
IBM Quantum / © 2021 IBM Corporation

#23: OpenQASM 3.0 Reference Python 
Implementation | “QAMP-21”
Mentored by – Jack Woehr
Abeer Vaishnav, Adrien Suau, Vishal Bajpe



Convenient & 
standardised format 
for quantum circuits

Hardware-agnostic 
representations

Closer to real 
hardware

Why OpenQASM?

Straightforward syntax

IBM Quantum / © 2021 IBM Corporation



A complete language for quantum circuits now with 
salient features as compared to OpenQASM 2.0:

- Complete type system (constants, variables, 
operators, casting, expressions, ...)

- Control flow statements
- Support for versatile circuit and operation 

expression
- Dynamic circuit subroutines and external 

function calls
- Support for lower level operation definition
- Extended grammar for pulse operations
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Physical level Design Philosophy & 
execution

Logical Level

Upgrades in
OpenQASM 3.0 Arbitrary classical control flow, 

gate modifiers and timings

Ability to perform new kinds of 
circuits and experiments

Pulse level calibration and 
multi level optimization

delay statements, adding 
relative timings to operation

Type stretch to resolve 
concrete durations at compile 
time for granular calibration

Support for qubit-specific 
calibration instructions via 
defcal construct

Ability to use quantum-classical dependencies in quantum circuits

Native support for classical computation on measurement 
results

Robusts classical types with support for classical control flow

Support for int, uint, float, bool, and bit for classical types 
with functionality to specify a type with exact bit-precision for 
low-level and bitwise operations



  

IBM Quantum / © 2021 IBM Corporation

    

Goals for the 
OpenQASM 3.0 
Translator 

Goals *Non- Goals*

- Having a working translator

- Support most of the 
OpenQASM3 features

- Provide feedback on the 
proposed reference 
OpenQASM3 parser 
implementation (AWS team)

- Provide feedback to the 
OpenQASM3 TSC about the 
language specification

- Having an efficient translator

- Implementation of all the 
OpenQASM3 specification
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      *Out-of-scope* 
OpenQASM3 
features

Defcal 
Grammars

Timing & 
duration

- Completely different 
language embedded in the 
OpenQASM3 grammar

- Integration with a lot of 
components required at the 
same time (Qiskit-terra, 
Qiskit-Pulse, Qiskit-Runtime, 
etc)

- Can be implemented at a later 
stage when the openpulse 
grammar is mature

- delay[t], stretch, box, 
and duration

- Computing stretch is hard: 
multi-objective linear 
programming problem

Reference: https://arxiv.org/abs/2104.14722 (Section 5.1)IBM Quantum / © 2021 IBM Corporation

https://arxiv.org/abs/2104.14722
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DEMO



Demo
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Demo
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Demo
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Demo

IBM Quantum / © 2021 IBM Corporation
10



Demo
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Architecture
OpenQASM3 

source

ANTLR4 
Parser 

Gen

Python 
AST Gen

Raw 
source AST AST → QuantumCircuit 

Translator
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How are we 
bringing about 
changes?

Impact of “QAMP” 
#23 on the shaping of 
OpenQASM3 compiler 
Development

Under the guidance of 
Technical Steering 
Committee (TSC)

- Providing an end-user’s perspective to the 
Technical Steering Committee (TSC)

- Reporting inconsistencies in the Language 
Specification and Examples

- Tightening the AST implementation of 
OpenQASM3

- Building a platform for translating and 
running OpenQASM3 code with the existing 
Qiskit specifications

- Implementing features from the current 
grammar specification for OpenQASM3

- *for/while*: only quantum vs. mix of 
quantum-classical operations

- *if-else*: Implementing conditions 
based on measurement result
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How are we 
bringing about 
changes?

- Tight integration with 
TSC-Approved 
OpenQASM3 AST

- Lots of bug fixes 
while working on the 
Translator

Qiskit/openqasm Pull Request #269: https://github.com/Qiskit/openqasm/pull/269 

https://github.com/Qiskit/openqasm/pull/269
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Dedicated blog 
website

Check it out here:

https://mentor-fall202
1-openqasm.github.io/ 

https://mentor-fall2021-openqasm.github.io/
https://mentor-fall2021-openqasm.github.io/
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Thank You!


