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ABSTRAK

IMPLEMENTASI ZERO NOISE EXTRAPOLATION PADA ALGORITMA
VARIATIONAL QUANTUM EIGENSOLVER UNTUK MITIGASI ERROR
DALAM SIMULASI KOMPUTER KUANTUM

Perkembangan teknologi kuantum khususnya komputer kuantum membuka peluang baru
dalam bidang simulasi molekuler, terutama dalam _menghitung energi keadaan dasar molekul
secara efisien. Namun, tantangan utama di-era NISQ (Noisy Intermediate Scale Quantum)
adalah keberadaan noise yang dapat menurunkan akurasi perhitungan. Penelitian ini bertujuan
untuk menganalisis pengaruh-dua-jenis noise yang sering terjadi, yaitu Depolarizing Channel
Noise dan Amplitude Aamping Noise terhadap hasil perhitungan energi keadaan dasar molekul
Hidrogen Fluorida (HF).menggunakanfalgoritma Variational Quantum Eigensolver (VQE), serta
mengevaluasi efektivitas metode rﬁ:itigasi noise yaitu Zero ‘Noise Extrapolation (ZNE) dalam
meningkatkan akurasi-hasil simulasi. Simulasi dilakukan dengan PennylLane, memodelkan
noise pada tiga tingkat (rendah, sedang, tinggi), dan menguji dua metode ZNE: Linear
Regression dan Richardson Extrapolation. ‘Hasilamenunjukkan Linear Regression lebih efektif
untuk noise rendah, sementara Richardson Extrabolation lebih- unggul untuk noise sedang
hingga tinggi, terutama 'pada amplitude damping noise yang bersifat non-linear. Penelitian ini
juga menunjukkan bahwa ZNE secara signifikan meningkatkan akurasi hasil simulasi, dengan
performa optimal bergantung pada jenis dan/intensitas noise. Temuan ini berkontribusi pada
pemahaman teknik mitigasi noise di era NISQ 'dan _mendukung akurasi simulasi molekuler
kuantum yang lebih tinggi tanpa perlu perangkat keras tambahan.

Kata Kunci: VQE, Ground State Energy, FCI, Noise, ZNE
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ABSTRACT

IMPLEMENTATION OF ZERO NOISE EXTRAPOLATION IN THE
VARIATIONAL QUANTUM EIGENSOLVER ALGORITHM FOR ERROR
MITIGATION IN QUANTUM COMPUTER SIMULATION

The development of quantum technology, especially quantum computers, opens up new
opportunities in the field of molecular simulation; especially in calculating the ground state
energy of molecules efficiently. However, the main challenge in the NISQ (Noisy Intermediate
Scale Quantum) era is the the presence ofnoise that can degrade calculation accuracy. This
study aims to analyze the effect of two types of noise that often occur, namely Depolarizing
Channel Noise and Amplitude Damping Noise on the calculation results of the ground state
energy of Hydrogen Fluoride (HF) molecules using the Variational Quantum Eigensolver (VQE)
algorithm, and evaluate “the effectiveness of the Zero Noise Extrapolation (ZNE) noise
mitigation method in improving the accuracy:of simulation results. Simulations were performed
with PennyLane, modeling noise at three levels (low, medium, high), and testing two ZNE
methods: Linear Regression and Richardson Extrapolation. Results show Linear Regression is
more effective for low noise, while Richardson is suberior for' medium to high noise, especially
in non-linear noise amplitude .damping. This research)also shows that ZNE significantly
improves the accuracy of simulation_results, with optimal performance depending on the type
and intensity of noise. These findingscontribute to.the understanding of noise mitigation
techniques in the NISQ era and support higher accuracy quantum molecular simulations
without the need for additional hardware.

Keywords: VQE, Ground State Energy, FCI, Noise, ZNE
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