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MOTTO 

 

“Allah tidak mengatakan hidup ini mudah. Tetapi Allah berjanji bahwa 

sesungguhnya bersama kesulitan ada kemudahan” 

(Q.S. Al-Insyirah: 5-6) 

 

“Some destinations take longer to reach, not because the road is longer, but 

because the journey has something to teach” 

 

 

  



x 

 

DAFTAR ISI 

 

LEMBAR PERSETUJUAN SIDANG TUGAS AKHIR ................................... ii 

LEMBAR PENGESAHAN ................................................................................. iii 

PERNYATAAN ..................................................................................................... iv 

PRAKATA.............................................................................................................. v 

MOTTO .............................................................................................................. viii 

ABSTRAK ............................................................................................................ ix 

DAFTAR ISI .......................................................................................................... x 

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

DAFTAR GAMBAR .......................................................................................... xvi 

DAFTAR LAMPIRAN ..................................................................................... xvii 

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

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

1.2 Rumusan Masalah ......................................................................................... 3 

1.3 Tujuan ............................................................................................................ 4 

1.4 Manfaat .......................................................................................................... 4 

1.4.1 Manfaat Teoritis ...................................................................................... 4 

1.4.2 Manfaat Praktis ....................................................................................... 5 

1.5 Batasan Masalah ............................................................................................ 5 

BAB 2 TINJAUAN PUSTAKA ............................................................................ 7 

2.1 Information Retrieval (IR) ............................................................................. 7 

2.2 Lexical Retrieval ............................................................................................ 8 

2.2.1 Best Matching 25 (BM25) ...................................................................... 8 

2.2.2 Preprocessing pada BM25 ...................................................................... 8 

2.2.3 Perhitungan Skor BM25 ....................................................................... 10 

2.2.4 Kelebihan dan Keterbatasan BM25 ....................................................... 11 

2.3 Semantic Retrieval ....................................................................................... 12 

2.3.1 BERT dan Sentence-BERT dalam Semantic Retrieval.......................... 12 

2.3.2 Semantic Retrieval Berbasis Bahasa Indonesia (IndoSBERT) ............. 14 

2.3.3 Preprocessing pada IndoSBERT .......................................................... 15 

2.3.4 Chunking dan Overlapping pada Semantic Retrieval ........................... 16 

2.3.5 Cosine Similarity dalam Semantic Retrieval ........................................ 17 

2.3.6 FAISS dalam Semantic Retrieval .......................................................... 18 

2.3.7 Kelebihan dan Kekurangan IndoSBERT .............................................. 19 



xi 

 

2.4 Hybrid Retrieval (BM25 dan IndoSBERT) ................................................. 19 

2.5 Hybrid Retrieval dengan Convex Combination ........................................... 21 

2.6 Kueri dalam Information Retrieval ............................................................. 22 

2.7 Relevance Judgment .................................................................................... 24 

2.8 Metrik Evaluasi ........................................................................................... 25 

2.8.1 Precision@K (P@K) ............................................................................ 25 

2.8.2 Normalized Discounted Cumulative Gain (NDCG) ............................. 26 

2.8.3 Latency .................................................................................................. 27 

2.9 Koleksi Dokumen Berita Berbahasa Indonesia ........................................... 27 

2.10 Lingkungan Implementasi dan Reproduksibilitas Penelitian .................... 29 

2.11 Penelitian Terdahulu .................................................................................. 29 

BAB 3 METODOLOGI PENELITIAN ............................................................ 34 

3.1 Jenis dan Pendekatan Penelitian .................................................................. 34 

3.2 Alur Penelitian ............................................................................................. 34 

3.3 Perumusan Masalah dan Tujuan Penelitian ................................................. 35 

3.4 Studi Literatur Penelitian ............................................................................. 36 

3.5 Persiapan Dataset Penelitian ....................................................................... 36 

3.5.1 Analisis Karakteristik Dataset Awal (Exploratory Data Analysis) ....... 36 

3.5.2 Pembentukan Korpus Berita Melalui Web Scraping ............................ 37 

3.5.3 Finalisasi Korpus Penelitian ................................................................. 38 

3.6 Preprocessing Data ...................................................................................... 38 

3.6.1 Preprocessing pada BM25 .................................................................... 41 

3.6.2 Preprocessing pada IndoSBERT .......................................................... 42 

3.6.3 Proses Chunking Dokumen ................................................................... 43 

3.7 Pembangunan Representasi Semantik Dokumen ........................................ 44 

3.7.1 Pembentukan Embeddding Dokumen ................................................... 44 

3.7.2 Normalisasi Embedding ........................................................................ 45 

3.7.3 Pembangunan Indeks FAISS ................................................................ 45 

3.8 Pembentukan Kueri Representatif ............................................................... 45 

3.8.1 Pembobotan TF-IDF ............................................................................. 46 

3.8.2 Seleksi Istilah Representatif.................................................................. 46 

3.8.3 Penggabungan Kueri Representatif ...................................................... 47 

3.9 Hybrid Retrieval Menggunakan Convex Combination ............................... 47 

3.9.1 Input Kueri Penelitian ........................................................................... 49 

3.9.2 Pencarian Kandidat Leksikal ................................................................ 49 

3.9.3 Pencarian Kandidat Semantik ............................................................... 49 



xii 

 

3.9.4 Penggabungan Dokumen Kandidat ...................................................... 49 

3.9.5 Pemenuhan Skor Kandidat.................................................................... 50 

3.9.6 Normalisasi Skor per Kueri .................................................................. 50 

3.9.7 Perhitungan Hybrid Score Menggunakan Convex Combination .......... 50 

3.9.8 Pengurutan Dokumen Hasil Hybrid Retrieval ...................................... 51 

3.10 Evaluasi dan Analisis Hasil ....................................................................... 51 

3.10.1 Penilaian Relevansi melalui Expert Judgment.................................... 51 

3.10.2 Precision@K ....................................................................................... 52 

3.10.3 Normalized Discounted Cumulative Gain (NDCG@K) ..................... 52 

3.10.4 Latency ................................................................................................ 52 

3.11 Penarikan Kesimpulan ............................................................................... 53 

BAB 4 HASIL DAN PEMBAHASAN ............................................................... 54 

4.1 Persiapan Dataset Penelitian ....................................................................... 54 

4.1.1 Analisis Karakteristik Dataset Awal...................................................... 54 

4.1.2 Pembentukan Korpus Berita Melalui Web Scraping ............................ 55 

4.1.3 Finalisasi Korpus Penelitian ................................................................. 56 

4.2 Preprocessing Data ..................................................................................... 61 

4.2.1 Hasil Preprocessing BM25 ................................................................... 61 

4.2.2 Hasil Preprocessing IndoSBERT .......................................................... 64 

4.2.3 Proses Chunking Dokumen ................................................................... 65 

4.3 Pembangunan Representasi Semantik Dokumen ........................................ 69 

4.3.1 Pembentukan Embedding Dokumen ..................................................... 69 

4.3.2 Hasil Normalisasi Embedding .............................................................. 70 

4.3.3 Pembangunan Indeks FAISS ................................................................ 72 

4.4 Pembentukan Kueri Representatif ............................................................... 73 

4.4.1 Hasil Pembobotan TF-IDF .................................................................... 73 

4.4.2 Hasil Seleksi Istilah Representatif ........................................................ 74 

4.4.3 Hasil Pembentukan Kueri Representatif ............................................... 75 

4.5 Hybrid Retrieval Menggunakan Convex Combination ............................... 77 

4.5.1 Persiapan Komponen Retrieval ............................................................ 77 

4.5.2 Pembentukan Dokumen Kandidat ........................................................ 79 

4.5.3 Pembentukan Candidate Pool .............................................................. 81 

4.5.4 Proses Pelengkapan Skor ...................................................................... 82 

4.5.5 Normalisasi Skor pada Setiap Kueri ..................................................... 83 

4.5.6 Penggabungan Skor Menggunakan Convex Combination .................... 88 

4.6 Evaluasi Hybrid Retrieval ........................................................................... 90 



xiii 

 

4.6.1 Ground Truth ........................................................................................ 91 

4.6.2 Penggabungan Label Relevansi dengan Hasil Hybrid Retrieval .......... 93 

4.6.3 Hasil Evaluasi Precision@K ................................................................. 94 

4.6.4 Hasil Evaluasi NDCG@K .................................................................... 96 

4.6.5 Hasil Evaluasi Latency.......................................................................... 99 

4.6.6 Analisis Perbandingan BM25, IndoSBERT, dan Hybrid Retrieval .... 100 

BAB 5 PENUTUP .............................................................................................. 102 

5.1 Kesimpulan ................................................................................................ 102 

5.2 Saran .......................................................................................................... 102 

DAFTAR PUSTAKA......................................................................................... 104 

LAMPIRAN ....................................................................................................... 109 

BIODATA PENULIS.......................................................................................... 112 

 

 

 

  



xiv 

 

DAFTAR TABEL 

 

Tabel 2.1 Penelitian Terdahulu .............................................................................. 30 

Tabel 3.1 Metrik Karakteristik Dataset Awal ........................................................ 37 

Tabel 3.2 Contoh Struktur Atribut Korpus Final Penelitian .................................. 38 

Tabel 3.3 Representasi Dokumen Hasil Penggabungan Atribut ........................... 39 

Tabel 3.4 Contoh Tahapan Preprocessing pada BM25 ......................................... 42 

Tabel 3.5 Contoh Tahapan Preprocessing pada IndoSBERT ................................ 43 

Tabel 3.6 Contoh Hasil Chunking pada IndoSBERT ............................................ 44 

Tabel 3.7 Contoh Daftar Kandidat Istilah ............................................................. 46 

Tabel 3.8 Contoh Istilah Representatif Hasil Seleksi ............................................ 47 

Tabel 3.9 Contoh Kueri Representatif Hasil Pembentukan Kueri ........................ 47 

Tabel 3.10 Kriteria Penilaian Expert judgment ..................................................... 51 

Tabel 4.1 Ringkasan Karakteristik Dataset Awal .................................................. 54 

Tabel 4.2 Ringkasan Hasil Web Scraping ............................................................. 55 

Tabel 4.3 Proses Finalisasi Korpus Penelitian ...................................................... 56 

Tabel 4.4 Contoh Artikel dengan Panjang Konten Kurang dari 100 Karakter ...... 57 

Tabel 4.5 Pola Teks Non-Konten .......................................................................... 58 

Tabel 4.6 Karakteristik Korpus Akhir ................................................................... 58 

Tabel 4.7 Struktur Korpus Akhir ........................................................................... 59 

Tabel 4.8 Contoh Hasil Setiap Tahapan Preprocessing BM25 .............................. 62 

Tabel 4.9 Hasil Preprocessing IndoSBERT pada Dokumen Berita ...................... 64 

Tabel 4.10 Ringkasan Hasil Chunking Dokumen ................................................. 66 

Tabel 4.11 Hasil Proses Chunking pada Dokumen Berita .................................... 67 

Tabel 4.12 Ringkasan Hasil Pembentukan Embedding Dokumen ........................ 69 

Tabel 4.13 Contoh Hasil Pembentukan Embedding Dokumen ............................. 70 

Tabel 4.14 Statistik Norm Embedding Sebelum dan Setelah Normalisasi ........... 71 

Tabel 4.15 Contoh Embedding Sebelum dan Setelah L2 Normalization .............. 72 

Tabel 4.16 Ringkasan Hasil Pembobotan TF-IDF ................................................ 74 

Tabel 4.17 Hasil Seleksi 20 Istilah Representatif .................................................. 75 

Tabel 4.18 Hasil Kueri Representatif .................................................................... 76 

Tabel 4.19 Hasil Top-10 Retrieval BM25 pada Kueri Kategori Finance .............. 79 

Tabel 4.20 Hasil Top-10 Retrieval IndoSBERT pada Kueri Kategori Finance ..... 80 

Tabel 4.21 Ringkasan Candidate Pool .................................................................. 81 

Tabel 4.22 Contoh Hasil Proses Score Completion .............................................. 82 

Tabel 4.23 Ringkasan Hasil Score Completion ..................................................... 83 

Tabel 4.24 Ringkasan Hasil Normalisasi Skor ...................................................... 83 

Tabel 4.25 Contoh Hasil Normalisasi Skor BM25 pada Kueri Finance ............... 86 

Tabel 4.26 Contoh Hasil Normalisasi Skor IndoSBERT pada kueri Finance ....... 87 

Tabel 4.27 Kombinasi bobot antara BM25 dan IndoSBERT ................................ 88 

Tabel 4.28 Contoh Hasil Ranking Hybrid Retrieval (Kategori Finance, 𝛼 = 0.5) 89 

Tabel 4.29 Ringkasan Proses Convex Combination ............................................. 90 

Tabel 4.30 Ringkasan Jumlah Dataset .................................................................. 91 

Tabel 4.31 Ringkasan Hasil Penyusunan Ground Truth ....................................... 92 

Tabel 4.32 Contoh Struktur Data Ground Truth.................................................... 92 

Tabel 4.33 Contoh Hasil Penggabungan Label Ground Truth ke Hasil Hybrid .... 94 

Tabel 4.34 Hasil Perhitungan Precision@5 dan Precision@10 ............................ 95 



xv 

 

Tabel 4.35 Hasil Evaluasi NDCG@5 dan NDCG@10 ......................................... 97 

Tabel 4.36 Ringkasan Rata-Rata Latency Retrieval ........................................... 100 

Tabel 4.37 Perbandingan Performa BM25, IndoSBERT, dan Hybrid Retrieval . 100 

 

  



xvi 

 

DAFTAR GAMBAR 

 

Gambar 2.1  Representasi input BERT ................................................................. 13 

Gambar 2.2 Arsitektur SBERT pada proses inferensi ........................................... 14 

Gambar 3.1 Alur Penelitian ................................................................................... 35 

Gambar 3.2 Alur Preprocessing Data pada BM25 ................................................ 40 

Gambar 3.3 Alur Preprocessing Data pada IndoSBERT ....................................... 40 

Gambar 3.4 Alur Hybrid Retrieval Menggunakan Convex Combination............. 48 

Gambar 4.1 Distribusi Kategori pada Dataset Awal ............................................. 55 

Gambar 4.2 Distribusi Kategori pada Korpus Final ............................................. 60 

Gambar 4.3 Distribusi Panjang Artikel ................................................................. 60 

Gambar 4.4 Boxplot Panjang Artikel .................................................................... 61 

Gambar 4.5 Implementasi Tahapan Preprocessing BM25 .................................... 62 

Gambar 4.6 Implementasi fungsi Preprocessing IndoSBERT .............................. 64 

Gambar 4.7 Implementasi Proses Chunking Seluruh Korpus ............................... 66 

Gambar 4.8 Distribusi Nilai Norm Embedding Sebelum Normalisasi ................. 71 

Gambar 4.9 Verifikasi Hasil Pembangunan Indeks FAISS ................................... 73 

Gambar 4.10 Memuat Dataset Retrieval ............................................................... 78 

Gambar 4.11 Inisialisasi Indeks BM25 ................................................................. 78 

Gambar 4.12 Inisialisasi Model Denaya/IndoSBERT-large.................................. 78 

Gambar 4.13 Memuat Embedding dan Indeks FAISS .......................................... 79 

Gambar 4.14 Distribusi Nilai BM25 Kategori Finance Sebelum Normalisasi ..... 84 

Gambar 4.15 Distribusi Nilai BM25 Kategori Finance setelah Normalisasi ........ 84 

Gambar 4.16 Distribusi Nilai IndoSBERT Kategori Finance Sebelum Normalisasi

 ............................................................................................................................... 85 

Gambar 4.17 Distribusi Nilai IndoSBERT Kategori Finance Setelah Normalisasi

 ............................................................................................................................... 85 

Gambar 4.18 Penyusunan Ground Truth ............................................................... 91 

Gambar 4.19 Pembuatan Query Mapping ............................................................. 93 

Gambar 4.20 Penggabungan Ground Truth dengan Hasil Hybrid Retrieval ........ 93 

Gambar 4.21 Fungsi Perhitungan Precision@K ................................................... 94 

Gambar 4.22 Grafik Precision@5 dan Precision@10 Terhadap Variasi Nilai Alpha

 ............................................................................................................................... 96 

Gambar 4.23 Fungsi Perhitungan NDCG@K ....................................................... 97 

Gambar 4.24 Grafik NDCG@5 dan NDCG@10 Terhadap Variasi Nilai Alpha .. 99 

 

 

 

 

 

  



xvii 

 

DAFTAR LAMPIRAN 

 

Lampiran 1. Dataset Awal Penelitian .................................................................. 109 

Lampiran 2. Implementasi Exploratory Data Analysis (EDA) Dataset Awal ..... 109 

Lampiran 3. Implementasi Web Scraping Korpus Berita ................................... 109 

Lampiran 4. Implementasi Finalisasi Dataset Penelitian .................................... 109 

Lampiran 5. Implementasi Preprocessing BM25 ................................................ 109 

Lampiran 6. Implementasi Preprocessing IndoSBERT ...................................... 109 

Lampiran 7. Implementasi Embedding, Normalisasi dan FAISS ....................... 109 

Lampiran 8. Implementasi Pembentukan Kueri Representatif ........................... 109 

Lampiran 9. Implementasi Hybrid Retrieval ...................................................... 109 

Lampiran 10. Implementasi Evaluasi Penelitian ................................................. 109 

Lampiran 11. Lembar Pernyataan Ahli Pakar ...................................................... 110 

Lampiran 12. Dokumentasi Bersama Ahli Pakar ................................................. 111 

 

  


