂizﬂmﬁmﬁ’awmmﬁ%’wmummmmﬂum ﬁﬂ@uW%Lﬂ@ﬁﬂ%ﬂuﬁNﬂJUWQ

a A o v o a ] 4
19 fAlUA “lﬁ’"lﬁ’ma@q“lﬁi’f’uaxwmu”lmaumaaﬂmﬁmwmmmau"lau Madhav Thattai

a o

] Y o 1 = = o (] g’; 9 =1
WanihdhenagnsveauTEninenlusn 10-15 7 osansvinalvgnivargez lsmalulas
Y 9

NIFAUIMFIAIDOUANNUNIN U
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Acom Agave

20 Qubits/ 8 Qubits
- = !
Currently Offline

~ SRR Request access
mam 7] & Rigetti
Smulator r \ Forest

s ||

Register for API key | e —
S, ! web rigetti
) - (Jupyter )
| pyQuil |
IV e Rogesti)

H 1 (X a J
<ﬂ1‘Wﬁ 3.2 MNITINTTUUNTADAIDUANADNNIUNDIVUDN Forest (pyQuil)

Forest SDK 1/5¢nouf8 pyQuil, quile taz QVM lasawsaldaiu QvM #
. LY amaA a & A 2 s o ' A g9 ' . . Aa
Rigetti }9 2 35A0N15MIAAAY SDK N815ALITUBIA0IABUHIT 0 1¥91URIY Web Rigetti N1
4 (] gJ; 4 [ 1
Jupyter Notebook 901 latiog Tagnd 2 LUVITABNY Rigetti Forest d11150A0 lAmnIzuuy
1 g’l ) 1 =) =) Qo’
QVM Simulator 1173 13e1115060 Quantum Computer 334 laaoadiansmmiz lunis I
Qiskit
3 A o A A s o ' a = v Y}
BM WuusinaulaluGesneunimesnieuauuinii 30 3 laglianun1inii
<3| o w v A J . A 2 g ~
Audrdy Jag1iuligud IBM Quantum Computation Center guaizoailiilumammiz 1uil wa.
Yy ) < ’A . A A a J @ a
2559 lanmsdlaiylod¥e “IBM Q Experience” NUIAT0IADNNIUADIAIDUANIUIA 5 A2
a = A . Y dy Y a ] a J 3
Ta (ImMsveneanuised qubit 13luaanuinmeunanuil) IMusmsEiuneduaeiiia
1 @ d' =1 9 o o a Y J 9 A d‘ a A
unyanan lesnizeuduazWanmsmuiadinleuay asu ldunsowwua 5 Aria
716 Adiadnedazaieudiliiasy Yareiln.a. 2560 BM  1ddsznaniinTes
Aa 4 @ a a o A Y Y ad a
ABNNAADIAIOUANYLIA 20 Adda S1uau 2 1nsea I3 ignAlluau®nues IBM Q
[ [l 4
Network 15138119 u/IuN9szUUAAIA (cloud-based quantum computing system)

Y o J Y Y 4 v 9 a a o & Y
Lli’)ﬂﬁ]"lﬂ‘hll!fN']Jigﬂ"lﬂfl”lllﬂﬁi"NI‘]Jilcﬁﬁlf‘ﬁi’)iﬂ')@u%u@]uuﬂﬂsllu"lﬂ 50 AUATUTILLAND
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— [0 CR—
( éBM%X'# ) 16 Qubits/” @51 1
Q‘:A its : 20 Qubits/
[BMQXZ‘ 'ib;vﬁ : oky
| 2" ‘ q_20_tokyo ™
5 -nglts : 20 Qubits
Y jéM Quantum

HPC Smulstor i Dxpmeience

| Register for APT key _| b il
' - 1BM Quantum Lab <

Local Sevadutor| | .——QTgl—(-lt

.q' 1 ( a J . .
NN 3.3 NNIIWITUUNITADAIDUANADUNUADIUD Qiskit

9
a Y

M5 19911 Qiskit 101 BUABAY Quantum Computer 9341 UANITD 1Fa 11 1d1LA
. iy 9 o K 1o o Y a 9
U5219M 5 Qubit MU ULALILABITONIAIUMTINNUTUBIAVTIUIWAIAING 1H1U
a &4 ¢ s o A A A
Quantum Computer 1452 UU 1ABIINAAAINGITALITUDIANBINTBLUIU code 7| IBM Quantum
=2 g s 3 7
Lab %31 Jupyter Notebook o011 latieg Tasuuiu ladves IBM
ProjectQ
9
ETH %ngninouaueglungquaeanniiinetassuiinluszauuunyiaogiayo
&= v o @ 1 g’/ g’/ ) Yo v W I a v Ao A
FalumstaouauuaazasTalu ETH  dnazlasusuauiuniinerdenaigeludlszing
a 4 J 3 & a v Ao o [l Y o @ I <
adesuaua Wunialuniimeasniouaveg luiouauusnvesy sl nazitunialuy
a v AA o o [] a v W A =) Yo
wInedentiouauegludusuaunsnveslanaaeaszeznainiiuu lueda ETH 1851
A = 1w a =\ a 14 ara 4 = A Yo
ForFeelaeas Iagmwiz luandsunll asiamans uazldnd Tasliyaainsues ETH 1 1d5u
1Y) 1 T I o Jd Y a o @ a 1 Y Y
s1aTuannarviaes ludezdu Tevdladidwemguiduinsnin Sunudduny
[ -4 = J A o = ' @ o X A =<
SIAOND WA LAZIIUIUTIUIUNINDL 21 MU At LRWIZUNANYINILNMSANEI9IN ETH
’AY Yo ’ Ay ya 9 X A v L & S
HazAINTEIN IATUMIENERINANANUYRININNA lanAALTLINTA ETH winiunialwiu

Ao ProjectQ
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1BMQXA ™ | B
( 16 Qubits/~ S1_1
2 (ubits : 20 Qubits

IBMQX2 b o
/ : bmaq_20_tokyo
5 Qubits, _ 20 Qubits

uantum |
wron

Ty

-~ Y IBMQ
HAC Skrwdator © | Tt
0 Qubies

Register for AP key

oo St i Project Q
— (ETH Zurich)

MNA 3.4 MINTINTZVUMIAOAIDUANADNNUABS VDY ProjectQ

9 . g 9 ' [ Y 13
ﬂ151"]f\‘ﬂu ProjectQ uutﬁlﬂiﬂGlGHQTLl Quantum Computer 334UNU IBM qﬂﬂ1ﬂlLﬁﬂ
9 A 9 v o A A 9 A Ao . =2 g
areoulua18nuny Qiskit Na1N150 19914 Quantum Computer 9397167 5 Qubit  Fuiu
A A o oAy a v 1A A
Open-Source NAVNKNIAINNTONIZIAL Tan1u Quantum Computer Y949 IBM l@reuaiin
a g’/ { 4 4 . J gl.:
LL“LI“LIGWWN‘I?]e°I1i@LL'J§ﬂJEN¢I']L@QWﬂHH
Quantum Developer Kit (Q#)

Y v o a

Microsoft: u?ﬁmmﬁmmumiwmmuazwamaﬂﬁmi%ﬁﬁﬁﬂsﬂﬂumf,jﬁum
Apuine I At uAT U U5 1dTaaaoaual “Station Q> Tuluaanidsennihmaie
1N L‘ﬁuﬁ UCSB, Purdue University, University of Maryland, University of Sydney,
TU Delft, Niels Bohr Institute, ETH Zurich (1) 4@1 1a001IM1398199109121 1A 4319310 7D
aulalumaTuTad topological qubit W3121H0 1921 “AuAaIANADY (error)” TToBnIMAY
leﬂ?h‘ﬁi]:‘;"llﬂWﬂijizﬁUﬂTﬂ%ﬂﬂ@ﬂWTﬁ%gfi)”lﬂmflﬂﬁ”liflu Computer Weekly R1juAoU
WQHAIAY WA, 2561 509158 FUSEN Microsoft A3UAAFEUAIUNMSAUIRITIAI0URL 1Y

< ' a J @ a o = a a Jd
ﬂ'Nill‘ﬂ1!31ﬂf]3JW'JL@]’E]§ﬂ'J'E]HGI3JﬂJ’E)\TU'i‘]el‘ﬂﬂ%iﬁ’ﬂiﬂ'li!%\iWWm“]fﬂNWuﬂ%‘] Azure Cloud Gluﬁ’m

s I A w Y a Y Ya . =] 7
VoI¥oUNIIT muw”lmﬂﬂﬁlﬁ"lﬂwme quantum computing development kit FIFINITDA1IU

Tvian'ldus
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Smukakon
O+ Qubks

Azure
Cloud
) PAzute Quanum workspacs
Paid subscription service|
Paid subscription service|

whitor | Quantum
< Developesent Kt

\

“

3 1 @ a 4
canﬁ 3.5 MNITINTEUUNMITADAIDUANABDNNUADIVUDY Quantum Developer Kit (Q#)
D] . ¥ D Y  aaaA a &4
7131997 Quantum Developer Kit (Q#) Huaiusaleau'ld 2 3Aenisaadeh
o J o A 9 ' SN Y 1 9 '
315@&&35%@3@3!@3’”5@1%\”“N1u Azure Quantum workspace ﬂllﬂllﬁ'i/]']\iﬂ'lﬁsl"]ﬂ'luﬂ1ﬂ
. & 9y A Y 9 =2 Y1 < =~ . 7
Microsoft uuﬁ@\3llﬂ']iﬂ)’i]']fliuﬂ'licl%q'l‘L!fNLLlI'Jﬁ]gL“lJ‘L!L‘WEN Simulator NTHU
a gJ/ a o o a g’/

3.5.2 NTAARAIATIZHVOMUUALAZNITANAL Software Platforms (requirements and
installation), M¥IazgYuUVMIVeUTY51UNTY (language syntax), AINAUUAYY (Library
Support), N1591804A0UAN (Simulated Quantum), NHIBAFNUANIOUAY (Quantum

(Y 14
Assembly Language) HazAIuANADN LN es (Quantum Compiler) U9 Quantum Software
9

Platform 14 4 Platforms @A Forest (pyQuil), Qiskit, ProjectQ tt81g Quantum Developer Kit
(Q#)

Forest (pyQuil)

< s s & v A o . ] =2 .

Forest 1Hunnwaaoiusonamisaroudunnaunlag Rigetti B9340 pyQuil
X g ] 4 o A ) [
FailuTomuwoia Aeual Tagh Classical Host Language Ao Python @MU TULVYY code LLag
run program

ANNABINITUATNMIAAAT (Requirements and Installation)

9
pyQuil #0414 Python 3 Tae75d10galun13AaAs pyQuil Avn13 14 Python pip 1u
Y ] Y

M3vAMIANAATIA1 9 Taelam el Linux Ubuntu

1. pip install pyquil

o O

9
W%@ﬁ"lﬂ”li@]ﬂ@]ﬂ Anaconda 1AgNUNAET
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2. conda install —c rigetti pyquil

v Y
v A

A o 3 A A P2 a & A v
LFRIEGE ouu'aﬂ‘wmaeﬂ“lummnuTmmmzmsmm source code ‘VILﬂ‘UVl”J
UU git

1) git clone http:/gitub.com/rigetti/pyquil

2) cd pyquil
3) pip install —e
1umiaﬂgﬂﬁﬁ]$]’l§9}} Rigetti Quantum Virtual Machine (qvm) ‘%Q"]&’Jﬂiﬁ}ﬁ1uﬁﬂﬁmﬂﬂ
Tlsunsy Quil ﬁﬁﬂizﬁw%qumaﬂﬁ Rigetti Quil Compiler (quilc) c?ﬁwa;miﬁ’ﬂmm
uazalSuuaaTalsunsy Quil Wilusa Gate ﬁugmﬂwﬂ%ﬁmﬁi%ﬁwﬁqﬁ’qﬁ
### CONSOLE 1
$ qvm -S
### CONSOLE 2
$ quilc -S
Taennsal (Syntax)
pyQuil M3Feuiidhlaldiemsziouny Python
1. from pyquil import Program
2. from pyquil.gates import *
3. from pyquil import get qc

@ { 2 =) @ 9 2
1AUTINAN 1 MsEuAeu Tlsunsualouan 1y Forest A030910n151U52 0

' ]
A o o 2

. AA 2 g = .
Odject N¥0 Program Fuiluasmdny lumsEuaeuisunsy Quil
1 ] H Y ! v
1nUsINan 2 Maaluussnai 1 Program gnad19tuiive 191y Gates Quantum
T 9 Y
i 11 & arvua 131y module 15rawnsniinah Gates Hugrunanua lannussiasiog1usy
p = Program()
p +=X(0)
v )
Wi5en 14 Fuction Program() ttaztiymsaniiunmsadly 15192381 X gate UU qubit 0
INUIINAN 3 MAIINTONABNY Object A199UDY QuantumComputer IAYNIS
A 1 A g’; v 1 < 9 o dy Y] 1 A 1 9 A
WouADY IR Nz 19T @08 19MIIToNADNY QVM Ao

from pyquil import get qc

qc = get_qe('1g-qvm')


http://gitub.com/rigetti/pyquil
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executable = qc.compile(p)
result = gc.run(executable)
bitstrings = result.readout_data.get('ro')
print(bitstrings)
MBINWDUAY (Quantum Language)
@ a 14 a
MY Quil AMYATINUM BB AFNVAVUABNNUADIAAAAN Quil AD GATE
Tao GATE fodszgaioudn e T)1400 qubit #19@%1 index (0, 1, 2....) pyQuil
=\ A o [ 9 @ . ~ =\
Nﬂmﬁllﬂ@ﬁ’lﬂiﬂﬁi’l\‘liﬁﬁ Quil i]']ﬂI‘]JiLLﬂﬁiJ'ﬂLﬁ']ﬂlﬂu
d d LY
J13AUITNIDUAN (Quantum Hardware)
ioetti 1) 4 qvy ¥ qy ¥ oo P A
Rigetti 3Jﬂ§$ll'JuﬂWﬁLW’EJ(lTTQSU’E’J!flﬂcl,G]N"ll‘lﬂi’)\i“llfJNTHL'J‘]Jul“]f@ Rigetti a2 781 TD
3 A (= A 4 o a Y X <3 Y o A o Aa 1
AN NogaLN FOIANT LLa%ﬂ"I@‘ﬁ‘]JTﬂ!ﬁﬂwaiuﬂ131ﬂl1ﬂ\1 QPU 1@ 39UaIWUNUUITHNITAAND
) 4 o a QG’ 1 1 1
T sumsdwariiodmuanarluns1dansundld QU Tasvz 1dgaananndenne lides
1w Y o @ Y q Y Y a2 A ' 9y Y Y (Y
LLfNﬂucl“]ﬁJL'Jﬁ']fﬂﬁﬁ‘UL‘lﬂslGIN']u sumﬁfm@'lummmGl,mm”lﬂﬂa@maammimﬂmlmm!,m
N1501909ADUAN (Simulated Quantum)
. A A (% < A A 2 A o
Simulator 1A3REANDUAIOUAYN (QVM) WU TUsunsuNVeuVUINDSULU CPU
a { @ ) a o a 4 @ a
yyfaIaan ‘ﬁ“ﬂ@ui'ﬂﬁ Quil HAZ1ADIIIAUTINITUDIADUNIAUADIAIDUANDI W'Iﬂg]lﬂﬂﬂ'li
4 1T » X 9 v A Jd . .
¥ounony QVM niladesaanzillondvsuad ApT Wuu https://www.rigetti.com/forest
A A A vy yx ¥ P
Tagszyrouaziogdmazgnainie key APLUAE ID §15%9A09a301 Ing

pyquil —config —setup

' EY
v A %

Y 9y i1 1
Tagldidailagnasanna pyQuil vzlsngiuield key Ndan1698iua key

Y =2 Y

API 9za 50109 QVM 1agagaii 30 qubits uARDIHIGT03vDINAN TAY key YDIFWAIL
code Tenusan 1 ld 26 qubits vn I ldviisesveriy
Tum3s81989 QVM inlFnudreiia@eInems import api A9

import pyquil.api from api



M15197 3.3 A151951982DIANTNTIN Forest (pyQuil)

Institution

Rigetti

Version

Version 3.1.0

Open Source

True

(O Mac, Windows, Linux
Requirements Python 3, Anaconda
Classical Host Language Python

Quantum Program Language pyQuil

Quantum Language Quil

Quantum Hardware

Simulator 20 qubits locally, 26
qubits with most API
keys to QVM, 30+ w/
private access

Features Generate Quil code,

example algorithms in
Grove,
topology-specific
compiler, noise
capabilities in
simulator, community

Slack channel

53

Forest (pyQuil) Qﬂﬁ%}Nmﬂﬁﬂﬁﬂﬁu Rigetti 1 Version Ehijﬂﬁf’) Version 3.1.0 (a1

@ ) a ¥ 4
@7 Quantum Software Platform 1111101 Open Source 811130AAAY 1ANI Mac, Windows 1A

Y
Linux T@ﬂﬂﬂj’li\lﬁlﬂ\iﬂ'ﬁﬂ@uﬂ’lﬁﬁ@ﬁﬂﬁ@ Python 3 11A¥ Anaconda Gluﬁ’;uﬁum Classical Host
9y = = ¥ a .S ~
Language DEA LT Python Tumseu code DNNI pyQuil 11l Quantum Program Language Tagil
3 1 A g Y o ~ 1 o A .
Quil 11lu Quantum Language @Y Quantum Hardware M ldFaasinitennudn s qubits
' 9 9 1]

Aasaverdn 1y lansaineyminiy Tudiuveuuusiasativ a1u15091a94 local Al 20

. . L
qubits, API Nved1 15411 26 qubits Tagaunsaverinilu 30 qubit 14 IaedeeinTesve
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Qiskit
L3 s Sy @ v o
Qiskit Lﬂuﬂ;w@mgnimagamau@mmu Open Source AIYATHIAIDUAY
OpenQASM msﬁmamagﬂu IBM Q Experience Qiskit ﬁﬁ]iflu Python, JavaScript I Swift
ANUABINIUATMIAAAY (Requirements and Installation)
A ?,‘, 1 3 . o <
ausaanaalaluy 0s 11919213)1 macOS, Windows 4ag Linux suiludeald
2 a & A 9 A 2
Python 3.7 vuld uaznlsaana Jupyter notebooks oAU code 1A run code NATDUH
1 U Y . ' Aas A ~ a ¥ . .oA 4
I ] 99U Anaconda 3 Lmul”JLLEJﬂ environment §1'N¢) a‘ﬁmwquﬂumﬁmm Qiskit ﬂf)mﬁcl‘]f
v o <3 a Lo &
pip AIANTUAALND Python 1AINITHUNAIE
pip install qiskit
J
Taennsal (Syntax)
v .. < < 9 o o ° o = .
Qiskit LﬂULLWﬂLﬂiﬂu Python ﬁmmmm‘smuammau@mTﬂﬂ%zumi 1mport
34 <) . . . = g Y] o w
nanau Quantum cicuits 1A% Quantum registes U ladAwy
% 1 9 . N
#198131%91% Quantum cicuits
1. from qiskit import QuantumCircuit
2. qc¢ = QuantumCircuit()
I oAy A .
Lﬂuﬂﬁ%iﬂﬁ‘ﬂl’lm\l qubits L& outputs
@ 1 Y .
CRREANIS AT Quantum registes
1. from qiskit import QuantumRegister
2. gr = QuantumRegister(2,'a")
I @ A ' o & 1
Wumsadradantls qubit NADI1 a 26231 1AL a0 al
1. qc.add_register( qr)
2. qc.qregs
I
Aumsaanzidon qubit (9110119995 qc
MBINWDUAY (Quantum Language)
I v Aq Yo o a 14 @ a 9y
OpenQASM lﬂuﬂ’l‘H']ﬂ'J’f]‘Llﬁ1]‘1/]slﬂfﬂ‘ﬂQ‘]Jﬂﬁﬂ‘m'f]ﬂJW?Lﬁﬂﬁﬂ?@uﬁuﬂﬁﬁiﬂﬂfﬂgﬂa']ﬂ
o _ ¢ g .
A1 Quil 1Az Forest 1ag1hen38inal1/ves OpenQASM azifulugiuu Gate uaz qubit Tag
1 Qiskit InmauiAad 115 uas1s OpenQASM
#10819 QASM
1. OPENQASM 2.0;

2. Include “gelib.inc”;



3. qreg q0 [1];
4. creg c0 [1];
5.h qo0 [0];

6. measure q0[0] -> c0 [0];

d d Y
133D UAN (Quantum Hardware)

=

Q

Qubits), QS1_1 (20 Qubits), IBMQXS5 (16 Qubits)

N1501009ADUAN (Simulated Quantum)

55

0 ¥ 1
Hotnsallaun IBMQX2 (5 Qubits), IBMQX4 (5 Qubits), ibmq 20 tokyo (20

IBM 11818092993A10UANNTINDUIATeuasd e uIauUD cloud computing

3199 3.4 A151951982DEANTNIIN Qiskit

Institution

IBM

Version

Version 0.36.1

Open Source

True

(0N

Mac, Windows, Linux

Requirements

Python 3.7+, Jupyter
Notebooks,

Anaconda 3

Classical Host Language

Python, JavaScript,

Swift
Quantum Program Language Qiskit
Quantum Language OpenQASM

Quantum Hardware

IBMQX2 (5 qubits),
IBMQX4 (5 qubits),
IBMQXS5 (16 qubits),

QS1 1 (20 qubits)

Simulator ~ 25 qubits locally, 30
through cloud

Features Generate QASM code,
topology specific

compiler, community
Slack channel, circuit

drawer, Aqua library
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ProjectQ

9 [

. < I s @ 1 2 °
Pro]ectQ Lﬂu&tWﬂﬁW'ﬂiﬂJcﬁ'ﬂT\lﬁLl')iﬂ')’ﬂu@llI@LWH‘ﬂf’ﬂﬁﬁ AIUITUNITATUINU

= (Z

o Aa wa A 1 o < s o I Aa
AIDUANNUAUTNUANITIFONADNULUNIDUAAIDUANUVDN IBM Fudunrouauny

q

a

a o @ a 14 gg a o

Usz@nsnmgs Tsunsudraesmouduaonimeitazlandu lausinaiead

ANUABINSUALNITANAY (Requirements and Installation)

a 2 2 9 . = = Yo &
MIAAAT Python 3.7+ 1UN1554 1% ProjectQ teison lsada
1. python -m pip install --user projectq
4
Taennsal (Syntax)
=\ & 1 4

Whwnueves ProjectQ  Aodnli lrernsaiidnlodre e ldaunsaFous 1d
' v & . =2 A a A YA v o d a S Aq Y ara 4
18 A91Y ProjectQ W uvvaunlnamssnudynsanalamaainleludand

CRREAN applying an x-rotation by an angle theta to a qubit

1. Rx(theta) | qubit

{ o oA o ara g < .
Tuvazidynssinaeandosnuluil@ndeziiu R, () ]qubit)
MBINDUAN (Quantum Language)
A s 4 @ . =3 1A o

9910 IluIneUARIDUARNIY ProjectQ 33 1NN THIAIOUANIANIZVDS
@ = Y . ' @ < J @ A <] I
#7199 ¥11NUN13 1% ProjectQ 3uNLINOUAYDY IBM 51 e lungangnuilaii)u OpenQASM
= d = o
FUUUNMV WO FUVANIDUANVDI IBM

d d LY
J13AUITNIDUAN (Quantum Hardware)
= o A R o 19 9 <3 J o

lifimeuduneuiiuaeiuvesddewa lFauuiineuasIuny IBM

N1591809AOUAN (Simulated Quantum)

ClassicalSimulator @1115Un159180491AA90E19T52ANTAINIDTUUAD 29957

d v 4 1 v 2
Usznoudrainnainuesia laesuesnguimia Fa1unsnd3 199U 1NHadmard, CNOT tag

1 9 1
Uszauld 1509518091 e1115090M5 qubits UWUINeAT 90 1@
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15197 3.5 A1519519AZDIANINTIN ProjectQ

Institution ETH Zurich

Version Version 0.7.3

Open Source True

(O Mac, Windows, Linux

Requirements use pip version v6.1.0+
, Python 3.7+

Classical Host Language Python

Quantum Program Language ProjectQ

Quantum Language -

Quantum Hardware can connect

to IBM backends

Simulator 28 qubits locally
Features Draw circuits, connect
to IBM backends,

multiple library

plug-ins

Quantum Developer Kit (Q#)
¢ s oA o S < o A
uwaarlesuserdusNinaueluunanuil edralsnan QDK Hugueniz i
o ] 1 { {2 U
whumoudn Tnd Sona1 Q4 NUNTYIANNMITNUTNTINY Visual Studio 1ag Visual Studio
Code taza@WN3091009n0UAN TA2995g9049 30 qubits
ANUABINISHAZNIANAT (Requirements and Installation)
) '
A13159AAA3 QDK 11 Visual Studio Code Tagl9eas
dotnet new —i “Microsoft.Quantum.ProjectTemplates::0.2 -- *”
d
Taensal (Syntax)
o ' Y ' ' 9 Y A o =
Tennsaives Q4 Aoudaana1991n 3 Muneuni IndiResny C# azaziden
M Python TagIdAIAI0E19 ramdom bit generator circuit in Q#

1. Operation ramdom() : Int

2.4
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3. body

4. {

5. Mutable measured = 0;

6. Using (qubit = Qubit [1])

7.4

8. Set (Zero, qubits [0]);

9. H(qubit [0]);

10. let res = M (qubit [0]);

11. If (res == One)

12. {

13. Set measured = 1;

14. }

15. Set (Zero, qubits [0]);

16. }

17. return measured;

18.}

19.}

MBINWDUAY (Quantum Language)

QDK 'ifianwannsaludegiulunsideoudesuvessSenentiunes ey
F1501135A 19U (Quantum Hardware)

oDk lifianuannsaludagiulunsisendeduvesssneniiamesateudy

safus e lifinndida
N1591809AOUAN (Simulated Quantum)
luin3esnouinaesvesdld QDK saudunsessiaesmeuduiiannsadonly
1995YB9XINDY 30 qubits QDK éhfﬁmmgm%wﬁuiﬂﬂﬁﬂﬁwmmm ProjectQ fafu mat

szansmnaz1ndiReant Project
]
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3197 3.6 M151951992199ANTNTIN Quantum Developer Kit (Q#)

Institution Microsoft
Version Version 0.24.208024
Open Source True

oS Mac, Windows, Linux
Requirements Visual Studio Code
Classical Host Language C#

Quantum Program Language Q#

Quantum Language

Quantum Hardware

Simulator 30 qubits locally, 40
through Azure cloud
Features Built-in algorithms,

example algorithms

9 9
v W

3.5.3 (DAAAING 4 Platforms

1&un Forest (pyQuil), Qiskit, ProjectQ 8¢ Quantum

Developer Kit (Q#) 11 1Aae framework NATOLU function 1A Quantum Algorithm A4 g 7

ansoldauesls1drha

Forest (pyQuil)

M13197 3.7 A159NATOY Function LAy Quantum Algorithm U84 pyQuil

Algorithm

pyQuil

Random Bit Generator

Teleportation
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3.5.5 111 2 Platforms 18uA AdfigalumsnfFeufiennmsamiadsednsamms
MUV VIN809 (Simulator Performance) Taems 14 Shor's algorithm lumsiawa
#19814 code Qiskit
import matplotlib.pyplot as plt
import numpy as np
from qiskit import QuantumCircuit, Aer, transpile, assemble
from qiskit.visualization import plot_histogram
from math import ged
from numpy.random import randint
import pandas as pd
from fractions import Fraction
import time
def ¢_amod15(a, power):
"""Controlled multiplication by a mod 15"""
ifanotin [2,4,7,8,11,13]:
raise ValueError("'a' must be 2,4,7,8,11 or 13")
U = QuantumCircuit(4)
for iteration in range(power):
ifain [2,13]:
U.swap(0,1)
U.swap(1,2)
U.swap(2,3)
ifain[7,8]:
U.swap(2,3)

U.swap(1,2)




U.swap(0,1)
ifain[4, 11]:
U.swap(1,3)
U.swap(0,2)
ifain[7,11,13]:
for q in range(4):
U.x(q)
U =U.to_gate()
U.name = "%i"%i mod 15" % (a, power)
¢_U = U.control()
return c U
def gft dagger(n):
"""n-qubit QFTdagger the first n qubits in circ"""
qc = QuantumCircuit(n)
# Don't forget the Swaps!
for qubit in range(n//2):
qc.swap(qubit, n-qubit-1)
for j in range(n):
for m in range(j):
qe.cp(-np.pi/float(2**(j-m)), m, j)
qc-h()
gc.name = "QFT{"

return qc

def gpe_amod15(a):
n _count =8
qc¢ = QuantumCircuit(4+n_count, n_count)
for q in range(n_count):
qc.h(q)  # Initialize counting qubits in state [+>

gc.x(3+n_count) # And auxiliary register in state |1>
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for q in range(n_count): # Do controlled-U operations
qc.append(c_amodl15(a, 2**q),

[q] + [i+n_count for i in range(4)])
qc.append(gft_dagger(n_count), range(n_count)) # Do inverse-QFT
gc.measure(range(n_count), range(n_count))

# Simulate Results

aer_sim = Aer.get_backend(‘aer_simulator’)

# Setting memory=True below allows us to see a list of each sequential
reading

t_qc = transpile(qc, aer_sim)

qobj = assemble(t_qc, shots=1)

result = aer_sim.run(qobj, memory=True).result()

readings = result.get memory()

print("Register Reading: " + readings[0])

phase = int(readings[0],2)/(2**n_count)

print("Corresponding Phase: %f" % phase)

return phase
a=7
N=35

for x in range(10):
print("\nthe times %i:" %(x +1))
factor found = False
t0 = time.time()
# tic = time.perf_counter()
attempt =0
while not factor found:
attempt += 1

print("\nAttempt %i:" % attempt)
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phase = qpe_amod15(a) # Phase = s/r
frac = Fraction(phase).limit denominator(N) # Denominator should
(hopefully!) tell us r

r = frac.denominator

print("Result: phase = %i" % phase)
print("Result: frac = %i" % frac)
print("Result: r = %i" % r)
if phase 1= 0:
# Guesses for factors are ged(x™{r/2} +1, 15)
print("Result: gcd al = %i" % (a**(1//2)-1))
print("Result: ged a2 = %i" % (a**(r//2)+1))
guesses = [ged(a**(1//2)-1, N), ged(a**(r//2)+1, N)]
print("Guessed Factors: %i and %i" % (guesses[0], guesses[1]))
t1 = time.time()
total = t1-t0
print(total)
factor_found = True
for guess in guesses:
if guess not in [1,N] and (N % guess) == 0: # Check to see if guess is a
factor

print("*** Non-trivial factor found: %i ***" % guess)

#19814 code ProjectQ
import math
import random
import sys
from fractions import Fraction

import time
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try:
from math import ged
except ImportError:

from fractions import gcd

from builtins import input

import projectq.libs.math
import projectq.setups.decompositions
from projectq.backends import ResourceCounter, Simulator
from projectq.cengines import (
AutoReplacer,
DecompositionRuleSet,
InstructionFilter,
LocalOptimizer,
MainEngine,
TagRemover,
)
from  projectq.libs.math  import =~ AddConstant, = AddConstantModN,
MultiplyByConstantModN
from projectq.meta import Control
from projectq.ops import QFT, All, BasicMathGate, H, Measure, R, Swap, X,

get_inverse

defrun_shor(eng, N, a, verbose=False):
Run the quantum subroutine of Shor's algorithm for factoring.
Args:

eng (MainEngine): Main compiler engine to use.
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N (int): Number to factor.

a (int): Relative prime to use as a base for a"x mod N.

verbose (bool): If True, display intermediate measurement results.
Returns:

r (float): Potential period of a.

n = int(math.ceil(math.log(N, 2)))

x = eng.allocate_qureg(n)

X | x[0]

measurements = [0] * (2 * n) # will hold the 2n measurement results

ctrl_qubit = eng.allocate qubit()

for k in range(2 * n):
current a =pow(a, 1 <<(2*n-1-k),N)
# one iteration of 1-qubit QPE
H | ctrl_qubit
with Control(eng, ctrl_qubit):

MultiplyByConstantModN(current_a, N) | x

# perform inverse QFT --> Rotations conditioned on previous outcomes
for i in range(k):
if measurements|[i]:
R(-math.pi / (1 << (k - 1))) | ctrl_qubit

H | ctrl_qubit

# and measure
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Measure | ctrl_qubit

eng.flush()

measurements[k] = int(ctrl_qubit)
if measurements[k]:

X | ctrl_qubit

if verbose:
print("\033[95m{}\033[0m".format(measurements[k]), end="")

sys.stdout.flush()

All(Measure) | x
# turn the measured values into a number in [0,1)
y = sum([(measurements[2 *n - 1 -i] * 1.0 / (1 << (i + 1))) for i in range(2 *

n)])

# continued fraction expansion to get denominator (the period?)

r = Fraction(y).limit_denominator(N - 1).denominator

# return the (potential) period

return r

# Filter function, which defines the gate set for the first optimization
# (don't decompose QFTs and iQFTs to make cancellation easier)
def high_level gates(eng, cmd):
"""Filter high-level gates."""
g = cmd.gate
if g == QFT or get_inverse(g) == QFT or g == Swap:
return True

if isinstance(g, BasicMathGate):

return False
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if isinstance(g, AddConstant):
return True
elif isinstance(g, AddConstantModN):
return True
return False
return eng.next_engine.is_available(cmd)
if name ==" main ":
# build compilation engine list
resource_counter = ResourceCounter()
rule_set = DecompositionRuleSet( modules= [ projectq. libs. math,
projectq.setups.decompositions])
compilerengines = [
AutoReplacer(rule_set),
InstructionFilter(high level gates),
TagRemover(),
LocalOptimizer(3),
AutoReplacer(rule_set),
TagRemover(),
LocalOptimizer(3),

resource_counter,

# make the compiler and run the circuit on the simulator backend

eng = MainEngine(Simulator(), compilerengines)

# print welcome message and ask the user for the number to factor
print(
"\n\t\033[37mprojectq\033[Om\n\t-------- \n\tlmplementation of Shor" "\'s

algorithm.",
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"

end="",
)
N = int(input("\n\tNumber to factor: '))

print("\n\tFactoring N = {}:\033[0m".format(N), end="")

# choose a base at random:
# a=int(random.random() * N)

a=7

for x in range(10):
print("\nthe times %i:" %(x +1))
t0 = time.time()
# if not ged(a, N) == 1:
# print("\n\n\t\033[92mOoops, we were lucky: Chose non relative prime"
" by accident :)")
# print("\tFactor: {}\033[0m".format(gcd(a, N)))
# else:
# run the quantum subroutine

r=run_shor(eng, N, a, True)

print("\nthe r %i:" %(r))

# try to determine the factors
ifr%2!=0:

r*=2
apowrhalf = pow(a, r >> 1, N)
f1 = ged(apowrhalf + 1, N)

2 = ged(apowrhalf - 1, N)

print("\nthe 1 %i:" %(f1))
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print("\nthe 2 %i:" %(f2))

if (not f1 * 2==N) and f1 * 2> 1 and int(1.0 * N/ (f1 * £2)) * {1 * 2 ==

N:
f1, 2 =f1 * £2, int(N / (f1 * £2))
if fl *f2==Nand fl > 1 and 2> 1:
print("\n\n\t\033[92mFactors found :-) : {} * {} = {}\033[0m".format(f1,
2, N))

else:

print("\n\n\t\033[91mBad luck: Found {} and {}\033[0m".format(f1, f2))
tl = time.time()
total = t1-t0

print(total)
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Institution Rigetti IBM ETH Microsoft
Zurich
Version Version 3.1.0 Version 0.36.1 Version Version
0.7.3 0.24.208024
Open Source True True True True
(O Mac, Windows, Mac, Windows, | Mac, Mac,
Linux Linux Windows, Windows,
Linux Linux
Requirements Python 3, Python 3.7+, use pip Visual Studio
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Anaconda Jupyter version Code
Notebooks, v6.1.0+
Anaconda 3 , Python
3.7+
Classical Host Language Python Python, Python C#
JavaScript,
Swift
Quantum Program Language pyQuil Qiskit ProjectQ Q#
Quantum Language Quil OpenQASM - -
Quantum Hardware IBMQX4 (5 can -
qubits) connect
to IBM
backends
Simulator 20 qubits locally, | 25 qubits 28 qubits 30 qubits
26 locally, 30 locally locally, 40
qubits with most | through cloud through
API Azure cloud
keys to QVM,
30+ w/
private access
Features Generate Quil Generate Draw Built-in
code, QASM code, circuits, algorithms,
example topology connect example
algorithms in specific to IBM algorithms
Grove, compiler, backends,
topology-specific | community multiple
compiler, noise Slack channel, library
capabilities in circuit plug-ins

simulator,
community

Slack channel

drawer, Aqua

library
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1% Shor's algorithm

M3199 4.4 15801R8UAY Shor's algorithm A1 N = 9 gz A =7

30 ‘]Jﬁ Qiskit ProjectQ
1 2.40954447 s 2.01663184 s
2 5.54915786 s 1.98466611 s
3 3.70509219 s 2.03954601 s
4 1.78720474 s 2.05552125 s
5 1.81219649 s 2.04152441 s




3.53849459 s

2.17916989 s

1.83213568 s

2.24403548 s

1.76524401 s

2.18113828 s

1.8849678 s

2.13827515 s

10

1.75230503 s

2.08143282 s

&0

nAaedlaen15IalszansnImNIsiaOUILUUT1a09910 Shor's algorithm 1N =9

uaz A =7 lagi9a1us1uIU 10 5OUNY 2 Platforms lagfiAunaeves Qiskit Ao 1.752305031

a =~ . A a =~ Y o d' A =
AUINLDE ProjectQ AB 2.081432819 ’Jumuaz%mmumwmuﬂuﬂa 3*3

a = 9 . =
M19h 4.5 1SeuNeuale Shor's algorithm NN =15Uas A=7

30U 17] Qiskit ProjectQ
1 3.48968816 s 1.86700034 s
2 6.33805609 s 1.83809328 s
3 1.58475614 s 1.82215524 s
4 1.63463664 s 1.82710242 s
5 1.56680894 s 1.87995052 s
6 1.56082726 s 1.89695406 s
7 1.92780399 s 1.78121448 s
8 1.63266611 s 1.88497162 s
9 1.71740556 s 1.88197255 s
10 1.52296567 s 1.93479419 s

Naaed lagn15Ialse@nsnInn15aIuLUUI1ae991n Shor's algorithm 1 N = 15

v Y H
waz A =7 1agNyinausIuIY 10 50UNY 2 Platforms 1AsNAUNABUDY Qiskit AD 1.52296567

a o . A a o Yo A A o A
IUINLAE ProjectQ AB 1.934794188 31!11/]Llagqﬂﬂqﬁﬂﬂﬂlﬁmﬂuﬂuﬂ@ 3*5



M3197 4.6 1W5ou1HeAY Shor's algorithm | N =21 Ay A =7

9 mﬁi Qiskit ProjectQ
1 1.63365674 s 3.58640289 s
2 4.5603838 s 3.57647491 s
3 1.50495028 s 3.51461673 s
4 3.34109545 s 3.5863812 s
5 1.71940541 s 3.67417979 s
6 1.48303795 s 3.64924908 s
7 3.45604491 s 3.52755427 s
8 1.46907043 s 3.92749572 s
9 1.52691674 s 3.5953896 s
10 1.44914031 s 3.50773811 s

&1

naaedlagn13IalssansnnmsIOULUUI1a09910 Shor's algorithm 91 N = 21
H Y H H
waz A =7 IagNyinausIuIu 10 5oUNT 2 Platforms 1AsNARA8UDS Qiskit D 1.44914031

a ~ . Aa o ~ 1 o . . Y
JUIRAUAE ProjectQ A® 3.507738113  Iuiiuas lamiaeun lumieuny Qiskit 1@ 3*7 uas

ProjectQ 1@ 1%21

15199 4.7 1SeuReudne Shor's aleorithm 71 N = 25 1Az A =7

30 ‘]J‘I:/% Qiskit ProjectQ
1 1.74334645 s 3.94545245 s
2 1.58273458 s 3.57205176 s
3 3.2812562 s 3.54950285 s
4 2.80220062 s 3.57150936 s
5 1.63801026 s 3.55678606 s
6 3.2552948 s 3.58054113 s
7 1.67053437 s 3.72503757 s
8 1.75630116 s 4.14591742 s
9 3.36400342 s 3.73101711 s
10 1.81813812s 3.83870769 s
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naaedlagn15IalssansnumsIOULUUIIa09910 Shor's algorithm 91 N = 25

' 9 v v
waz A =7 TagM19Iu9 1IN 10 50UNY 2 Platforms IA8NAURAYUDY Qiskit AD 1.818138123

a A . A a a Yo A A o A
IUINLAE ProjectQ AB 3.838707685 'Ju'lﬂllaylﬂﬂ']@]@‘lnfllﬂil’E-Jclfv!ﬂl‘!ﬂ@ 1*¥25

3197 4.8 1WFeuHeAY Shor's algorithm I N = 33 1Ay A =7

3 i)‘iﬁi Qiskit ProjectQ
1 1.52555609 s 731152129 s
2 1.47408199 s 7.10331345 s
3 1.52788258 s 7.16430426 s
4 4.90496874 s 7.05113697 s
5 3.44486094 s 6.91592693 s
6 1.49899149 s 7.44110012 s
7 3.21739578 s 7.05923867 s
8 1.62964225 s 7.28030992 s
9 1.49799442 s 6.98232651 s
10 1.64859009 s 7.44700527 s

nAaedlaon5IalseansnmnsiauIUUT1a09910 Shor's algorithm A1 N = 33

waz A =7 lag19a1us1uIU 10 50UNA 2 Platforms lagiAnunaeved Qiskit Ao 1.648590088

JUTaE ProjectQ AD 7.447005272 Iuriuas lamaeuilounude 3%11

M13197 4.9 1158UHeUAY Shor's algorithm i N =35 uaz A =7

30 ‘]J‘I:/% Qiskit ProjectQ
1 3.50879526 s 7.74524069 s
2 1.80925226 s 8.18155551 s
3 1.90680695 s 7.90590477 s
4 1.87920046 s 7.47014952 s
5 7.29190016 s 7.39980388 s
6 1.87835717 s 7.4753828 s
7 1.71040463 s 7.67493176 s




8 1.75269651 s 7.79955482 s
9 3.49825406 s 7.93472242 s
10 1.67679453 s 8.01993132 s

&3

Naa0d laen15Ialse@nsnInmsiOULUUI1a0991n Shor's algorithm 91 N = 35

v P v '
waz A =7 lagNMaIusIUIU 10 5OUNY 2 Platforms laeNAURA8V0S Qiskit 1D 1.676794529

A a . A a o Yo AN oroA o L. v
IUINUAY ProjectQ AD 8.019931316 ’Jumuax%msslemnllumummu Qiskit Vlﬂ 5*7 1Y

ProjectQ 1 135

M13197 4.10 W38U1HeUAI Shor's algorithm 71 N = 39 1Az A =7

bl E]‘]J‘ﬁ Qiskit ProjectQ
1 1.8260808 s 7.76069999 s
2 3.70181537 s 8.16374111 s
3 1.87399006 s 7.94822216 s
4 1.77628732 s 8.12110138 s
5 1.93478727 s 8.40496469 s
6 5.26448178 s 7.83407044 s
7 1.76703882 s 8.48078704 s
8 1.63510537 s 7.80121803 s
9 3.6841805 s 8.23250794 s
10 1.81841135 s 8.5355165 s

Naaee lagn5Ialse@nsnInn1sMaOIuLUUI1809910 Shor's algorithm 91 N = 39

v 9 1 1
waz A =7 IagNM1aIusIUIU 10 39UNA 2 Platforms 1AgNANASUDY Qiskit AD 1.81841135

a A . A a a Yo A A o A
IUINLAE ProjectQ AB 8.5355165 'J‘HTVILlﬁgqﬂﬂqﬁﬂﬂﬂlﬁmﬂuﬂuﬂ@ 3*13



3197 4.11 1WSeuiouale Shor's algorithm I N = 55 g A =7

9 mﬁi Qiskit ProjectQ
1 3.37991738 s 7.69125152 s
2 1.71943283 s 8.30282068 s
3 1.76198125 s 7.61241388 s
4 3.4963541 s 7.62816405 s
5 3.64624953 s 7.63380146 s
6 1.68155718 s 7.76736641 s
7 1.82079053 s 7.82383132 s
8 1.73804426 s 8.05775285 s
9 5.37947154 s 8.38981724 s
10 2.05893493 s 8.08801746 s

naaedlagn13IalssansnumsIaOULUUI1a09910 Shor's algorithm 91 N = 55

uaz A =7 lagNM19a1us 11U 10 TOUNY 2 Platforms lagiAURaev0q Qiskit AD 2.058934927

118¢ ProjectQ A 8.088017464 Liaz lamneuiilounufe 5*11

A15199 4.12 1SeuReuA8 Shor's algorithm 1 N = 65 1Az A =7

30 ‘]J‘I:/% Qiskit ProjectQ
1 1.67911005 s 16.6661744 s
2 1.70733285 s 16.0571299 s
3 3.86532354 s 16.1774898 s
4 1.78388715 s 16.6335371 s
5 1.80377388 s 16.601738 s
6 1.78375816 s 16.166909 s
7 1.828125 s 15.3442585 s
8 1.83175635 s 16.0300951 s
9 1.90489316 s 15.4067061 s
10 1.6948514 s 15.4971001 s

&4
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naaedlagn15Ialseans N umMTIMOULLUIIa09910 Shor's algorithm 91 N = 65
v ) ] v
waz A =7 TaeAM19IuI I 10 5OUNY 2 Platforms TASNARASVDY Qiskit AD 1.694851398

A o . A a a Yo Ay 1A o R
IUINLAE ProjectQ AD 15.49710011 'Ju’W]LLa$1ﬂﬂ1@]ﬂﬂﬂ1hlﬁﬂﬂﬂﬂu Qiskit llﬂ 5*%13 1Y

ProjectQ 191 1%65

A5199 4.13 1SeuReuAe Shor's algorithm 1 N =77 ag A =7

3 E]‘]Jﬁ Qiskit ProjectQ
1 4.01446581 s 16.1296835 s
2 1.88286805 s 15.8890388 s
3 1.98422956 s 16.3092031 s
4 1.75864244 s 17.6504595 s
5 3.40062976 s 17.5179324 s
6 2.20947933 s 17.2953129 s
7 1.76713872 s 17.8826678 s
8 9.52694917 s 18.5774808 s
9 1.64702797 s 18.0826783 s
10 1.77965546 s 17.5678787 s

naaeelaen15IalseansmWNIsINaOUILUVT1809910 Shor's algorithm N1 N = 77
] Y ] 1
waz A =7 Taei19Iu9 149U 10 50UNY 2 Platforms JASNANRASVDY Qiskit AD 1.779655457
JUAUAE ProjectQ AB 17.56787872 Junfiuaz lamiaoui limilouny Qiskit b4 7*11 tag
ProjectQ 1@ 1%77
dy ) = a A o o ?.’,
TunmsneaaesiilumsifSeumevlse@nsnInn1sMIuLUUIIADIN 2
J 9 1 . . . 9 . [ [

uwanwesy laun Qiskit tiaz ProjectQ Taald Shor's algorithm 1agn15 baseAn N 910 9, 15, 21,

25,33, 35, 39, 55, 65 1182 77 91UA1AULAE a A10d

U

= Y1 A P
n7 Gla’e]ﬂnm%ulﬂmmaﬂﬂlm Qiskit AT N

o o A ' ' A Y 1 a ~ X ¥ A
ﬁ]ua]ﬂUﬂﬂﬁTfJNTTﬂﬂﬂTlﬂaﬂﬁ]gllﬂ@ﬂ‘ﬂ 1.721978688 1UINiLAE ProjectQ ﬂgulﬂf’]gm

U

7.65181222 31
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Average performance of Shor's algorithm

Qiskit vs ProjectQ

20
1= 15 /
“é 1‘; ————
0

9 15 21 25 33 35 39 55 65 77
e Qiskit 1.75231 1.52297 1.44914 1.81814 1.64859 1.67679 1.81841 2.05893 1.69485 1.77966
=== ProjectQ 2.08143 1.93479 3.50774 3.83871 7.44701 8.01993 8.535528.08802 15.4971 17.5679

FIUIUANLRAYVINUATVINNITNAFDU

s QiSKit === ProjectQ

M 4.2 3iamanRasmInadoun/Toumeulsz@nEnMnIMauIDTIa0Y Qiskit Ay

ProjectQ
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