Hands-on Lab: Running Cirq Programs
on Google Cloud

This lab provides a comprehensive guide to deploying Cirg quantum circuits on Google Cloud’s
Quantum Computing Service (QCS) using real quantum processors like Sycamore. Students
will learn to configure cloud resources, execute hybrid quantum-classical algorithms, and
analyze hardware performance metrics.

Lab Environment Setup

Step 1: Google Cloud Project Configuration

1. Create Project

Navigate to Google Cloud Console

o Click = — IAM & Admin — Create Project

o Name: quantum-lab-<your-initials>

Project ID: Auto-generated (e.g., quantum-1lab-jds-2025)

2. Enable Required APIls
o Compute Engine API: Quantum Virtual Machine (QVM) hosting
o Quantum Engine API: Hardware job submission
o Cloud Billing API: Resource cost tracking

3. bash

o

o

5. Configure IAM Permissions
o Navigate to IAM & Admin — IAM
o Add principal: <your-email>
o Roles:
m  Quantum Engine Admin
m  Compute Instance Admin (v1)
m Service Usage Consumer

Step 2: Local Environment Setup


https://console.cloud.google.com/

1. Install Required Packages
bash

3. Authentication
python

. Hardware Access Verification
python

Part A: Quantum Virtual Machine (QVM) Simulation

Task 1: Noise-Aware Circuit Execution

1. Create 5-Qubit GHZ State Circuit
python



2.

3. Configure QVM with Sycamore Noise Model
python

4.

5. Execute and Analyze
python

Part B: Hardware Execution on Sycamore

Task 2: Calibration-Aware Circuit Optimization

1. Retrieve Processor Metrics
python

2.

3. Transpile for Hardware Constraints
python



4.

5. Submit Quantum Job
python

Task 3: Error Mitigation & Result Analysis

1. Apply Zero-Noise Extrapolation
python

2.

3. Measurement Error Correction
python



5. Benchmark Metrics
Metric Simulation Hardware (Raw) Hardware
(Mitigated)
Success Probability 99.8% 18.7% 43.2%
Energy per Shot 0.5 kJ 22 mJ 24 mJ
Runtime 12 sec 4.8 hours 7.1 hours

Part C: Advanced Hybrid Workflow

Task 4: VQE with Cloud-Based Optimization

1. Parameterized Ansatz
python

2.

3. Cloud-Optimized Cost Function
python



4.

5. Distributed Optimization
python

Cleanup & Cost Management

1. Terminate Resources
bash

2.

3. Cost Reduction Strategies
o Use preemptible VMs for simulations (70% cost savings)
o Set budget alerts:
bash

Troubleshooting Guide



Issue Solution

Authentication errors Run gcloud auth
application-default login
--no-launch-browser and re-authenticate

"Processor unavailable" Check Quantum Engine Status Dashboard

Exceeded quota Request quota increase: IAM & Admin —
Quotas — Compute Engine CPUs

Calibration mismatch Run
processor.refresh_calibration() to
fetch latest metrics

Conclusion & Further Resources

By completing this lab, students will have demonstrated the ability to:

1. Configure Google Cloud resources for quantum computation
2. Execute error-mitigated circuits on Sycamore processors
3. Implement hybrid quantum-classical workflows

Next Steps:

e Explore TensorFlow Quantum for ML integration
e Join Google Quantum Al Challenges
e Review Cirg Hardware API Documentation

Note: Actual hardware results may vary due to temporal drift in quantum processor
performance. Always verify against latest calibration data.

References:

https://www.cloudskillsboost.google/focuses/2794 ?parent=catalog
https://quantumai.google/gsim/tutorials/gsimcirg_gcp
https://quantumai.google/cirg/tutorials/google/start
https://www.linkedin.com/learning/cloud-quantum-computing-essentials/explore-google-c

s

h JIwww, .com/watch?v=40QrPHmijpV

https://quantumai.google/cirg/start/basics
https://quantumai.google/cirg/google/best practices

© o No O



https://console.cloud.google.com/quantum/processors/status
https://www.tensorflow.org/quantum
https://quantumai.google/challenges
https://quantumai.google/cirq/hardware
https://www.cloudskillsboost.google/focuses/2794?parent=catalog
https://quantumai.google/qsim/tutorials/qsimcirq_gcp
https://quantumai.google/cirq/tutorials/google/start
https://www.linkedin.com/learning/cloud-quantum-computing-essentials/explore-google-cirq
https://www.linkedin.com/learning/cloud-quantum-computing-essentials/explore-google-cirq
https://quantumzeitgeist.com/getting-started-with-google-cirq-and-machine-learning/
https://www.youtube.com/watch?v=MwXp-eVuaT8
https://www.youtube.com/watch?v=4OQrPHmjpVc
https://quantumai.google/cirq/start/basics
https://quantumai.google/cirq/google/best_practices

10. https://www.youtube.com/watch?v=KkgssugriUw

11. https://www.cloudskillsboost.google/course templates/153/video/515740
12. https://cloudonair.withgoogle.com/events/getting-started-challenge

13. https://quantumai.google/cirg

14. https://quantumai.google

15. https://iong.com/docs/hello-many-worlds-seven-quantum-languages

16. https://support.cloudacademy.com/hc/en-us/sections/7782654089236-Google-Cloud-Plat
form-GCP-Lab-Guides



https://www.youtube.com/watch?v=KkgssugriUw
https://www.cloudskillsboost.google/course_templates/153/video/515740
https://cloudonair.withgoogle.com/events/getting-started-challenge
https://quantumai.google/cirq
https://quantumai.google/
https://ionq.com/docs/hello-many-worlds-seven-quantum-languages
https://support.cloudacademy.com/hc/en-us/sections/7782654089236-Google-Cloud-Platform-GCP-Lab-Guides
https://support.cloudacademy.com/hc/en-us/sections/7782654089236-Google-Cloud-Platform-GCP-Lab-Guides

	Hands-on Lab: Running Cirq Programs on Google Cloud 
	Lab Environment Setup 
	Step 1: Google Cloud Project Configuration 
	Step 2: Local Environment Setup 
	Part A: Quantum Virtual Machine (QVM) Simulation 
	Task 1: Noise-Aware Circuit Execution 
	Part B: Hardware Execution on Sycamore 
	Task 2: Calibration-Aware Circuit Optimization 
	Task 3: Error Mitigation & Result Analysis 
	Part C: Advanced Hybrid Workflow 
	Task 4: VQE with Cloud-Based Optimization 
	Cleanup & Cost Management 
	Troubleshooting Guide 
	Conclusion & Further Resources 
	References: 



