DAFTAR ISI

HALAMAN PERNYATAAN KEASLIAN SKRIPSI.....coooiiiiiiieeeeeeeeeeeeee ii
HALAMAN PENGESAHAN ..ottt sttt st il
KATA PENGANTAR ...ttt ettt ettt sae s eseessesseenseennenseens v
HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI SKRIPSI ......ccccccveiieiennne. v
ABSTRAK . ...ttt ettt et sttt s %!
ABSTRACT ..ottt ettt ettt s et e et e s st et e eneeese e beenseeneenseenseeneenneenees vii
DAFTAR IS ..ottt ettt et et viil
DAFTAR TABEL ..ottt sttt ettt et st xii
DAFTAR GAMBAR ...ttt ettt sttt enae e naeenes xiii
BAB I PENDAHULUAN ..ottt sttt sttt sttt s a st 1
1.1 Latar BelaKang .........cccooiiiiiiiiee e 1
1.2 Rumusan Masalah ........c.ccoooiiiiiiii e 6
1.3 Tujuan dan Manfaat...........cccceeeieeiiienieeiieie ettt st eeae e eee 6
1.4 RUANZ LINGKUP ...viiiiiiiieiiecieee ettt ettt et et 7
1.5 Sistematika PenuliSan...........cocioiiiiiiiiiiiiiiee e 7
BAB II TINJAUAN PUSTAKA ...ttt ettt 10
2.1 SEALE Of TRE AFE ettt ettt e nees 10
2.2 Named Entity Recognition (NER) .......ccccccooiiiiiiiiiiiiiiieecee e 14
2.3 WED SCHAPING ..ottt et e 15
2.4 PrapemroSeSan TeKS .......ccociiiiiiiiiiiieeciie ettt ettt e e et e e e e nae e s 16
2.5 ANOtasi DAt .....cc.ooiiiiiiiiieie e 16
2.5.1 Skema Pelabelan Beginning, Inside, Outside (BIO)..........ccccccevvvvenueennnn 17

2.5.2  Intra-annotator AGreement..............ccccouvueeeiueeeiueeeiieeeieeeieeeee e 17

2.6 Augmentasi Data........ccccueeeiiiiiiiiiiiiie e 19
2.6.1 Mention Replacement (MR) .......ccccoouiiiiiiiiniiieiiieeeeeeeeee e 20

2.6.2 Contextual Word Replacement (CWR) ......ccccoeeviiieiiiieiiieeeeeee e 20

2.7 ATSILEKEUL THANSFOVIOT .....c...eeeeieeeie ettt ettt s 22
271 ERCOAET ...ttt 23

2.7.1.1  Multi-Head AENIION. ...........cccceueeeeiieacieeeeiee e eeee e save e 24

2.7.1.2 Feed Forward Network (FFN) .....cccccccooiiiiiiiiee e 25



B D - Tele Y = R 26

2.8 Arsitektur INAOBERT .......ooiiiii e 26
2.9  Recurrent Neural Network (RININ) .....cccoveiiiiiiiiieenieeciee ettt 28
2.9.1 Long Short-Term Memory (LSTM) ......ccccooviiiiiiiieniieieeieeeeee e 29

2.9.2 Bidirectional Long Short-Term Memory (BILSTM)......ccccccccvvevvnvcnnnnne. 31

2.9.3 Gated Recurrent Unit (GRU) .....c.oooviiiiiiiieiiecee e 32

2.9.4 Bidirectional Gated Recurrent Unit (BIGRU) ........ccccoeovviiiiiiiiiieiieene, 34

2.10 Fully Connected Layer dan Gaussian Error Linear Unit (GELU)....................... 35
2.11 Conditional Random Field (CRF)........ccccooviiiiiiiniieecieceeeee et 37
2.12 Optimasi HYPerPArAmMEter................ccveeveeeueereeeireenireeiseesseesseesseesseesssesseesssessseens 38
2021 GFIA SEATCH......c..eoeeeiieieieeeteese e 38
2.12.2 Tree-structured Parzen Estimator (TPE) pada Library Optuna................ 39

2.13 Evaluasi Berbasis Entitas (Entity-Level Evaluation)...............cccecevveveveeeveenveennnns 40
2.13.1 Skema Pencocokan Kriteria Entitas ............ccooceeiieniiiiiiniiiiieeieeeeee 40
2.13.2 CONFUSION MAITIX ..ooonveeeeiieeeieeeeieeeeieeeeee e e steeesae e e aae e ssaeesaaeeenaeesnns 42
2.13.3 PFOCISTON ...ttt 42
203,14 RECAIL.......uoooeeeeeeeeeee ettt et e e e 43
2135 FL-SCOFO ..ottt 44

BAB IIIl METODOLOGI PENELITIAN ....cccttiiiiiiieiteeeie ettt 45
3.1 Pengumpulan Data ..........cocoiiiiiiiiiiiicceeee e 47
3.2 Pembersihan Data.........cocooiiiiiiiiiiiiiie e 47
3.2.1 Ekstraksi Teks Pertanyaan...........ccccocveevieriieniieniieniecieeeeeie e 47

3.2.2 Perbaikan Encoding dan Unicode Escape.............c.ccocceccevvvenevsuvnucnnennne. 47

3.2.3 Penghapusan Tag HTML dan Simbol Tidak Diperlukan.......................... 48

3.2.4 Normalisasi Karakter dan Spasi .........cccccoecuieviieniiiiieiieeieeieeeeeeee 48

3.2.5 Konversi Format AKNIT.........ccocoiiiiiiiiiiieeeeee e 48

3.3 ANOLAST DA ..ot 48
3.3.1 Definisi Entitas Medis .......cccerieriiriiniiiiinieiierieeesceieee e 49

3.3.2  Pedoman ANOLASI........ccecieiiiierieeiieriie ettt ettt ettt st 52

3.3.3 Proses Anotasi Berbasis Span Menggunakan Doccano .............ccccueeneee. 53

3.3.4 Pengujian Intra-annotator AGreement................cccocveeeeueeeeeecueeseesereennanns 54

3.4 Konversi Data ke Format BIO..........cccoooiiiiiiiiiiiiee e 54
3.4.1 Tokenisasi Menggunakan IndoBERT Tokenizer.............cccouevvveeeeuunannnen.. 55



3.4.2 Span Entitas ke Label BIO .........ccccoooiiiiiiiiiiiieiceeeeeeee e 55

3.4.3 Penyelarasan Token dan Label...........cccoeviiieniiiiiiiiiieececeee, 56

3.5 Pembagian Data.........ccoooiiiiiiiiiiiiieie et 56
3.6 Penanganan Ketidakseimbangan Distribusi Entitas..........cccccoeveeriieniencieeneennnnns 57
3.6.1  Strategi AUZMENTAST ...ccueeuviruiiriiiierienieeie ettt 57

3.6.2 Augmentasi Data Menggunakan Mention Replacement ........................... 59

3.6.3 Augmentasi Data Menggunakan Contextual Word Replacement ............. 59

3.7 Pembentukan Input Model ...........cccviiiiiioiiiiee e 60
3.7.1 Penambahan Token Khusus [CLS] dan [SEP] .....cccccoeiiiiiiiiiiiiiiiee. 60

3.7.2  Konversi Token K& Input IDS ...........ccccoueeeeeiienciiaiieeieeeieeeieeeee e 60

3.7.3 Pembuatan Atention Mask ............ccccocveevieiiiniiiiiieieeeeee e 61

3.7.4 Padding dan Penyeragaman Panjang Urutan ...........cccccceeeeiveniveennieennnen. 61

3.7.5 Penyesuaian Label Target.........cccccceviiiiiiniiiiiieiiieeeeeceeee e 61

3.8 Pelatihan dan Pengembangan Model ............ccccvveviiiiiiiicniiieeeeeeee e 61
3.8.1 Skenario 1: Optimasi Model Dasar (Baseline) ...........cccoceveeevveeveecvrennnnnne. 62
3.8.1.1 Arsitektur Model Dasar..........ccccoecvevieniiniinienenienieeeiesereee e 62
3.8.1.2 Optimasi Hyperparameter Menggunakan Optuna...........c.cceccveererveennnenn. 65
3.8.1.3 Proses Pelatihan Model..........ccccoooieviiiiiiiiniiniiiieiecceeeeeceee 67
3.8.1.4 Pelatihan Final Model .........c.cccooiiiiiiiiiiiieee e 68

3.8.2 Skenario 2: Modifikasi Arsitektur Model...........ccccovcveniiiiniincnicnicenee. 68
3.8.2.1 Skenario 2a: Peningkatan Dimensi Hidden BiGRU ..............cccccceueeee. 69
3.8.2.2 Skenario 2b: Implementasi Stacked Layer BIGRU dan Dropout............ 71
3.8.2.3 Skenario 2c: Optimasi Lapisan Klasifikasi dengan GELU..................... 73

3.9 Pemilihan Model Terbaik..........ccccovieririiiiiiniiieceeeeee e 76
3.10 Evaluasi Tingkat Entitas (Entity-Level Evaluation).............cccccceeeveeeeecueenvencnnns 77
3.10.1 Evaluasi Menggunakan Precision, Recall, dan Fl-score.......................... 77
3.10.2 Analisis Melalui Confusion Matrix dan Error Analysis...........c..cueeun..... 78

3.11 Lingkungan Implementasi dan Pengujian ............cccceeeveeciienieeniienieeniieeieeiee s 78
BAB IV HASIL DAN PEMBAHASAN .....ooottiiiteecteeee ettt 80
4.1 Hasil Pengumpulan Data...........cccceeviiieiiiieiiiecee e 80
4.2 Hasil Pembersihan Data ...........ccooceeoiiiiiniiiiienieieieceeeseeee et 81
4.3 Hasil Anotasi Data...........coceeviiiiiiiiiiiieeieeeeee s 82
4.3.1 Distribusi Entitas Medis .........ccceeriiriiiiiiiiiiieiieeiese et 82



4.3.2 Contoh Hasil Pelabelan ....... ..o eeeeeeeaees 83

4.3.3 Hasil Pengujian Intra-annotator Areement ................cccueeevveeeecveeneneennne. 84

4.4  Hasil Konversi ke BIO .......cocoiiiiiiiiiiiieeeeeeeeeee et 85
4.5 Hasil Pembagian Data ..........ccccccieriiiiiiiiiiiiieicceee et 86
4.6  Hasil Augmentasi Data...........coccoeiiiiiiiiiiiiiie e 86
4.7 Hasil Persiapan Input Model ..........cccovieiiiiiiiiieieceeee e 88
4.8 Hasil Pengembangan dan Skenario Eksperimen............ccoccvevievciienieicieeneeeneenen. 89
4.8.1 Skenario 1: Optimasi Model Dasar (Baseline) ............ccccecveveeecveenveeennnns 90

4.8.2 Skenario 2: Modifikasi Arsitektur Model...........ccccoooiiiiiniiiiiiniiiieee 95

4.8.2.1 Skenario 2a: Peningkatan Dimensi Hidden BiGRU ...............c............... 95

4.8.2.2 Skenario 2b: Implementasi Stacked Layer BIGRU dan Dropout............ 97

4.8.2.3 Skenario 2c: Optimasi Lapisan Klasifikasi dengan GELU..................... 99

4.9 Perbandingan Performa Antar SKenario...........cccceeviiniiiniiniiienieiceie e 103
4.10 Analisis Hasil Prediksi Model Terbaik ............ccoceeviiniiiiiiiiiiiiceieeeee 106
4.10.1 Evaluasi Kinerja Keseluruhan (Nervaluate).............ccccceveeeevveecveenennnns 106

4.10.2 Evaluasi Kinerja per Kategori Kelas (Classification Report) ................. 107

4.10.3 Analisis Matriks Kesalahan (Confusion Matrix) ..........cccceeeeuveeeveenennnans 109

4.10.4 Analisis Kesalahan Prediksi (Error ARQlysis) ........ccceecveeveeecveneencneennen. 110

4.10.5 Implikasi terhadap Ekstraksi Informasi Kesehatan Ibu dan Anak .......... 112

BAB V PENUTUP ..ottt ettt ettt 114
5.1 KeSIMPUIAN.....ocuiiiiiiiiiciieie ettt et e et esbeetaesaseesseessseeneeas 114
5.2 SATAN .c.uiiiiiietie ettt et ettt aees 115
DAFTAR PUSTAKA ...ttt ettt et sttt e e sneeseenseeneenes 116
LAMPIRAN 1. Perhitungan Manual Intra-Annotator Agreement..................cccoeeeuveeee... 124
LAMPIRAN 2. Perhitungan Manual Evaluasi Kinerja Model Berbasis Entity-Level ...... 127

xi



