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https://code.ornl.gov/olcf-qcfd/

Quantum Computing

A very brief Intro to QC
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Classical vs Quantum Computing

* Bitvs Qubit - information states Classical computing - Quantum computing -
Bit Qubit
 State of superposition — a combination of all 0
possible configurations .
« Store more information!
« Measuring will lead to collapse to a binary
state
O A
. Types of qubits: 2
Superconducting E
* Trapped ion o ‘
« Photons oo 1 1L
@©
 Neutral atoms ES ) = a|0) + B|1)

e Quantum dots |0) 1)
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https://www.ibm.com/think/topics/quantum-computing
https://www.ibm.com/think/topics/quantum-computing
https://www.ibm.com/think/topics/quantum-computing
https://github.com/olcf/hands-on-with-frontier/blob/master/presentations/Quantum_Primer_70125.pdf
https://drive.google.com/file/d/1B-V1lYjKFUXCVIZybcjFFeqW-fZUUHFE/view?usp=sharing

Key principles of quantum computing 0 6

1. Superposition

2. Entanglement — ability of qubits to correlate with each others’ ‘ n '
states

« Store even more information!
|lp) = a1|00) + 0(2|01) + 0£3|10) + a4|11>

»

3

3. Interference — information is structured like waves with
amplitudes
» Waves can amplify or cancel each other
« Amplitudes: Probabilities of the outcomes of measurement

Quasi-probabilities

4. Decoherence — collapse from quantum to nonquantum state
 Intentionally (measurement)
« Allows quantum computers to interact with classical

Cor_npUte,rS , , , _ 1) ~A = Classical Bit
« Unintentionally (interaction with environment) .
Qubit

0) 1)
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Working of a quantum computer

1. Qubits are prepared as superposition of states 3. Circuits are collection of gates

2. Gates used to operate on qubits and entangle 4. Quantum algorithms are collection of circuits to

them create desired interference between states
« Unitary operations
« Reversible 5. Measurement (amplified outcomes) gives
« Can operate on a single qubit or multiple solution

(entanglement)

Phase Estimation Inverse Phase Estimation
0y - ) a2 )
0) —

b —
LA J Y,
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Running a quantum algorithm

Simulator Classical Classical program modeling a quantum system in an ideal scenario
Emulator Classical Classical program modeling actual behavior of a quantum system
Real Quantum Physical hardware performing real quantum computations
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Quantum Linear Solvers

A brief Intro/Catchup
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Governing equations are discretized to create a set of
algebraic equations & assembled into Ax = b

V-u=0,
ou 1
—=— u-Vu —Vp+ -V’
ot u R P Re ti+s
nonlinear term v~

linear terms

Vip=-V-(u-Vu)

W
nonlinear term

Finite difference approximation

Desai e I , Combust. Flame, vol 257, 2023

Oua (i)  ua(Ti+0z) — ua(z; — )

oxr 20
D?uy () U (T 4+ 6%) + ua(Ti — 0T) — 2un(w;)
ox?2 dx? '
«Sx— Linear
¢ ' ? Solver -
Xi
¢ . +
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Quantum Linear Systems Algorithms (QLSA) solve Ax = b
problems using quantum computers

* A canonical QLSA: the Harrow—Hassidim—
Lloyd (HHL) algorithm
 Classical: O(N) (or higher for denser
non-symmetric matrices)
« Quantum: O(log(N))

3. Controlled Rotation |pf
_ _ Ancilla Qubit
* HHL can be used to solve fluid dynamics gt until ancilla measur

problems

|0 R,

* Detailed overview: See prg-recorged vide . l fw
035" 4 Jrom IQFT (JFL
https://gitﬂl})ié.com/oIcf/wcisc:,2025.git ] —

ng

j0y*™ ——— Load [b) H+ gt ]
1. State l 2. Quantum Phase ]
preparation | Estimation
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https://github.com/olcf/wciscc2025.git
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Quantum Hardware Access with QCUP

IQM Resonance & lonQ Cloud

13



Enable Research

Provide a broad spectrum of user
access to the best available
quantum computing systems

Evaluate Technology

Monitor the breadth and performance of
early quantum computing applications

Engage Community

Support growth of the quantum
ecosystem by engaging with users,
developers, vendors, and providers
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QCUP Operations Model: Cloud Access

@& -

Quantum
Computing
Community
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Multiple Quantum Computing Resources

General-purpose General-purpose General-purpose ion trap General-purpose ion trap
trasnmon systems trasnmon systems systems provide up to 56 systems provide up to 36
provide up to 156 qubits provide up to 56 qubits qubits qubits
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IQM Resonance

IQM provides access to quantum computing resources through their cloud platform, IQM Resonance.
» The 20 qubit Garnet, 16 qubit Sirius, and 54 qubit Emerald systems.

« |QM'’s quantum processors are made up of superconducting transmon qubits, utilizing multiple
topologies.

» User dashboard: https://resonance.meetigm.com/

OLCF Documentation: https://docs.olcf.ornl.gov/quantum/quantum_systems/igm.html

We'll be submitting jobs to Garnet via Python from Frontier
« "Pay-as-you-go" mode
« Certain windows where a queue is open
« "Timeslot" mode
« Reserved for today from 2-3 PM (Eastern)

Should've received an invite from me to create your account (not the same account as Frontier!!)
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https://resonance.meetiqm.com/
https://docs.olcf.ornl.gov/quantum/quantum_systems/iqm.html

The IQM Resonance Dashboard - |

|ZAM Resonance 3

Pay-as-you-go

Jobs in queue

IQM Garnet

W31 Mon

9:00

11:00

13:00

15:00

17:00

Pay-as-you-go

Dashboard Jobs Documentation Account
IQM Emerald < | 54 IQM Garnet < | 20 IQM Sirius 7 s
- Pulse Pay-as-you-go e Active Pulse Pay-as-you-go - Pulse
102 Jobs in queue 0 Jobs in queue 1
$ £ Full Calendar Job ID Created Completed Runtime QcC Status Mode

Tue Wed Thu Fri Sat Sun e8e71d 28 Jul, 14:27 28 Jul, 14:27 2s IQM Garnet © Completed Pay-as-you-go
eab685 28 Jul,13:35 28 Jul, 13:35 4s IQM Garnet (mock) @ Completed Mock run
49c0ae 13 May, 14:16 13 May, 14:16 4s IQM Garnet (mock) @ Completed Mock run

=] i ilabl
Booked timeslot Unavailable | jobs
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The IQM Resonance Dashboard - II

Your profile

Muralikrishnan
M G Gopalakrishnan Meena

gopalakrishm@ornl.gov

Workspace

Team

OLCF-UM-25

API Token

Email preferences

Required service notifications

[©)
IQM newsletter @
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The IQM Resonance Dashboard - Il

Availability calendar X
IQM Garnet b @ Pay-as-you-go slots are updated in real-time and may change as timeslot bookings are made.
‘ Today ‘ < ‘ > ‘ 4.8-10.8.2025 Week 32 ‘ Month { Week 1 List view ‘
04 Mon 05 Tue 06 Wed 07 Thu 08 Fri 09 Sat 10 Sun

1:.00 AM

2:00 AM

3:00 AM

4:00 AM

5:00 AM

6:00 AM

7:00 AM

8:00 AM

9:00 AM

10:00 AM

1:00 AM
12:00 PM
1.00 PM

2:00 PM
3:00 PM
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lonQ Cloud Console

lonQ provides access to quantum computing resources through their cloud platform, lonQ Quantum Cloud.
» The 25 qubit Aria and 36 qubit Forte systems.
» lonQ’s quantum processors are made up of trapped-ion qubits, utilizing multiple topologies.

» User dashboard: https://cloud.iong.com/

OLCF Documentation: https://docs.olcf.ornl.gov/quantum/quantum_systems/iong.html

We'll be submitting jobs to Aria via Python from Frontier

* Run using credits
* Priority window for today from 2-3:30 PM (Eastern)

 Limited credits for this tutorial — only run up to 500 shots

Should've received an invite from me to create your account (not the same account as Frontier!!)
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https://cloud.ionq.com/
https://docs.olcf.ornl.gov/quantum/quantum_systems/ionq.html
https://docs.olcf.ornl.gov/quantum/quantum_systems/ionq.html
https://docs.olcf.ornl.gov/quantum/quantum_systems/ionq.html
https://docs.olcf.ornl.gov/quantum/quantum_systems/ionq.html
https://docs.olcf.ornl.gov/quantum/quantum_systems/ionq.html
https://docs.olcf.ornl.gov/quantum/quantum_systems/ionq.html

The lonQ Cloud Dashboard - |

é l:'! IONG \ Oak Ridge National Laboratory Organization A E

M My Jobs |
My Jobs
W FProjects
1 Backends = Filter 7 Export
@t Settings Sllobs
o~ APIKeys Date ¥ Status Name Backend 1D Type Project Cost
S rt . . . s
Hppo 2025-07-31 15:57:09 EDT ® completed  circuit-194 simulator %  0198620f @ CFD181 $0.00
[0 Documentation
& API Reference 2025-07-31 15:55:57 EDT ®@ completed  Circuit-194 simulator %  0198620e 0 CFD181 $0.00
QS“DDO” Requests ) 2025-87-31 15:40:51 EDT @ completed  Circuit-194 simulator % 01986200 0 CFD181 $0.00
2025-07-31 15:40:33 EDT © completed  circuit-194 simulator # 01986200 0 CFD181 $0.00
2025-87-28 14:45:41 EDT © completed  circuit-194 simulator 7 01985252 0 CFD181 $0.00
2025-07-28 14:42:38 EDT © completed  circuit-194 simulator # 01985258 10 CFD181 $0.00
2025-07-28 14:41:26 EDT © completed  circuit-194 simulator # 01985256 10 CFD181 $0.00
2025-07-28 14:40:56 EDT © completed  circuit-194 simulator # 01985256 10 CFD181 $0.00
2025-07-28 14:39:41 EDT © completed  circuit-194 simulator # 019852550 CFD181 $0.00
2025-07-28 14:38:45 EDT © completed  Circuit-194 simulator % 01985254 0 CFD181 $0.00
. . . L. Personal Workspace (gopalakrishm@ornl.go
2024-10-24 15:40:41 EDT © completed  cCircuit-193 simulator 7 c3c2fdea @ V) pace (gop Gornt-90 <5 oo
. X . L. Personal Workspace (gopalakrishm@ornl.go
2024-06-21 12:07:20 EDT © completed  cCircuit-193 simulator 7  ca24dess V) pace (gop Gornt-90 <5 00
- ~———  Personal Warksnace (aanalakrishm@nrnl.an
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The lonQ Cloud Dashboard - Ii
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Generate API key

Give your key a descriptive name

What is this key for?

Choose a project this key will connect to
You need to be added to the project to generate an AP key for it

Choose project v

Cancel




The lonQ Cloud Dashboard - llI
Q

= IONQ Oak Ridge National Laboratory Organization$ A ﬂ
M My Jobs Projects / OLCF-UM-25
B Projects
W Backends Jobs Members
£ Settings .
Project Jobs
o= AP|Keys
Support

Total project cost

(Y Documentation
$0.00 / s0.00

&+ AP|Reference

B sSupport Requests

= Filter A Export

0 Jobs

Date ¥ Status Name Backend 1D Type Submitted by Cost

Q

No Jobs exist with your filter criteria

Try a different filter criteria.

Jobs per page 50 W 0-0of 0jobs < Previous Mext »
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The Hands-On Tutorial

Demo & Challenge
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& olcf /hands—on—with—frontier Public O ne

vices
and real de

he HHL circuit on simulators, emulators,

Run the o i g g

¥ master . ¥ 30 Branches © 0 Tags Q Goto file <> Code

. muralikrishnangm QLSA: Addeq job retrigya script: Updating IBM; proxies (#47) 387099z . vesterday Dars Commits
. l [ ] chaﬂenges QLSA: Added job retrieval script; Updating IBM; Proxies (#.,. vesterday
Demo TIme. ith—frontier [ ] images Pushing enmresa:- 2 years agg
://github.com/olcf/hands-on-w _—
httDS./ g P thon QLSA & pr 5 days ago
. n g e S/ y - 0 i 4 years agp
Go to: challe
° O t 0O uc 3 years ago
(3 rea months ago
3 ager l'-'pI nonths ago
Tasks: 3
o .
|
Cha"enge Tlme° TWO 0 Reap W =
i d study N
1. Shots-base Wel ] =5 0000
i oo Slhots
2. Backend evaluation What
: Frontier, located at Qak Ridge National Laboratory in Oak Ridge, TN, is one of the worlg's mast powerfy)
Supercompuyters dedicated to open scientific research. It hag lots of unique architectura) features that we'|| explore
~——_-Mputers

today, including:

* 64-core AMD “Optimizeq 3rd Gen EPYC" cpy (x9,408)
* AMD Mi250x GPU (x37,632)

* Single-Node performanee of 212TF (x 9,408)

* Node-joca) Memory / "Burst Buffer" of 3.84TB/Node

Navigating this Session

LEADERSHIP

OAK RIDGE | LEAperstr
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https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier

Logistics

1. When requesting Frontier node,
1. Use the reservation flag: --reservation=usermeeting2

2. Please request only 1 node per user

2. Due to limited resources, lonQ runs are capped at 500 shots — try to use the resource sparingly

%OAK RIDGE | G2E

National Laboratory | FACILITY



Sample results of running on lonQ

| > 101 T“c':m:';tzz
A
0.9 4
1.0 1 0.8 4
0.9 | Fy
o 0.7 1
=]
=
0.8 4 :
0.6 1
|
z 1
T 071 1.000 -
5 ! 0.5 - - . '
1 —e— ideal simulator
0.6 1 : —8— aria-emulator 0.995 -
1 0.4 1 —o— aria-1
1 T T T T 0.990 -
0.5 4 100 200 300 400
! —e— ideal simulator Number of shots
1 —8— aria-emulator 0.985
0.4 4 : —o— aria-1 oy
T T T T T T _g 0930_
0 200 400 600 800 1000 i
Numbey of shots
0.975 A
0.970 4
—&— ideal simulator
0.965 1 —&— aria-emulator
—o— aria-1
» 0.960 T T T T T T
500 600 700 800 900 1000

Mumber of shots
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https://github
Ps.//0 .com/olcf/h
olcf/hands-on-with-f i A
. Got rontier 202
o to: chall
E I - ——— ;olver
xplore more!
——s
Murali G {‘f
1. Sh =
: ots-based study — uncertainty i § « 3
2 alnty in results L Backends : =
. Backend evaluation — quasi ] A= i
2 B quasi-probability distribution Lo ol =
. Bonus: Solve the Hele—Sh 68 veo N
aw flow Shnets I
. PrRo{':‘:[cé %D for BCCESSINE rann —
T =0
« Timeline: —_
Tr 0.6 - ~ Competition period: 10-15 February 2025 .000
_ Submission deadline: 15 February 2025, 5 pm Pacific
y Out Our 2025 WCISCC $ 0.5 _ Mentor support: 10—I4Fchruary2()25,9am—Smeaslcm
St u d en t C h a | I e | b= _ Evaluation/scoring period: 17-21 February 2025
htt . . n ge ! % 0.4 + 1QM availability: ke_sherbrooke
p S . / / Ql t h u b C O m / | . e _ Two 1-hour slots per day ar¢ reserved on JQM Garnet for the challenge. rrmet:mock
* 0] Cf/WC|SCC 2025 - a8 0.3 1 - M@pm), TA0 am, 3 pm), W (10 am.3pm).Th(l()am.?:pm}.F(m am, 3 pm) All times Eastern rsim
. g It IG 0 _ Utilize these slots since usage is free during this ime. Other times will need credits, which are limited.
g 27 + Need help? Reach out o us in the Slack channel. Note that mentor support will be during 9 am - 5pm (Eastern)}
o from 10-14 Februaty 2025.
0.1 A i
0.0 4 Challenge
o - » Goal: Perform parametric study of a quanfum linear systems algorithm (QLSA) on simulators, enulators, and
(P()QCPQP real devices.
d « Objectives:
1. Shots-based st d
_uébjxfivizucznvcrgcnm of the accuracy { fidelity) with the number of shots. }01'\;\'?\"\,\"\'
— Try changing the shots parameter and see how the fidelity of the results changes. Rl
~ Complete the following tasks 10 solve the tridiagonal Toephitz matrix problem.
0.0¢ — Run on simulator only.
~ Tasks:
(a) Convergence plot of fidelity for solving matrix of size 2 % 9. Shot range from 100 to 1,000,000 J
Report your deduction of the converged shot value. (5 points)
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https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/wciscc2025.git

oP e

Questic

ithub.com/olcf/hands-on-with-frontier

ERNEERE)
BEnnmuy Ew &


https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
https://github.com/olcf/hands-on-with-frontier
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