
8/23/25

1

Quantum Informatics Research Group

Computing throughout History

Very Early

Fingers

1

Quantum Informatics Research Group

Computing throughout History

Very Early 2nd Century BC

Fingers

Abacus

2



8/23/25

2

Quantum Informatics Research Group

Computing throughout History

Very Early 2nd Century BC 1642

Fingers

Abacus

Pascaline

3

Quantum Informatics Research Group

Computing throughout History

Very Early 2nd Century BC 1642 1837
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Computing throughout History

1943-5

ENIAC

Bombe

1939 1955

Zuse Z22

Late 1950’s

IBM Standard 
Modular System
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Computing throughout History

1971

Intel 4004
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Computing throughout History

1971 2010

Intel 4004

ARM Cortex
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Computing throughout History

1971 2010 2017

Intel 4004

ARM Cortex IBM Quantum Computer
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May 7, 1981
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July 13, 1984
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What is quantum parallelism?
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What is quantum parallelism?
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How is quantum parallelism possible?

Bit (electronic)
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How is quantum parallelism possible?

Bit (electronic) Qubit (quantum)

Part 0 and Part 1!

Qubit (example)

Parallelism in Information Representation
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What happened between 1984 and now?

Better Components (Improvements in precision and performance):
Feature 1984 Today

Semiconductor Feature Size 1000 nm 14 nm

Single Photon Source Efficiency 9% 70%

Single Photon Detector Efficiency 20% 90%

Better Infrastructure (Access to that performance): 
• Design SW, 
• Foundries for Electronics … now photonics

Quantum Informatics is moving from Physics to Engineering
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Bell State Oscillator

• First Quantum 
Oscillator

• “Bell State Oscillator”
• First incidence of 

feedback in a 
quantum system
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Why Oscillators?

• Clock
• Synchronization
• Counters
• Memory
• Sensors
• Random number generators
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Engineering Doctrine – QIS Design

Architecture/Algorithm
Elegance

Software Development Device Development

Realization
Messy – Impairments, detailed physics of devices

Therefore, theory of Realization may not match that of original Architecture
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BSO Example

Quantum State Oscillator

Software Development Device DevelopmentMustangQ
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The Basic Search Problem
EXAMPLE PROBLEM
Input: Shuffled Deck of 52 Cards
Output: Search for 5 of Diamonds

Worst Case: Examine all 52 Cards
Average Case: Examine 26 Cards

25
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Amazingly Fast Searching

Search Program on Quantum Computer:
           8 Operations !!!!   (~Square Root of 52)

EXAMPLE PROBLEM
Input: Shuffled Deck of 52 Cards
Output: Search for 5 of Diamonds

Worst Case: Examine all 52 Cards
Average Case: Examine 26 Cards
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Amazingly Fast Searching  → Basic Technique

Search Program on Quantum Computer:
           8 Operations !!!!   (~Square Root of 52)

Grover’s Search
Method

EXAMPLE PROBLEM
Input: Shuffled Deck of 52 Cards
Output: Search for 5 of Diamonds

Worst Case: Examine all 52 Cards
Average Case: Examine 26 Cards
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Fast Searching  → Quantum AI/ML

Quantum Machine Learning

Grover’s Search
Method

EXAMPLE PROBLEM
Input: Shuffled Deck of 52 Cards
Output: Search for 5 of Diamonds

Worst Case: Examine all 52 Cards
Average Case: Examine 26 Cards

Search Program on Quantum Computer:
           8 Operations !!!!   (~Square Root of 52)
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Drug Discovery - Pharmaceutical
EXAMPLE PROBLEM
Input: List of Candidate Compounds
Output: New Drug

Worst Case: Create/Test Each 
   Compound in the Laboratory
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Drug Discovery - Pharmaceutical
EXAMPLE PROBLEM
Input: List of Candidate Compounds
Output: New Drug

Worst Case: Create/Test Each 
   Compound in the Laboratory

Quantum Chemistry Simulation

Richard Feynman’s 1981 Paper

Original Motivation was to Simulate
Atomic Structures at Particle Level
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Entanglement: Another QM Phenomenon
*

* from Google images

*
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Entanglement: Generation

GENERATE ENTANGLEMENT
1) Initialize and process 2 Particles
2) Transmit 1 particle and “keep” the second
3) When second particle is measured 

→ First particle is “forced” to change into a Corresponding State

*

* from Google images

*
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Action at a Distance
*

* from Google images

*
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Action at a Distance
*

* from Google images

*
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Action at a Distance

GENERATE ENTANGLEMENT
1) Initialize and process 2 Particles
2) Transmit 1 particle and “keep” the second
3) When second particle is measured 

→ First particle is “forced” to change into 
     a Corresponding State

*

* from Google images

*
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Entanglement Generation
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