


Quantum Computing
for Al Engineers

Foundations, Limits, and Future Possibilities

Alireza Rahmani

Senior cloud Architect - Red Hat

Va

S

OPEN SOURCE SUMMIT

NORTH AMERICA

Minneapolis

18-20 MAY 2026



01

Why Quantum
Computing Matters

What We'll Explore

02 03 04
7o\ 7\

Core Quantum Quantum + Al Current Limitations
Concepts & Reality Check

05

</>

Open Source
Quantum Ecosystem



WHY QUANTUM
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Evolution of Computing: Classical to Quantum
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QUANTUM COMPUTING VS CLASSICAL COMPUTING




7~ Why does quantum computing matter?

Parallel Faster Industry Future
Exploration Discovery Applications Innovation




QUANTUM COMPUTING USE CASES
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CORE QUANTUM CONCEPTS
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UBIT: MORE THAN A BIT

CLASSICAL BIT QUBIT CLASSICAL BIT QUBIT

hblies e saibieE ARG T If the coin is on the table — If the coin is spinning in the air —
it can be only 0 or 1. qubit can be in superposition of 0 and 1. Heads |0) or Tails [1) S e o i
) at the same time
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\\ // \/ |~ o . =1 where a, 8 € C and

State |0) State |1) laf? + B2 =1
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. (s | |

" Heads |0) and Tails |1)

A classical bit can be either O or 1, A qubit can be 0, 1, or both 0 and 1

It is in only one state at a time. at the same time (superposition).

. Classic bit: definite 0 or 1 @ Qubit: probabilistic superposition of 0 and 1
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1 Superposition

Qubits Can Exist in Multiple Probabilistic States Simultaneously

In a classical system, Ina c?uantum system,
a bit is either 0 or 1. a qubitcanbe 0 and 1

at the same time.

0
[
(al) -
x - Superposition enables %} P °
a qubit to be in multiple S 7
|

states at once.

1

One state at a time Multiple states simultaneously
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ENTANGLEMENT
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Entanglement

Entangled Qubits Are Deeply Connected, No Matter the Distance

0

Measure Qubit A

When measured, ~—
it collapses to
Qor1.

&

Non-Local Correlation

Entangled qubits remain
connected, regardless of
the distance.

@

The state of one qubit
is instantaneously

correlated with the

‘w"*;_ state of the other. m ~

© @

L1l
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Stronger Than Classical Powerful Applications
Entanglement has no classical Enables quantum communication,
explanation and enables distributed computing, and

unique quantum advantages. advanced sensing.

0
/ . Qubit B Instantly
— Correlates
6
|
1

Its state is instantly
determined,
no matter how far
apart they are.

ris

Foundation of Quantum Power

Many quantum algorithms and
protocols rely on entanglement
to deliver exponential impact.



' COMMON QUANTUM GATES
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§ QUANTUM CIRCUIT

Sequence of quantum gates
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INTERFERENCE
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" MEASUREMENT

Quantum State

%

MEASUREMENT
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e (e.g. [0))

Outcome 1
(e.g., [1))

Classical Result
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18 HOW DO QUBITS WORK
IN QUANTUM COMPUTING?

® @ ® @ ®

INITIALIZATION SUPERPOSITION ENTANGLEMENT INTERFERENCE MEASUREMENT
|0} 0
4 - e Outcome 0
T ‘ \ - m > 4 (e.g., 10))
\ ‘ v R
\ |\ V1) WA - RE 1
) |~ ) Q =  BRRDRRREEYI s )
, 1111 1 THEH . T
v 4 : = NSt ™ v
_‘_ ’ — ’ . N Outcome 1
i ‘ -~ (eg. D)
1M 1)
Qubits startin a Qubits are put into Qubits become entangled, Probabilities interfere— Measurement collapses the
known state, typically |0). superposition of |0) correlating their states amplifying correct outcomes qubit state to |0) or |1)
and [1). instantaneously. and canceling incorrect ones. with certain probability.
/"“_., o S
< /



' QUANTUM ALGORITHMS

How they work

1 2 3
EXPLORE AMPLIFY SELECT
Use superposition to Use interference to amplify Measure to obtain the
explore many possibilities correct answers best solution

FAMOUS EXAMPLES

Shor’s Algorithm : : : Grover’s Algorithm {xg QAOA (Variational)
Factoring large numbers iy 0\\) Unstructured search Optimization problems



20 TYPES OF QUBITS

Superconducting Qubit

10)

Topological Qubit

10)

Trapped lon Qubit

[0)
&Py
b

I

Diamond Vacancy
Qubit (NV Center)

Photonic Qubit
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Qubit Technologies & Their Use Cases

T General quantum
Fast toda
. computing m ¥

{3
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IBM

Superconducting

@ Trapped lon & Chemisiry:& @/ Very accurate 0 IONQ IlonQ

o simulation
'\/\/\/ Photonic

Quantum K A Scalable with \I' .

networking K N light RSV
0r°o 02  Large-scale 020 *a8s*
o 2%0 N A o ) (0) i sc 0o
opooo eutral Atom &  aystems CQ’D Many qubits ,g QuEra QuEra

Spin Qubit 4=  Chip-based =% Semiconductor .
= - z |
@ (Semiconductor) - ELE scaling E ,[: compatible Intel At
7 Topolo.glcal @ Fault tolerance @ Error-resistant . Microsoft
(,E ) (Experimental) i
il

|Dﬂ\‘n Quantum Annealing @ Optimization @ j:ﬁj? 2 D:Wave D-Wave

-@ No single qubit technology dominates all use cases today.
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~ How Quantum Computing Helps Al
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Faster Optimization

LOGISTICS

D) PORTFOLIO ‘E=) SCHEDULING
OPTIMIZATION '\/

soN: || TTUE WED

@ B O ® U B 2 & 9 ©

Optimize Reduce fuel and Handle real-time Find optimal Balance risk Process huge Optimize Allocate machines Minimize delays
delivery routes operational costs constraints asset allocation vs. return datasets efficiently employee shifts & resources and conflicts
“""n - . e, . .
6 Quantum computing explores many possibilities simultaneously

to find better solutions faster for complex optimization problems.
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Q PROBABILISTIC
MODELING

K:x COMPLEX DATA
RELATIONSHIPS
0 ¢ Q - Q o /‘
TAW Q

@ J /)* ‘Q ‘
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' Strong relationship
@ Moderate relationship

. Weak relationship

Better Pattern Discovery

{\, BETTER PATTERN
N

\"“A/ DISCOVERY
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Improved Al Models

g QUANTUM O HYBRID
NEURAL NETWORKS L.I:" Al SYSTEMS
P s > @ Exzztaa:\ge g .
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e CLASSICAL QUANTUM
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Faster Training & Sampling

T4 72}

Parameter Tuning Simulation Acceleration
e 0o 0 0 o | |
, N '
x s 5 e WP g{‘ SRR . NEPA
e ¢ 0 o o @ ':;/ ' u @ \J

Large Search Space Optimal Parame ters Complex Simulation Faster Results
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How Al Helps Quantum Computing
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Noise Reduction & Stability

Noisy Quantum System

Environmental noise causes
decoherence and signal distortion

o j o ) TR
ti@)&%‘ 9 ?\

Qubits

Noisy / Distorted Signal

Ayt o

SRR U Y

Thermal EM Vibrations Radiation
Noise Interference

Stable Quantum System

Reduced decoherence results in
stable qubits and reliable operations

— S FEDE=S y A B
>-<‘_>-<Q 0 >C >
Qubits
Clean / Clear Signal

@ @ .|||

Reduced Higher Better System
Decoherence Fidelity Performance Stability

\
N

|



30 Quantum Error Correction

Error Correction
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Qubits Q-QQQQ QK Q Q 0
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Error i
Al suggests corrections
to restore the correct state
v >
ERROR DETECTED
STABLE SYSTEM

QO OOQ

(ORI VA (OB VA )

Al detects anomalies
and locates errors



UNCALIBRATED SYSTEM

Qubits are misaligned and unstable

$ $ $ $ $

£l 7 ) ‘/’\\/ 1 ol = : 0 a
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Q1 Qé d3 Q4 65

POOR PERFORMANCE
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Al-Powered Calibration
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Drift & High Error
Misalignment Rates

(7

Unreliable
Results

Analyzes system data

Adjusts qubit parameters

Optimizes in real time

Maintains stability

Hardware Calibration

CALIBRATED SYSTEM

Qubits are aligned and stable

e T S Tl &
o/ T \/ \J

Q1 Q2 Q3 Q4 Q5

< = >
2" N

OPTIMAL PERFORMANCE

@ U

Precise
Alignment

i

Reliable
Results

Low Error
Rates



32 Quantum Circuit Optimization

, UNOPTIMIZED CIRCUIT

Qo E

% — l |
\ 1 J

a1 E

oF
Q> i Al-Powered Optimization q, { @

Q Analyzes circuit structure

% Identifies redundancies

Depth . Gates @ Cost Depth . Gates Cost
a P Applies transformation rules i @
28 ™ 42 High 11 18 Low

Minimizes depth and gates

B/ Q



33
%I;

Applications
Al Workloads

Hybrid
Compute
Layer

PN

Orchestration
& Cloud Layer
a
[

Infrastructure
Layer

Future Hybrid Infrastructure

Classical and Quantum Systems Working Together

Al & Quantum Workloads / Applications

llll O%\g gQ -%

Workflow Automation

Simulation Data Analytics

Al Model Training

Optimization

l i l

ﬁ \
g N 4 X & iy
Lilld (N
- - CPU GPU ' QPU
a| CPU | < —p «—> "
3| [~ General Purpose Al / ML Quantum
TTTTI Processing Acceleration Processing
k J & ), L J
\ T 4 4
4 A A

Cloud Access & Orchestration

fei

Workflow Orchestration

& &

Cloud APIs Service APIs / SDKs

A A A

Scheduling & Resource Mgmt.

pe

Datacenter / Cloud )

———> Data Flow - -=3 Control & Orchestration <«—>» Low-Latency Interconnect

HPC Clusters Edge / Distributed = --- >
Infrastructure

Key Benefits

€

Accelerated
Computing

©)

Solve Previously
Intractable Problems

Hybrid
Optimization

Secure &
Scalable

il

Future-Ready
Infrastructure

®)



Industry Examples

34 How Leading Organizations are Building the Future Quantum Stack

Google <A NVIDIA
Quantum Al NVQLink

System Engineering & Error Correction Hybrid Infrastructure & Al + Quantum Integration

Error Detection
& Correction

NVQLink
High-Speed
Interconnect

000 o | 4P
000 T ¥ E :
000 |
Superconducting Cryogenic Cloud Access Enterprise Qubit Error Correction Calibration ~ Hardware-Software Al Workloads Hybrid Orchestration Results &
Qubits Systems (IBM Quantum) Integration Scaling & Stability & Control Co-Design Algorithms & Runtime Insights

Focus: Real quantum hardware A2 Focus: Scaling, stability and full-system }{ Focus: Connecting GPUs and QPUs for
hybrid Al + quantum workflows

and cloud-accessible systems [l[]]l] engineering for fault-tolerant quantum computing
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Decoherence

Noise (NISQ) | Error Correction




37 The Security Side of Quantum Computing

NIST v Shor’s Algorithm FIPS 140-3
PQC Standards ‘ s Threat to RSA & ECC Cryptographic Modules



OPEN SOURCE
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Quantum Computing Stack

APPLICATION I ?f@ BS}\ a p @
LAYER ul AW

Optimization Simulation Al /ML Cryptography Drug Discovery Finance
P
SOFTWARE o i % 2o
LAYER $ N
Quantum Algorithms Libraries & SDKs Compilers Error Mitigation Quantum ML
UV = ]
CONTROL& \f)% . ) 7% |-/\/\F
ORCHESTRATION B == s )
LAYER Workflow Orchestration Job Scheduling Resource Management Hybrid Runtime Monitoring
HARDWARE @ ? 4) +
i ® B A\
Qubits Quantum Processor (QPU) Control Electronics Readout System Cryogenics

INFRASTRUCTURE o Q == @ @
LAYER == .
Cloud Platforms HPC / Data Centers Networking Storage Security

oy fof o (B % X %

Quantum does not replace Quantum advantage Most workloads still run on Large-scale fault-tolerant Hybrid systems are the
classical systems is still limited CPUs and GPUs systems do not yet exist near-term reality



HARDWARE LEADERS
™ (QUANTUM PROCESSORS)

Google
{1 1oNG
rigetti
(O Psiuantun

4% PASQAL

Superconducting
qubits

Superconducting
qubits

Trapped ions

Superconducting
qubits

Photonics

Neutral atoms

Quantum Computing Ecosystem:

Who Builds What

e CLOUD & PLATFORM /> SOFTWARE & DEVELOPMENT
| PROVIDERS (QAAS) —  ECOSYSTEM
aWws @ Qiskit IBM
Amazon Braket
C_' Cqu Google
=. Azure Quantum
| a Q# Microsoft

IBM Quantum

@ NVIDIA CUDA-Q, cuQuantum
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Category

SDKs &

Frameworks

Quantum Machine

Learning

Simulators

Cloud Quantum

Platforms

Compilers &

Runtime

Primary Focus

Open-Source Quantum Software Projects

IBM

Qiskit

Qiskit Machine

Learning

Qiskit Aer

IBM Quantum

Platform

Qiskit Runtime,
Qiskit Terra

Enterprise
Quantum

Ecosystem

https://github.com/gosf/awesome-quantum-software

Google

Cirg

TensorFlow

Quantum

gsim

Google Quantum

Al

Cirg Compiler
Stack

Quantum Al

Research

Microsoft

QDK (Q#)

Azure Quantum +

QML integrations

Quantum
Simulators in QDK

Azure Quantum

Quantum Runtime /
QIR

Hybrid Cloud
Quantum

Workflows

NVIDIA

CUDA-Q

CUDA-Q +

cuQuantum

cuQuantum

DGX Quantum

Integrations

CUDA-Q Compiler

GPU-Accelerated
Hybrid Quantum
Computing

AWS

Braket SDK

Braket Hybrid Jobs

Local & Managed

Simulators

Amazon Braket

Braket Runtime

Multi-Provider

Quantum Cloud Access
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Not a replacement

Specialized

Hybrid Al + Quantum

Start learning today
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Thank youl!

Find Me on LinkedIn



