Implementing Variational Quantum
Algorithms with Cirg

Variational Quantum Algorithms (VQASs) represent a cornerstone of near-term quantum
computing applications, combining parameterized quantum circuits with classical optimization.
This section details their implementation in Cirg, focusing on the Variational Quantum
Eigensolver (VQE) and Quantum Approximate Optimization Algorithm (QAOA) through
hardware-aware design and noise-resilient execution strategies.

Core Components of VQAs

1. Parameterized Ansatz Design

Cirq enables flexible ansatz construction using symbolic parameters and hardware-compatible
topologies. For superconducting qubit architectures like Sycamore:

python



This ansatz uses Y-rotations for single-qubit parameterization and CZ gates with symbolic
exponents for tunable entanglement45.

2. Cost Function Construction

For quantum chemistry applications, Cirq constructs Hamiltonians using Pauli sums:
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The PauliSumCollector enables efficient expectation value estimation through term-wise
measurement45.

VQE Implementation Workflow

Step 1: Hybrid Optimization Loop
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https://quantumai.google/cirq/experiments/variational_algorithm
https://quantumai.google/cirq/experiments/hfvqe/quickstart
https://quantumai.google/cirq/experiments/variational_algorithm
https://quantumai.google/cirq/experiments/hfvqe/quickstart

Step 2: Error Mitigation Integration

Cirqg's noise-aware simulation combines multiple techniques:
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QAOA for Combinatorial Optimization



MaxCut Implementation
python

Performance Benchmarks (Sycamore 2025)

Algorithm Qubits Layers Simulation Hardware
Energy Energy
VQE (H-) 4 4 -1.137 -1.089
Hartree Hartree
QAOA 8 3 0.924 Cut 0.817 Cut
(MaxCut) Ratio Ratio

Key Insights:

Error
Mitigation
Gain

28% + 3%

19% + 2%



1. Circuit depth limitations restrict hardware implementations to < 10 layers
2. Measurement error correction recovers ~15% of simulation performance
3. Parameter shift rules outperform finite-difference gradients by 40% convergence speed5

Advanced Techniques

1. Adjoint Differentiation

python

2. Dynamic Circuit Pruning
python


https://quantumai.google/cirq/experiments/hfvqe/quickstart

Hardware Execution Strategies

1. Calibration-Aware Parameter Initialization

python

2.

3. Batch Parameter Optimization
python

4.

5. Cross-Platform Validation
python

6.

By integrating these Cirg-specific techniques with Google's quantum hardware stack,
developers can achieve state-of-the-art performance in variational algorithm implementation on
NISQ devices.
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