XXIII B. VOE Algorithm - Python Program - (GCP)

The VOE algorithm finds the lowest energy state of the 4-qubit transverse-field Ising model

The VOE algorithm guesses a quantum state

e Computes energy
Updates parameters
Energy moves downward

Read Results of Python VQE Algorithm
Energy := READPRN ("./VQE/energy data.txt")
Prob := READPRN("./VQE/probability data.txt"

Eventually converges to the TFIM ground_state energy b’lltlal_State = READPRN(”/VQE/lnltlal_Statet)

It defines the 4-qubit transverse-field Ising Hamiltonian

The TFIM Hamiltonian (open boundary)
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where

* J =coupling strength

* h=transverse-field strength
* 7,Z;,,=1nteraction of neighboring qubits

* Xi =field term flipping spins

For each iteration: ' crit
1. Prepare trial state [)(8)) The program uses a pargmeten;e@ circuit (ansatz)
2. Compute expected energy E(6) = (| H|v) anda classical optimizer.
3. L__Ip.;j ate parameters g Created the Python Program for VOE:
d Renaat nintil ronwernanca VQEfOI" a 4_qubit transverse—ﬁeld]sing model.py
VQE Example: Initial States
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YOE is used in quantum research and engineering.

It is used during the optimization loop where the program
repeatedly updates the circuit parameters to minimize the
energy of the 4-qubit TFIM Hamiltonian.

This Hamiltonian creates quantum correlations and possible
entanglement.
The program builds this Hamiltonian in matrix or operator form.

It runs the Variational Quantum Eigensolver (Python - VOQE)
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