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ABSTRAK 

Natural Language Processing (NLP) merupakan bidang penelitian yang berfokus pada pemrosesan 

bahasa. Sentimen pelanggan pada ulasan produk laptop dapat dianalisis menggunakan teknik NLP. 

Dalam penelitian ini, analisis sentimen didasarkan pada topik tertentu sehingga disebut sebagai 

analisis sentimen berbasis aspek. Penelitian ini menggunakan metode deep learning untuk 

mengotomatisasi proses ekstraksi fitur pada data. Dataset untuk model diperoleh melalui web 

scraping ulasan laptop pada situs e-commerce di Indonesia dan diberi label dengan metode sequence 

labeling berformat BIO, menghasilkan 2 class yaitu aspek dan sentimen. Class aspek terdiri dari 7 

label (B-BOD, I-BOD, B-POW, I-POW, B-KEY, I-KEY, dan O). Class sentimen terdiri dari 5 label 

(B-POS, I-POS, B-NEG, I-NEG, dan O). Model dibangun dengan algoritma Bidirectional Long 

Short-Term Memory (Bi-LSTM), menghasilkan nilai accuracy dan F1-score terbaik secara beurutan 

sebesar 0.865 dan 0.739 (model deteksi aspek), 0.846 dan 0.681 (model deteksi sentimen), serta 

0.836 dan 0.611 (model deteksi aspek dan sentimen). Model ini diimplementasikan pada halaman 

web agar dapat menerima input dari pengguna, memberikan alat berharga untuk kepentingan bisnis 

dalam memahami feedback pelanggan. 

Kata Kunci: Analisis Sentimen Berbasis Aspek, Pemrosesan Bahasa Alami, Ulasan Produk 

Elektronik Laptop, E-Commerce, Sequence Labeling, Deep Learning, Bi-LSTM 
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ABSTRACT 

Natural Language Processing (NLP) is a research field that focuses on language processing. 

Customer sentiments in laptop product reviews can be analyzed using NLP techniques. In this study, 

sentiment analysis is conducted based on specific topics, making it referred to as aspect-based 

sentiment analysis. Deep learning methods are employed to automate feature extraction from data. 

The dataset for the model is obtained through web scraping laptop reviews e-commerce site in 

Indonesia and labeled using the BIO format sequence labeling method, resulting in two classes: 

aspect and sentiment. The aspect class consists of 7 labels (B-BOD, I-BOD, B-POW, I-POW, B-

KEY, I-KEY, and O). The sentiment class consists of 5 labels (B-POS, I-POS, B-NEG, I-NEG, and 

O). The model is built using the Bidirectional Long Short-Term Memory (Bi-LSTM) algorithm and 

achieves the best consecutive accuracy and F1-scores of 0.865 and 0.739 (aspect detection model), 

0.846 and 0.681 (sentiment detection model), 0.836 and 0.611 (aspect and sentiment detection 

model). This model is implemented on a web page to receive user input, providing a valuable tool 

for businesses to deeply understand customer feedback. 

Keywords: Aspect-Based Sentiment Analysis, Natural Language Processing, Laptop Electronic 

Product Reviews, E-Commerce, Sequence Labeling, Deep Learning, Bi-LSTM



vii 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

KATA PENGANTAR 

 

Puji dan syukur penulis panjatkan atas kehadirat Allah SWT. karena berkat 

rahmat dan hidayah-Nya penulis dapat menyelesaikan penulisan skripsi dengan 

judul “Analisis Sentimen Berbasis Aspek pada Ulasan Produk Elektronik Laptop 

dengan Bidirectional Long Short-Term Memory (Bi-LSTM)” dengan baik. Skripsi 

ini disusun untuk memenuhi sebagian syarat memperoleh gelar sarjana komputer 

pada Program Studi Ilmu Komputer, Fakultas Pendidikan Matematika dan Ilmu 

Pengetahuan Alam, Universitas Pendidikan Indonesia. 

Penulis menyadari bahwa masih terdapat kekurangan dalam penulisan 

skripsi ini. Penulis berharap masukan yang bersifat produktif dan konstruktif dari 

para pembaca sekalian di masa yang akan datang untuk perbaikan yang lebih baik. 

Penulis mengucapkan terima kasih yang tak terhingga atas peran dan 

dukungan secara material maupun immaterial kepada: 

1. Kedua orang tua yang senantiasa memberikan dukungan dan perhatian 

penuh dalam penyelesaian skripsi ini. 

2. Bapak Dr. Yudi Wibisono, M.T. selaku pembimbing I skripsi serta Ibu Dr. 

Rani Megasari, M.Kom. selaku pembimbing II skripsi sekaligus 

pembimbing akademik yang telah berkenan dalam memberikan bimbingan 

dan arahan dalam proses penyusunan skripsi ini. 

3. Bapak Dr. Muhamad Nursalman, M.T. selaku Ketua Program Studi Ilmu 

Komputer dan segenap dosen program studi Ilmu Komputer atas ilmu yang 

telah diberikan. 

4. Teman-teman mahasiswa/i Ilmu Komputer UPI dan Rekayasa Perangkat 

Lunak UPI yang telah membantu proses pelabelan dataset penelitian skripsi 

ini, yaitu Azzahra Siti Hadjar, Muhammad Cahyana Bintang Fajar, Cantika 

Putri Arbiliansyah, Aryo Bagas Pamungkas, Alang Sati Nan Tongga, dan 

Muhammad Lutfi Abdul Aziz. 

5. Teman-teman seperjuangan di lingkungan akademik perkuliahan Ilmu 

Komputer UPI, yaitu Christina Prilla Rosaria Ardyanti, Aldi Saepurahman, 

dan Muhammad Ilham Malik yang senantiasa berjuang bersama selama 

perkuliahan. 



viii 

 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

6. Orang terdekat saya yaitu Alang Sati Nan Tongga yang setia dalam 

memberikan dukungan dan bantuan. 

7. Sahabat saya di luar lingkungan akademik perkuliahan UPI, yaitu Adinta 

Saniyyah, Artiyas Nur’annajmi, Tasya Miftahul Jannah, dan Tiara 

Salsabila yang setia dan kompak dalam memberikan dukungan untuk saya. 

 

 

Bandung, Oktober 2023 

 

 

Penulis



ix 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR ISI 

 

ABSTRAK ................................................................................................................. v 

ABSTRACT ............................................................................................................. vi 

KATA PENGANTAR ............................................................................................. vii 

DAFTAR ISI ............................................................................................................ ix 

DAFTAR GAMBAR............................................................................................... xii 

DAFTAR TABEL .................................................................................................. xiv 

DAFTAR RUMUS ................................................................................................. xvi 

BAB I PENDAHULUAN .......................................................................................... 1 

1.1 Latar Belakang ................................................................................................ 1 

1.2 Rumusan Masalah ........................................................................................... 9 

1.3 Tujuan Penelitian .......................................................................................... 10 

1.4 Manfaat Penelitian ........................................................................................ 10 

1.5 Batasan Masalah ........................................................................................... 10 

1.6 Sistematika Penulisan ................................................................................... 11 

BAB II KAJIAN PUSTAKA ................................................................................... 14 

2.1 Peta Literatur ................................................................................................ 14 

2.2 E-commerce .................................................................................................. 16 

2.3 Ulasan ........................................................................................................... 17 

2.4 Produk Elektronik ......................................................................................... 18 

2.5 Analisis Sentimen Berbasis Aspek (Aspect-Based Sentiment Analysis) ...... 18 

2.6 Natural Language Processing (NLP) ........................................................... 20 

2.6.1 NLP untuk Analisis Sentimen Berbasis Aspek ............................................ 20 

2.7 Web Scraping ................................................................................................ 22 

2.8 Sequence Labeling ........................................................................................ 23 



x 

 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

2.9 Artificial Neural Network (ANN) ................................................................. 25 

2.10 Deep Learning .............................................................................................. 31 

2.10.1 Deep Learning untuk NLP ........................................................................... 32 

2.11 Recurrent Neural Network (RNN) ................................................................ 34 

2.12 Long Short-Term Memory (LSTM) .............................................................. 36 

2.13 Bidirectional Long Short-Term Memory (Bi-LSTM) ................................... 51 

2.14 Evaluation Metrics........................................................................................ 53 

2.15 Python ........................................................................................................... 54 

2.15.1 Selenium ....................................................................................................... 55 

2.15.2 NumPy .......................................................................................................... 56 

2.15.3 Pandas ........................................................................................................... 56 

2.15.4 TensorFlow ................................................................................................... 57 

2.15.5 Scikit-Learn .................................................................................................. 57 

2.15.6 Matplotlib ..................................................................................................... 57 

2.15.7 Seaborn ......................................................................................................... 58 

2.15.8 Streamlit ........................................................................................................ 58 

2.16 Penelitian Terkait .......................................................................................... 59 

BAB III METODE PENELITIAN ........................................................................... 65 

3.1 Desain Penelitian .......................................................................................... 65 

3.2 Alat dan Bahan Penelitian ............................................................................ 70 

BAB IV TEMUAN DAN PEMBAHASAN ............................................................ 74 

4.1 Pengumpulan Dataset ................................................................................... 74 

4.2 Pelabelan Dataset .......................................................................................... 76 

4.2.1 Penetapan Batas Label Aspek dan Sentimen ................................................ 77 

4.2.2 Pelabelan Aspek dan Sentimen pada Dataset ............................................... 78 



xi 

 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

4.2.2.1 Pelabelan secara Otomatis: Penambahan Label Aspek dengan Kode 

Program .................................................................................................................... 82 

4.2.2.2 Pelabelan secara Manual: Perbaikan Label Aspek Hasil Pelabelan Otomatis 

dan Penambahan Label Sentimen oleh Peran Annotator ......................................... 83 

4.2.3 Validasi Label Aspek dan Sentimen pada Dataset ....................................... 89 

4.2.3.1 Validasi Label Aspek dan Sentimen oleh Penulis dan Annotator ................ 90 

4.2.3.2 Validasi Format BIO pada Label Aspek dan Sentimen oleh Penulis secara 

Mandiri ..................................................................................................................... 90 

4.3 Rancangan Skenario Eksperimen ................................................................. 94 

4.4 Hasil Eksperimen .......................................................................................... 95 

4.4.1 Pembagian Dataset....................................................................................... 95 

4.4.2 Tokenisasi .................................................................................................... 96 

4.4.3 Padding Sequence pada Teks (Kalimat) ...................................................... 97 

4.4.4 Encoding Label ............................................................................................ 98 

4.4.5 Padding Sequence pada Label ................................................................... 100 

4.4.6 One-Hot Encoding pada Label .................................................................. 100 

4.4.7 Model Training .......................................................................................... 101 

4.4.8 Model Testing ............................................................................................ 110 

4.4.9 Model Deployment ..................................................................................... 122 

4.5 Analisis Hasil .............................................................................................. 124 

BAB V PENUTUP ................................................................................................. 139 

DAFTAR PUSTAKA ............................................................................................. 143 

 



xii 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR GAMBAR 

 

Gambar 1.1 Contoh Ulasan Produk di E-Commerce .............................................. 2 

Gambar 1.2 Aspek pada Ulasan Penjualan Produk Elektronik ............................... 3 

Gambar 1.3 Aliran Proses Analisis Sentimen Berbasis Aspek ............................... 8 

Gambar 2.1 Peta Literatur ..................................................................................... 15 

Gambar 2.2 Pendekatan Machine Learning-Based  dan Lexicon-Based dalam 

Analisis Sentimen (Taboada, 2016) ...................................................................... 22 

Gambar 2.3 Contoh Penerapan Sequence Labeling (S. Zhang dkk., 2021) .......... 24 

Gambar 2.4 Komponen Sel Saraf Manusia (Galinkin, 2020) ............................... 25 

Gambar 2.5 Artificial Neuron Sederhana (Andina dkk., 2008) ............................ 26 

Gambar 2.6 Artificial Neural Network (Gurney, 1997) ........................................ 27 

Gambar 2.7 Arsitektur Single-Layer Perceptron dan Multi-Layer Perceptron 

(Camuñas-Mesa dkk., 2019) ................................................................................. 29 

Gambar 2.8 Artificial Neuron pada Single-Layer Perceptron  (Patterson & Gibson, 

2017) ..................................................................................................................... 30 

Gambar 2.9 Artificial Neuron pada Multi-Layer Perceptron  (Patterson & Gibson, 

2017) ..................................................................................................................... 30 

Gambar 2.10 Arsitektur Deep Learning untuk NLP (Do dkk., 2019)................... 32 

Gambar 2.11 Proses Aliran Informasi pada RNN (Olah, 2015) ........................... 35 

Gambar 2.12 Proses dalam Layer RNN (Olah, 2015) .......................................... 35 

Gambar 2.13 Proses dalam Layer LSTM (A. Zhang dkk., 2021) ......................... 37 

Gambar 2.14 Contoh Rancangan Arsitektur Deep Learning ................................ 44 

Gambar 2.15 Contoh Hasil Perhitungan LSTM (Bagian 1) .................................. 50 

Gambar 2.16 Contoh Hasil Perhitungan LSTM (Bagian 2) .................................. 50 

Gambar 2.17 Struktur Bidirectional LSTM (Zvornicanin, 2023) ......................... 52 

Gambar 3.1 Desain Penelitian ............................................................................... 65 

Gambar 4.1 Rangkaian Proses Pelabelan Dataset ................................................. 76 

Gambar 4.2 Grafik Akurasi Model Deteksi Aspek 1 (AO-1) ............................. 106 

Gambar 4.3 Grafik Akurasi Model Deteksi Aspek 2 (AO-2) ............................. 106 

Gambar 4.4 Grafik Akurasi Model Deteksi Sentimen 1 (SO-1) ......................... 108 



xiii 

 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Gambar 4.5 Grafik Akurasi Model Deteksi Sentimen 2 (SO-2) ......................... 108 

Gambar 4.6 Grafik Akurasi Model Deteksi Aspek dan Sentimen 1 (AS-1) ....... 109 

Gambar 4.7 Grafik Akurasi Model Deteksi Aspek dan Sentimen 2 (AS-2) ....... 109 

Gambar 4.8 Confusion Matrix Model Deteksi Aspek 1 (AO-1) ......................... 119 

Gambar 4.9 Confusion Matrix Model Deteksi Aspek 2 (AO-2) ......................... 119 

Gambar 4.10 Confusion Matrix Model Deteksi Sentimen 1 (SO-1) ................... 120 

Gambar 4.11 Confusion Matrix Model Deteksi Sentimen 2 (SO-2) ................... 120 

Gambar 4.12 Confusion Matrix Model Deteksi Aspek dan Sentimen 1 (AS-1) . 121 

Gambar 4.13 Confusion Matrix Model Deteksi Aspek dan Sentimen 2 (AS-2) . 121 

Gambar 4.14 Antarmuka Halaman Web Deployment Model (Kondisi Sebelum 

Prediksi) .............................................................................................................. 123 

Gambar 4.15 Antarmuka Halaman Web Deployment Model (Kondisi Setelah 

Prediksi) .............................................................................................................. 123 



xiv 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR TABEL 

 

Tabel 2.1 Contoh Input dan Output yang Diharapkan .......................................... 46 

Tabel 2.2 Contoh Perhitungan Forget Gate pada Algoritma LSTM .................... 46 

Tabel 2.3 Contoh Perhitungan Input Gate pada Algoritma LSTM ....................... 47 

Tabel 2.4 Contoh Perhitungan Memory Cell Candidate pada Algoritma LSTM . 47 

Tabel 2.5 Contoh Perhitungan Cell State pada Algoritma LSTM ........................ 47 

Tabel 2.6 Contoh Perhitungan Output Gate pada Algoritma LSTM .................... 47 

Tabel 2.7 Contoh Perhitungan Hidden State pada Algoritma LSTM ................... 48 

Tabel 2.8 Contoh Perhitungan Output Layer dengan Fungsi Aktivasi Softmax... 48 

Tabel 2.9 Perbandingan Hasil Prediksi Model dengan Hasil yang Diharapkan ... 49 

Tabel 2.10 Built-In Library pada Python .............................................................. 55 

Tabel 2.11 Penelitian Terkait ................................................................................ 59 

Tabel 4.1 Struktur Komponen Web Scraping ....................................................... 74 

Tabel 4.2 Hasil Web Scraping Ulasan Produk Elektronik Laptop........................ 76 

Tabel 4.3 Aspek pada Dataset Ulasan Produk Elektronik Laptop ........................ 77 

Tabel 4.4 Format BIO pada Label Aspek dalam Dataset...................................... 78 

Tabel 4.5 Format BIO pada Label Sentimen dalam Dataset ................................. 78 

Tabel 4.6 Aturan Pelabelan Format BIO pada Dataset ......................................... 81 

Tabel 4.7 Kata Kunci dan Pola Regex Per Aspek ................................................. 82 

Tabel 4.8 Kontributor Dataset Penelitian .............................................................. 84 

Tabel 4.9 Deskripsi Kolom pada Spreadsheet Annotator ..................................... 86 

Tabel 4.10 Hasil Pelabelan Aspek dan Sentimen.................................................. 92 

Tabel 4.11 Jumlah Token pada Label Aspek ........................................................ 93 

Tabel 4.12 Jumlah Token pada Label Sentimen ................................................... 93 

Tabel 4.13 Skenario Eksperimen Hyperparameter Model .................................... 95 

Tabel 4.14 Kamus Kosa Kata ............................................................................... 96 

Tabel 4.15 Hasil Konversi Kata Menjadi Representasi Numerik ......................... 97 

Tabel 4.16 Hasil Encoding Label Aspek untuk Model Deteksi Aspek................. 98 

Tabel 4.17 Hasil Encoding Label Sentimen untuk Model Deteksi Sentimen ....... 99 



xv 

 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Tabel 4.18 Hasil Encoding Label Aspek dan Sentimen untuk Model Deteksi 

Aspek dan Sentimen .............................................................................................. 99 

Tabel 4.19 Hasil Implementasi Encoding Label pada Data Input Model Deteksi 

Aspek .................................................................................................................. 100 

Tabel 4.20 Hasil Implementasi Encoding Label pada  Data Input Model Deteksi 

Sentimen .............................................................................................................. 100 

Tabel 4.21 Hasil Implementasi Encoding Label pada  Data Input Model Deteksi 

Aspek dan Sentimen ............................................................................................ 100 

Tabel 4.22 Nilai Evaluation Metrics Model Deteksi Aspek (Aspect Only) ....... 112 

Tabel 4.23 Nilai Evaluation Metrics Model Deteksi Aspek 1 (AO-1) per Label 112 

Tabel 4.24 Nilai Evaluation Metrics Model Deteksi Aspek 2 (AO-2) per Label 113 

Tabel 4.25 Nilai Evaluation Metrics Model Deteksi Sentimen (Sentiment Only)

 ............................................................................................................................. 114 

Tabel 4.26 Nilai Evaluation Metrics Model Deteksi Sentimen 1 (SO-1) per Label

 ............................................................................................................................. 114 

Tabel 4.27 Nilai Evaluation Metrics Model Deteksi Sentimen 2 (SO-2) per Label

 ............................................................................................................................. 114 

Tabel 4.28 Nilai Evaluation Metrics Model Deteksi Aspek dan Sentimen ........ 116 

Tabel 4.29  Nilai Evaluation Metrics Model Deteksi Aspek dan Sentimen 1 (AS-

1) per Label ......................................................................................................... 116 

Tabel 4.30 Nilai Evaluation Metrics Model Deteksi Aspek dan Sentimen 2 (AS-2) 

per Label.............................................................................................................. 117 



 

 

xvi 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR RUMUS 

 

(2.1) Fungsi Aktivasi pada Single-Layer Perceptron ............................................ 29 

(2.2) Fungsi Aktivasi pada Multi-Layer Perceptron ............................................. 29 

(2.3) Output pada Hidden Layer secara Umum .................................................... 33 

(2.4) Fungsi Aktivasi Sigmoid pada Hidden Layer .............................................. 33 

(2.5) Fungsi Aktivasi Tanh pada Hidden Layer .................................................... 34 

(2.6) Fungsi Aktivasi ReLU pada Hidden Layer .................................................. 34 

(2.7) Fungsi Aktivasi Softmax pada Output Layer ............................................... 34 

(2.8) Hidden State pada Layer RNN ..................................................................... 35 

(2.9) Output pada Layer RNN ............................................................................... 36 

(2.10) Forget Gate pada Layer LSTM................................................................... 38 

(2.11) Input Gate pada Layer LSTM..................................................................... 38 

(2.12) Candidate Cell State pada Layer LSTM ..................................................... 39 

(2.13) Cell State pada Layer LSTM ...................................................................... 40 

(2.14) Output Gate pada Layer LSTM .................................................................. 40 

(2.15) Hidden State pada Layer LSTM ................................................................. 41 

(2.16) Output Layer pada LSTM .......................................................................... 41 

(2.17) Fungsi Concat pada Layer Bi-LSTM ......................................................... 52 

(2.18) Output Layer pada Bi-LSTM ..................................................................... 52 

(2.19) Precision ..................................................................................................... 53 

(2.20) Recall .......................................................................................................... 53 

(2.21) F1-score ...................................................................................................... 53 

(2.22) Accuracy ..................................................................................................... 53 

 

 

 

 

 



143 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR PUSTAKA 

Akhtar, M. S., Garg, T., & Ekbal, A. (2020). Multi-task learning for aspect term 

extraction and aspect sentiment classification. Neurocomputing, 398, 247–

256. https://doi.org/10.1016/j.neucom.2020.02.093 

Alqaryouti, O., Siyam, N., Monem, A. A., & Shaalan, K. (2019). Aspect-based 

sentiment analysis using smart government review data. Applied Computing 

and Informatics. https://doi.org/10.1016/j.aci.2019.11.003 

Andina, D., Vega-Corona, A., Seijas, J. I., & Torres-Garcìa, J. (2008). Neural 

Networks Historical Review. Dalam Computational Intelligence: for 

Engineering and Manufacturing (hlm. 39–65). Springer US. 

https://doi.org/10.1007/0-387-37452-3_2 

Asghar, M. Z., Khan, A., Ahmad, S., Qasim, M., & Khan, I. A. (2017). Lexicon-

enhanced sentiment analysis framework using rule-based classification 

scheme. PLoS ONE, 12(2). https://doi.org/10.1371/journal.pone.0171649 

Bank Indonesia (BI). (2022). Kajian Stabilitas Keuangan No.38 Maret 2022. 

https://www.kominfo.go.id/content/detail/41127/menko-airlangga-ekonomi-

digital-di-indonesia-tertinggi-di-asia-tenggara/0/berita 

Bressert, E. (2013). SciPy and NumPy (R. Roumeliotis & M. Blanchette, Ed.; 1 ed.). 

O’Reilly Media, Inc. 

Cambridge Dictionary. (t.t.). Sentiment | English Meaning. Cambridge University 

Press & Assessment. Diambil 8 Mei 2022, dari 

https://dictionary.cambridge.org/dictionary/english/sentiment 

Cambridge University Press & Assessment. (2023). Review | English Meaning - 

Cambridge Dictionary . 

https://dictionary.cambridge.org/dictionary/english/review 

Camuñas-Mesa, L. A., Linares-Barranco, B., & Serrano-Gotarredona, T. (2019). 

Neuromorphic spiking neural networks and their memristor-CMOS hardware 



144 

 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

implementations. Dalam Materials (Vol. 12, Nomor 7). MDPI AG. 

https://doi.org/10.3390/ma12172745 

Canalys. (2023a, Maret). China PC Market to Stabilize in 2023 as Growth Looms 

in 2024. https://www.canalys.com/newsroom/china-PC-market-Q4-2022 

Canalys. (2023b, Juli). Global PC Market Decline Eases as Shipments Drop 12% 

in Q2 2023. https://canalys.com/newsroom/worldwide-pc-shipments-Q2-

2023 

Chaffey, D. (2009). E-Business and E-Commerce Management: Strategy, 

Implementation and Practice (4 ed.). Pearson Education Limited. 

www.pearson-books.com 

Chiang, D. (2015). CSE 40/60657: Natural Language Processing. University of 

Notre Dame. 

Cole, H. L., Hannes, H., & Hapke, M. (2019). Natural Language Processing in 

Action: Understanding, analyzing, and generating text with Python. Manning 

Publications Co. 

Daniel, J., & Martin, J. H. (2023). Speech and Language Processing Entities (3rd 

Edition) - Chapter 8: Sequence Labeling for Parts of Speech and Named 

Entities (3 ed.). 

Do, H. H., Prasad, P. W. C., Maag, A., & Alsadoon, A. (2019). Deep Learning for 

Aspect-Based Sentiment Analysis: A Comparative Review. Expert Systems 

with Applications, 118, 272–299. https://doi.org/10.1016/j.eswa.2018.10.003 

Du, J., Cheng, Y., Zhou, Q., Zhang, J., Zhang, X., & Li, G. (2020). Power Load 

Forecasting Using BiLSTM-Attention. IOP Conference Series: Earth and 

Environmental Science, 440(3). https://doi.org/10.1088/1755-

1315/440/3/032115 

European Environment Agency. (2020). Electronic products and obsolescence in a 

circular economy. http://europa.eu. 



145 

 

 
Hikmawati Fajriah Ayu Wardana, 2023 
ANALISIS SENTIMEN BERBASIS ASPEK PADA ULASAN PRODUK ELEKTRONIK LAPTOP 
DENGAN BIDIRECTIONAL LONG SHORT-TERM MEMORY (BI-LSTM) 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Fauzi, R. A., & Romadhony, A. (2021). Ekstraksi Aspek menggunakan BiLSTM-

CRFs pada Ulasan Lipstik Bahasa Indonesia. e-Proceeding of Engineering, 

10351–10363. 

Fernando, J., Khodra, M. L., & Septiandri, A. A. (2019). Aspect and Opinion Terms 

Extraction Using Double Embeddings and Attention Mechanism for 

Indonesian Hotel Reviews. https://doi.org/10.1109/ICAICTA.2019.8904124 

Gad, A. F. (2017). TensorFlow - A Guide to Build Artificial Neural Networks using 

Python. LAP LAMBERT Academic Publishing. 

Galinkin, E. (2020). Malicious Network Traffic Detection via Deep Learning: An 

Information Theoretic View. https://doi.org/10.13140/RG.2.2.35472.43521 
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