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Google Quantum AI develops quantum computing hardware and software with the goal of building useful, large-scale quantum computers. An important challenge in quantum computing is protecting quantum information from errors caused by noise and decoherence. Quantum error correction addresses this problem by repeatedly measuring physical qubits and processing those measurements to identify errors.
Project Overview
The goal of the Parity Processing Unit project is to develop a specialized processor for handling parity computations used in quantum error correction. During operation, a quantum processor generates measurement results that must be combined using XOR operations. These calculations produce detection events and logical measurement outcomes that are used by a real-time syndrome decoding system.
The project will explore the design of a programmable processing system capable of performing these computations efficiently. The final system will include both software and FPGA-based hardware components and will be designed with eventual integration into a quantum computing system in mind.
Project Outcomes
The project aims to produce a working prototype of a Parity Processing Unit capable of processing quantum measurement data in real time. The system should allow XOR programs to be represented in a custom machine language, compiled into an executable form, tested using a software emulator, and executed by an FPGA-based processor. The completed prototype should demonstrate the ability to receive measurement data, perform the required parity calculations, and output detection events and logical measurement results for use by a quantum error-correction decoder.
Key Features
Programmable XOR Processing
· Support a machine language capable of describing XOR-based computations
· Allow different XOR programs to be loaded and executed
· Support detection events and logical measurement outputs
Software Support
· Compiler for converting XOR programs into the processor's machine language
· Software emulator for executing and validating compiled programs
· Tools for testing expected processor behavior before running on hardware
FPGA Processing
· FPGA-based implementation of the Parity Processing Unit
· Ability to receive incoming quantum measurement data
· Real-time computation of parity results
· Output of results to an external decoding system
Performance Requirements
· Support a quantum processor with approximately 1,000 physical qubits
· Handle measurements from approximately half of the qubits during each error-correction cycle
· Operate with error-correction cycles occurring approximately every 400 ns
· Support arbitrary valid XOR programs, including operations associated with lattice surgery
Technologies
Software: C++
Hardware: SystemVerilog or C++ using High-Level Synthesis
Platform: FPGA
Simulation and Development Tools: To be determined based on project requirements and mentor guidance
Process Model
Requirements and Research: Develop a better understanding of XOR programs, quantum error-correction requirements, and the role of the Parity Processing Unit within the larger system.
Software Development: Design the X machine language and begin development of the compiler and software emulator.
Hardware Development: Develop the PPU hardware block and verify its operation through simulation.
FPGA Integration: Integrate the processing block into an FPGA design capable of receiving measurement data and producing parity results.
Testing and Integration: Compare hardware results with the software emulator and work toward integration with the Google Quantum AI system.
Final Demonstration: Demonstrate the completed processing pipeline and present the results of the project.
