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https://cqcl.github.io/pytket/manual/index.html
https://cqcl.github.io/pytket/manual/index.html
https://cqcl.github.io/tket/pytket/api/index.html
https://cqcl.github.io/tket/pytket/api/index.html
https://github.com/CQCL/pytket-extensions
https://github.com/CQCL/pytket-extensions
https://tketusers.slack.com/


▪

▪

▪

▪

pip install pytket

pip install pytket-quantinuum

Download all content

https://um.qapi.quantinuum.com/
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TYPICAL QUANTUM ALGORITHM WORKFLOW ON A GATE-MODEL 
QUANTUM COMPUTER

Problem 

Definition 

Quantum 

Algorithm

Quantum 

Circuit

Quantum 

Compiler

Quantum 

Processor

Quantum 

Simulator

e.g. 

Traveling 

Salesman

e.g. TKET

Full-Stack



TYPES OF QUANTUM HARDWARE



𝑈 𝑞 𝜃 𝜑
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NUMBER OF TWO-QUBIT GATES (N)

TWO-QUBIT GATE FIDELITY

0.991 0.993 0.996 0.998

% 𝑬𝒓𝒓𝒐𝒓𝟐𝑸𝑮 = 𝟏 − 𝑭𝒊𝒅𝒆𝒍𝒊𝒕𝒚𝑵 (𝟏𝟎𝟎%)

Examples:

100 2QGs with a fidelity of 0.993

1 − 0.993100  (100%) =50%

100 2QGs with a fidelity of 0.998

1 − 0.998100  (100%) =18%

100 2QGs with a fidelity of 0.999

1 − 0.999100  (100%) =9.5%





•

•

•

•



C++ library

PyTKET 
python

pyzxQ#



Device & 
Simulators

• pytket-quantinuum

• pytket-qiskit (IBM)

• pytket-ionq

• pytket-aqt

• pytket-braket (AWS)

• pytket-qsharp (Azure)

• pytket-pyquil (Rigetti)

• pytket-iqm

Simulators

• pytket-qujax

• pytket-project

• pytket-pysimplex

• pytket-qulacs

• pytket-stim

• pytket-cutensornet*

*  Under development 

Transpilers

• pytket-pennylane

• pytket-pyzx

• pytket-cirq

• pytket-qir*

*  Under development 

T K E T  E X T E N S I O N S

© 2023  by Quantinuum. All rights reserved.





IBMQ QUITO





O P T I M I Z AT I O N :  R E M O V E  R E D U N D A N C I E S
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Additionally performs 
some light 
optimizations. 

Adds more intensive 
optimizations that can 
increase compilation 
time for large circuits.

Level 1 Level 2 (default)

Solves the device 

constraints without 

optimizing.

Level 0













All-to-All Connectivity

Nearest Neighbor

High-Fidelity Gates Qubit Measurement and Reuse

All-to-All Measurement and reuse

|𝜓1⟩

𝑐

|𝜓⟩

𝑐

Conditional logic

|0⟩

|𝜓2⟩

== 1

𝑢1(𝜋/2)

If c==1, perform gate

If c==0, do not 

Measure Reinitialize

Quantum state remains intact

1Q fidelity > 99.996%

2Q fidelity > 99.8%

State preparation and 

measurement 
> 99.7%

Measurement cross-talk error < 0.005%

Memory error per qubit at 

average depth-1 circuit
< 0.06%

Arbitrary Angle 

1-qubit gates and 2-qubit gates
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Quantum circuits that use the gate sequence CNOT, RZ, CNOT can be replaced with the arbitrary angle ZZ gate. 

Enables a lower number of two-qubit gates in a quantum circuit, improving performance by decreasing gate errors.

Fully entangling two-qubit gate Arbitrary angle two-qubit gate

Byron Drury and Peter Love, Constructive quantum Shannon decomposition from Cartan involutions.  Journal of Physics A: Mathematical and Theoretical, 41, 395305 (2008).
C. Baldwin, et al., Re-examining the quantum volume test: Ideal distributions, compiler optimizations, confidence intervals, and scalable resource estimations, Quantum 6, 707 (2022).
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Example: 

Quantum Approximate Optimization 
Algorithm (QAOA) MaxCut circuit

80-qubit circuit → 20 qubits (H1)

130-qubit circuit → 32 qubits (H2)

Mathew DeCross, Eli Chertkov, Megan Kohagen, Michael Foss-
Feig, arxiv:2210.08039

Moses, S. A., et. al., A Race Track Trapped-Ion Quantum 
Processor. arXiv:2305.03828
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Workflow



𝐻𝑄𝐶 = 5 +
𝑁1𝑞 + 10𝑁2𝑞 + 5𝑁𝑚

5000
𝐶

• 𝑁1𝑞: number of single-qubit gates

• 𝑁2𝑞: number of two-qubit gates

• 𝑁𝑚: number of state preparation and 

measurement (SPAM) operations

𝐻𝑄𝐶 = 5 +
1+10 1 +5 4

5000
100 = 5.62

Example: Bell State with 100 shots 
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Quantum Computers 
Three trapped ion quantum computers  

H2-1 (machine target: H2-1) ==> 32 qubits

H1-1 (machine target: H1-1) ==> 20 qubits

H1-2 (machine target: H1-2) ==> 20 qubits

Emulators 
Emulators are available that model each 

machine’s specific ion transport and 

error rates. 

H2-1 Emulator (machine target: H2-1E) 

H1-1 Emulator (machine target: H1-1E) 

H1-2 Emulator (machine target: H1-2E) 

Syntax Checkers 
The syntax checkers are provided to check program 

syntax and are specific to each device. 

H2-1 Syntax Checker (machine target: H2-1SC) 

H1-1 Syntax Checker (machine target: H1-1SC) 

H1-2 Syntax Checker (machine target: H1-2SC) 



Provides access to 
various H-series 

QPUs, emulators, and 
syntax checkers. 

Emulators and syntax 
checkers are available 

for specific devices, 
and each device has 

its own specifications.

Offers a default 
compilation pass that 

optimizes circuits based 
on different levels of 

optimization. The 
optimization levels 

range from 0 to 2, with 
level 2 being the 

default,  applying more 
intensive optimizations.

Provides predicates that 
circuits must satisfy to run 

on H-series devices. It 
Supports mid-circuit 
measurements, fast 

classical feedforward, cost 
calculation, and partial 

results retrieval.

Supports batching of jobs 
(circuits), allowing 

submission of multiple 
circuits together as a 
batch, which will be 
executed one after 

another on the QPU.

Allows control of the 
language used for circuit 

submission such as 
QASM and QIR*. 

* Under development

© 2023  by Quantinuum. All rights reserved.



▪ ▪ ▪

















R E S O U R C E S

https://tketusers.slack.com https://github.com/CQCL/tket https://tket.quantinuum.com/user-manual/ 

Other tools based on TKET: Qermit, Lambeq, InQuanto

https://www.quantinuum.com/hardware#access 

https://tketusers.slack.com/
https://github.com/CQCL/tket
https://tket.quantinuum.com/user-manual/
https://www.quantinuum.com/hardware#access
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