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Advantages of language circuits:

● evolving meanings
● strips off language-dependent overheads
● interpretable, verifiable, safer, fairer...
● cheaper 
● the best of both worlds: combinable with reasoning



What is compositionality?















These Alice’s can get disambiguated by context:



The ambiguity can also intertwine grammar and meaning:
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DisCoCat on Quantum Computers



The grammar/meaning-blend is exponentially expensive!



Do it on a ‘hypothetical’ quantum computer!



Questions



Answers





Do it on existing quantum computers!













Just do it!



Just do it BIGGER!



YOU just do it!



54



DisCoCirc on Quantum Computers
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Alice walks north.
Bob walks south.
Bob follows Alice.

Is Bob going in the same 
direction as Alice?

…

H1-1



Compositional Model
arXiv: 2301.10595DisCoCirc
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Quantum DisCoCirc
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Ansatze

Sim4

S. Sim et al. Expressibility and entangling capability of parameterized quantum circuits for 
hybrid quantum-classical algorithms, 2019.



© 2023 Quantinuum Ltd. All rights reserved. 3/1/2024

Euler Decomposition
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Sandwich



Questions
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Is Alice going in the same direction as Bob?

A question



Assertions

Yes No

Is Alice going in the same direction as Bob?



Yes

Is Alice going in the same direction as Bob?



Yes



Yes



Yes



Task
“Following” Dataset
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Alice Bob …
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Alice walks south.

2direction
s

4direction
s
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Alice walks south. Alice turns around.

2direction
s

4direction
s
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Alice walks south. Alice turns around. Alice follows  Bob.

2direction
s

4direction
s
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Productivity
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Dataset Split



Pipeline



Pipeline



Pipeline

qujax

via
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Evaluating Test dataset

direction
s

2



Compositional 
Generalisation
“train small, test big”



Compositional generalisation
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Noise Simulations on Validation dataset2direction
s
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Noise Simulations on Validation dataset2direction
s
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4direction
s

Compositional generalisation
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Compositional generalisation
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Compositional generalisation
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4direction
s

Compositional generalisation



Compositional 
Interpretability 

arXiv: 2406.17583



Black Box



Many Black Boxes
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2direction
s

Built-in axioms
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4direction
s

Built-in axioms



Interpreting Quantum





Reference





Reference

J. Altepeter et al. Multiple-qubit quantum state visualization, 2009.
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4direction
s

2direction
s
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4direction
s

Compositional generalisation



Classical Baselines 



2direction
s

4direction
s

Accuracy Summaries



GPT-4

2direction
s

4direction
s

Accessed on 25th April 2024.



Summary



Compositional…

Model
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Compositional…

Model Generalisation



Compositional…

Model Generalisation Interpretability









“Dad and Ben go on a 
winter camping trip, 
where Ben shows off his 
survival skills. Jake has 
to decide about a gap 
year, and Mum has had 
enough of Australian 
god-daughter Stacey 
staying.”

Real Data

- BBC Synopsis Dataset



I.  Theory
2408.06061

II. Experiment
2409.08777

Interpretability
2406.17583

DisCoCirc
2301.10595

https://www.quantinuum.com/blog/talking-quantum-
circuits

Blog post

Try it yourself!

> pip install lambeq

https://arxiv.org/abs/2408.06061
https://arxiv.org/abs/2409.08777
https://arxiv.org/abs/2406.17583
https://arxiv.org/abs/2301.10595
https://www.quantinuum.com/blog/talking-quantum-circuits
https://www.quantinuum.com/blog/talking-quantum-circuits
https://github.com/CQCL/lambeq


References
• DisCoCirc Background 
https://arxiv.org/abs/2301.10595 
• Theory paper 
https://arxiv.org/abs/2408.06061 
• Interpretability paper 
https://arxiv.org/abs/2406.17583 

• Experimental paper (this work)
https://arxiv.org/abs/2409.08777
• Blog post 
https://www.quantinuum.com/blog
/talking-quantum-circuits
 

• Lambeq release - DisCoCirc parser out now! 
https://docs.quantinuum.com/lambeq/ 
• H-series hardware 
https://www.quantinuum.com/products-soluti
ons/quantinuum-systems
 
• Qujax
https://github.com/CQCL/qujax
• Nexus
https://docs.quantinuum.com/nexus/

https://arxiv.org/abs/2301.10595
https://arxiv.org/abs/2408.06061
https://arxiv.org/abs/2406.17583
https://arxiv.org/abs/2409.08777
https://www.quantinuum.com/blog/talking-quantum-circuits
https://www.quantinuum.com/blog/talking-quantum-circuits
https://docs.quantinuum.com/lambeq/
https://www.quantinuum.com/products-solutions/quantinuum-systems
https://www.quantinuum.com/products-solutions/quantinuum-systems
https://github.com/CQCL/qujax
https://docs.quantinuum.com/nexus/index.html


Links
Circuit Simulation

https://github.com/CQCL/lambeq

Circuit CompilationTraining DisCoCirc

https://docs.quantinuum.com/tket/ https://github.com/CQCL/qujax



Thank you for your attention!

Journal club                                      March 10, 2020                                                1

Muhammad Hamza Waseem
DPhil Physics, University of Oxford
Research Scientist at Quantinuum

 
Mathematics and Physics of Quantum Computing and Quantum Learning

Porquerolles, France

May 23-28, 2025


	Compositional Quantum Natural Language Processing Theoretical F
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	These Alice’s can get disambiguated by context:
	The ambiguity can also intertwine grammar and meaning:
	The ambiguity can also intertwine grammar and meaning: (2)
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Compositional Model
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Quantum DisCoCirc
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Questions
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Task
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Compositional Generalisation
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Compositional Interpretability
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Interpreting Quantum
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Classical Baselines
	Slide 124
	Slide 125
	Summary
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Try it yourself!
	References
	Links
	Thank you for your attention!

