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PERBANDINGAN GRID SEARCH DAN BAYESIAN
OPTIMIZATION PADA KLASIFIKASI COLLECTION
INTENSITY SCORING DAN PREDIKSI CHANNEL

RECOMMENDATION (STUDI KASUS: P2P LENDING)

Kelly Mae

ABSTRAK

Perkembangan teknologi yang pesat telah mendorong tumbuhnya financial technology
(fintech), mengubah metode keuangan tradisional menjadi digital. Salah satu solusi fintech
yang seringkali digunakan adalah Peer-to-Peer (P2P) Lending, yang menyediakan pinjaman
online namun menghadapi tantangan dalam pembayaran kembali akibat kondisi keuangan
nasabah yang tidak stabil. Untuk mengatasi masalah ini, P2P lending berupaya meningkatkan
produktivitas penagihan dan komunikasi dengan nasabah melalui penerapan model
klasifikasi Collection Intensity Scoring (CIS) dan model prediksi channel recommendation
untuk mengoptimalkan proses penagihan. Penelitian ini bertujuan membandingkan kinerja
Grid Search dan Bayesian Optimization pada model klasifikasi Random Forest dan model
prediksi K-Nearest Neighbors Regressor dengan mengikuti CRISP-DM Framework.
Penelitian ini melibatkan pengumpulan dan pemrosesan data pribadi, pinjaman, dan interaksi
nasabah dari perusahaan P2P Lending menggunakan metode Extract, Transformation, dan
Load (ETL). Data pre-processing dan Exploratory Data Analysis dilakukan untuk
mempersiapkan data untuk pemodelan dengan hyperparameter optimization. Kinerja model
dievaluasi berdasarkan accuracy dan Mean Absolute Error (MAE). Hasil penelitian
menunjukkan Bayesian Optimization mengungguli Grid Search, meningkatkan accuracy
pada model Random Forest menjadi 98.34% dan menurunkan MAE pada model K-Nearest
Neighbors Regressor menjadi 0.245308. Model dengan metode Bayesian Optimization
mengklasifikasikan data intensitas penagihan dengan benar 98 dari 100 kali percobaan,
dengan rata-rata kesalahan prediksi sekitar 0.245 unit dari nilai sebenarnya.

Kata kunci: Bayesian Optimization, Channel Recommendation, Collection Intensity
Scoring, Grid Search, K-Nearest Neighbors, Random Forest
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COMPARISONS OF GRID SEARCH AND BAYESIAN

OPTIMIZATION ON COLLECTION INTENSITY SCORING

CLASSIFICATION AND CHANNEL RECOMMENDATION

PREDICTION (CASE STUDY: P2P LENDING)

Kelly Mae

ABSTRACT (English)

The rapid advancement of technology has spurred the expansion of financial technology
(fintech), which has revolutionized conventional financial practices into digital formats.
Peer-to-Peer (P2P) Lending stands out as a popular fintech solution, offering online loans.
However, it encounters repayment hurdles due to the inconsistent financial circumstances of
borrowers. To address this challenge, P2P lending is employing Collection Intensity Scoring
(CIS) classification model and channel recommendation prediction model to enhance
collection productivity and customer communication. These models aim to optimize the
collection process. This research evaluates the performance of Grid Search and Bayesian
Optimization techniques on Random Forest classification and K-Nearest Neighbors
Regressor prediction models within the CRISP-DM Framework. Through the Extract,
Transformation, and Load (ETL) method, personal, loan, and interaction data from a P2P
Lending firm are gathered and processed. Data pre-processing and Exploratory Data
Analysis precede modeling with hyperparameter optimization. Bayesian Optimization is
found to be superior, enhancing the Random Forest model's accuracy to 98.34% and
reducing the K-Nearest Neighbors Regressor model's Mean Absolute Error (MAE) to
0.245308. With Bayesian Optimization, the CIS classification model accurately predicts
collection intensity correctly 98 out of 100 times, with an average prediction error of
approximately 0.245 units from the actual value.

Keywords: Bayesian Optimization, Channel Recommendation, Collection Intensity Scoring,
Grid Search, K-Nearest Neighbors, Random Forest

viii
Perbandingan Grid Search..., Kelly Mae, Universitas Multimedia Nusantara



DAFTAR ISl

HALAMAN PERNYATAAN TIDAK PLAGIAT ..ot i
HALAMAN PENGESAHAN ......ocoiiiieieet e iii
LEMBAR PERSETUJUAN PUBLIKASI KARYA ILMIAH MAHAISWA iv
KATA PENGANTAR ...ttt sttt st asesnetanesne e ssesseseesessenens Y
A B S T R A ettt e e et et et e b e e e ana b e nnreeennreeans vii
ABSTRACT (ENQGIISN) ....coitiiviiiiiaieieiieiese sttt sie e snesnesnaeneeeenens viii
Y I o ] PSR IX
DAFTAR TABEL ...ttt sibaa e e s e e e s anaaaeesnnsreeenans Xiil
DAFTAR GAMBAR ...ttt ssesaenesnessesaasesneseenennes Xiv
DAFTAR RUMUS ..ottt s ssenasnesnenaesessenes Xvii
DAFTAR LAMPIRAN ..ottt sbesnenasnesnensasesseseesensns xviii
BAB | PENDAHULUAN .......cotitiiieiiiieese s siese e saeassessessessssessesassesseseesesseses 1
1.1 Latar BelaKang ........cccooeiiiiiiiiiieiee s 1
1.2 Rumusan Masalah ..o 8
1.3 Batasan Masalah.........ccccceiiiiiiiiiiiiiicc 9
1.4 Tujuan dan Manfaat Penelitian ............c.ccocooviiiiiiiiiniiee 10
1.41  Tujuan Penelitian ..........ccccooeiieiiiiicccece e 10
1.42  Manfaat Penelitian ..........cccocooeiiieiiniinceeee s 10
1.5  Sistematika PenuliSan ... 11
BAB Il LANDASAN TEORI .....coiiiiiiicieieeese et 12
2.1 Penelitian Terdahulu..........c.occooiiiiiiiin e 12
2.2 THNJAUAN TEOM ...ttt sttt sttt sttt e bbb 16
2.2.1  Financial Technology (FINtech)............ccooiiiiniiiiiiiicie 16
2.2.1.1  Peer-to-Peer Lending (P2P Lending) ........cccceovvinenenennnnnns 16
2.2.1.2  Credit SCOMNG ..coveiveieiiiieiieieienie et 17
2.2.2  Recommendation SYStEM .........cccevviiiieiiienie e 18
2.2.3  Extract, Transformation, Load (ETL).......cccccovveviniiieniciineesnenn 18
2.24  Grid SEarch.....cccoiiii i s 19
2.2.5  Bayesian Optimization ..........cccccoveiiiiiiiiiie et 19
2.2.6  EVAluation MELIICS ......ccviiieeiiieieeieis et 22
2.2.6.1  ACCUIACY ...ttt 22
2.2.6.2  PIrECISION ....cciiiiieiieeie et ee st te e enee e 23

iX

Perbandingan Grid Search..., Kelly Mae, Universitas Multimedia Nusantara



2.2.6.3 RECAIL.....cooeeeeeeee 23

2.2.6.4  FL-SCOIE ....oueietieeiieeiie ettt ettt 23
2.2.6.5 Mean ADSOIULE EFTOr........coovveiieiiiiiniieece e 24
2.2.6.6  Mean SQUAre EFTOr.......cccooviiiiiiie i 24
2.2.6.7  Root Mean SqQUuare Error........ccccoiiieiiieniiieniiee e 25
2.2.7  SEAISHCAI TESES ....eiueiteiiiiiiiiiieieiee ettt 25
2.2.7.1  Shapiro-WilK TeSt.......cccveiiiieieeie e 25
2.2.7.2 T SH . ittt 26
2.3 Framework dan AlGOritma..........c.cciviiiieieiiiisisiseeeesie et 28
2.3.1  CRISP-DM FrameworkK .......ccccceurueiiuereiiieiiasesiesieesieseesseaseeseenens 28
2.3.2  RANAOM FOFESL......eiiieiiieiiiieeie e sieeste e sseesseaneesseeseasaesseensesseeses 30
2.3.3  K-Nearest Neighbors ........c.ccoveiiiiiiicie e 31
B S 0o S PP SRTUR 32
241 POSIOrESQL ..iiiiiiiiiiie ittt 32
242 DBERAVET ..ot 33
2.4.3  PYNON (oo 33
2.4.4  Jupyter NOTEDOOK. ........cceiiriiiieieieite st 33
245 R Programming Language .........ccoceverereninininieiee e 34
LG = 5 (1 o o TSSO 34
BAB 111 METODOLOGI PENELITIAN ....oooiiiie e 35
3.1 Gambaran Umum Objek Penelitian............cccccoccevieieiinicc i, 35
3.2 Metode Penelitian ......ccccieiieiiiiiiiiieesieie st 35
321 AIUr Penelitian.........coooiieiiiiiieeie it 36
3.2.1.1  Business Understanding ..........ccceeoviveiieeieeiieiieeseieeseesneenenn 38
3.2.1.2 Data Understanding.........c.ccooererueneienescnieieee e 38
3.2.1.3  Data Preparation........c.ccoceieiiieienesesie s 39
3214 MOGEliNg...coiiiiiiie s 41
3.2.1.5  EVAIUALION ..ccoeeicecs ettt 42
3.2.2  Metode Data MiNiNgG........ccccoiiiiiieiiiieiie e 44
3.3 Teknik Pengumpulan Data..........ccccceeiiiiii i 45
3.3.1  Populasi dan Sampel..........cooiiiiiniiiiie 45
3.3.2  Periode Pengambilan Data...........c..ccccccoviiiiiiiiiiic i 46
3.4 Variabel Penelitian .......ccccooviieiiiii e 46
X

Perbandingan Grid Search..., Kelly Mae, Universitas Multimedia Nusantara



3.4.1  Variabel Dependen........ccooiiiiiiiie e 46

3.4.2  Variabel INdependen......cocoueeieieiiiiieieiesieeeee e 47
3.5 Teknik ANalisisS DAta.........cccceieeieiiieiieneeiesiin e 49
BAB IV ANALISIS DAN HASIL PENELITIAN ...ccooiiiiiniieeeceeeeiee, 52
4.1  Business UNderstanding.............cccoveieeieariesieeieeniesieeseee e seesee e 52
4.2 Data Understanding ......ccccceoieiieieiieieeseesiesieeseeseeseesseesse e seesseeneenns 53
4.3 Data Preparation ...........cccceoieiieeieaieesieseesieseesseesesseesseessessssssesssesseenns 56
43.1 Extract, Transformation, Load (ETL).......cc.cccceevveiieiiiciiecceeee, 56
O A o q 1 - (o] APPSR PP 56
4.3.1.2  TransSfOrmMation .......ccceeiiimemeriinereareeseeseaseeseessesssesseesseeseens 57
4.3.1.3  L0AA......cioicicie e 71
4.3.2  Data Pre-Processing and Exploratory Data Analysis (EDA)....... 73
4.3.2.1 Data Pre-Processing for General ............cccocoevvevviiciicinennn 73
4.3.2.2  Data Pre-Processing for Classification.............ccccccooeineninn 79
4.3.2.3  Data Pre-Processing for Prediction ............ccccccccoveveiveinennnnn 83
4.3.2.4  Exploratory Data Analysis (EDA)......cccccooveviiiieiiicieiiieieenn 95
4.3.2.5 Data Splitting for Classification..............ccccoceverireninnnnnns 106
4.3.2.6  Data Splitting for PrediCtion ............ccocvvvviivieneiiicniiens 109
4.4 MOGEIING ..o 110
4.4.1  ClasSIfiCatION ....cocveiecicceee s 110
4411  RaANAOM FOFESt........ciuiiiiiiiiieieiieiese sttt e 111
4.4.1.2 Hyperparameter Optimization (Grid Search & Bayesian
OPLIMIZATION) c.veitiiie et sreaaesreereenaearae e 113
A.4.2  PrediCtiON. ..o ettt e e nnenne e 118
4.4.2.1 K-Nearest Neighbors REgressor ........ccccecvevvevieiieeseeseesneenne. 119
4422 Hyperparameter Optimization (Grid Search & Bayesian
(@] o] (] 111 74= 11 o] o ) SRRSO 121
4.4.3  MOGel TESHING .c.ooveiiiiee it 125
4.4.3.1  ClasSifiCation.......cccoiiiiie e 125
A4.4.3.2  PrediClion ..ot 128
T V7= 11 F- 11 o] o SRS 131
451  RANAOM FOIESE.....iiiiiiiiieiie et 132
452  K-Nearest Neighbors Regressor ........cccccoovvevieiieeiieiie e, 138
Xi

Perbandingan Grid Search..., Kelly Mae, Universitas Multimedia Nusantara



45.3 AT STICAl TOSES ..t eneeenennnee 142

4531  Shapiro-Wilk TSt ....cuvuriiieiiieiiieicseeee e 142
TR A K I ] RSP RPRRI 143

4.6  ReSUlt and DISCUSSION .......coviirierieriesiesiesiessesseseesisneeseeseesse e ssessensens 145
BAB YV SIMPULAN DAN SARAN ..ottt 150
5.1 SIMPUIAN...c.iiii et sbe e araesne e s e e nreaneeas 150
ST Y | =1 o PR PR PO 152
DAFTAR PUSTAKA ettt e e anba e anaa e snaa e s anaeesnnseeennees 154
LAMPIRAN ...ttt ee e e e st e e s as b e e e e annn e e e e annbaeeeeannbeeeeans 164

Xii

Perbandingan Grid Search..., Kelly Mae, Universitas Multimedia Nusantara



DAFTAR TABEL

Tabel 2.1 Penelitian Terdahulu ............cccoooieiiiiiini s 12
Tabel 3.1 Rincian Data SpIttiNg.........ccceiiieiieieiiesiie e 41
Tabel 3.2 Perbandingan Framework KDD, SEMMA, dan CRISP-DM ............... 44
Tabel 3.3 Struktur Data pada Variabel Dependen ...........cccccoceiivevveiiiie e, 47
Tabel 3.4 Struktur Data pada Variabel Independen untuk Klasifikasi Collection
INEENSILY SCOTING .vevieiteese ettt re e s s e ra e teenneaneeteeneesreeneeenee e 47
Tabel 3.5 Struktur Data pada Variabel Independen untuk Prediksi Channel
RECOMMENUAIION. ...ttt sttt sbeeae e sbeebesneesbaeneereesreeneens 48
Tabel 3.6 Komparasi Algoritma pada Penelitian Terdahulu terkait Credit Scoring
............................................................................................................................... 50
Tabel 3.7 Komparasi Algoritma pada Penelitian Terdahulu terkait
RecomMmENdatioN SYSTEM.........oiiieiieite ittt sn bbb 51
Tabel 4.1 Tabel customer_personal_information ..............ccocceevenieeneiieiienieennnn 53
Tabel 4.2 Tabel 10an_information..........ccoceieereiieneere e 54
Tabel 4.3 Tabel email_INteraction............ccovveiueiieeieeresie e eiee et sie e 54
Tabel 4.4 Tabel robocall _INtEraCtion ...........covviiereereiieeiierie e 54
Tabel 4.5 Tabel SMS_INTEraCtioN ........cccueiveiieiieiieieerie e 55
Tabel 4.6 Tabel telephony _INtEraction............cccooereriiiniinisisiesesee e 55
Tabel 4.7 RoboCall INTENTION.........cciiiiiiieieieieie et 65
Tabel 4.8 Telephony Call TYPe.......cov i 66
Tabel 4.9 Telephony Action ReSUIL ...........cceeiiiiiiiece e 67
Tabel 4.10 Hasil Load Data .........cccieiimiemineeieienie e 72
Tabel 4.11 Perbandingan Kinerja Model Random Forest............cccccovvviiveieennnne 136
Tabel 4.12 Hasil Evaluasi Performa Accuracy pada Model Random Forest...... 138
Tabel 4.13 Perbandingan Kinerja Model K-Nearest Neighbors Regressor ........ 139
Tabel 4.14 Hasil Evaluasi Performa Mean Absolute Error (MAE) pada Model K-
Nearest NeighbOrs REQIESSON .......ciuueiueiiiireeieseese et ete e sae st nae e eeas 141

Tabel 4.15 Hasil Shapiro-Wilk Test berdasarkan Metrik Accuracy dari Model
Random Forest dan Mean Absolute Error dari Model K-Nearest Neighbors
REGIESSON ...ttt en e n e e e nne e ae e ann e e 143
Tabel 4.16 Hasil T-Test berdasarkan Metrik Accuracy dari Model Random Forest
X Bayesian Optimization dan Mean Absolute Error dari Model K-Nearest
Neighbors Regressor x Bayesian Optimization dengan Model Lainnya............. 144
Tabel 4.17 Perbandingan Performa Model Random Forest dalam Penelitian
Terdahulu dengan Penelitian Collection Intensity Scoring (CIS) dan Channel
RECOMMENAALION. ... ..iieieieieiie e ettt se e eneeenee e 146
Tabel 4.18 Perbandingan Performa pada Model K-Nearest Neighbors dalam
Penelitian Terdahulu dengan Penelitian Collection Intensity Scoring (CIS) dan
Channel RECOMMENUALION ..........ccueiieiiiie e 147

xiii
Perbandingan Grid Search..., Kelly Mae, Universitas Multimedia Nusantara



DAFTAR GAMBAR

Gambar 2.1 ConfUSION IMALFIX ....oiiiiiiiiiieieiieiiinne e 22
Gambar 2.2 Kerangka Kerja CRISP-DM..........ccccooviiiiiieneieiie e 28
Gambar 3.1 AU PENEITIAN. .......cieeiiiiie ettt 37
Gambar 3.2 Data Preparation...........ccovieeeeieiiinie s 39
Gambar 3.3 MOGEIING ....veueeiiitiii et 41
Gambar 3.4 EVAIUALION. .......cc.oiiiieie ettt sneesneesae b steeneesneeneas 42
Gambar 4.1 Konfigurasi Import Data di DBEAVET ...........ccccooeieieieieiiniiiiees 56
Gambar 4.2 HaSH EXIrACE. .......ccoiiiiiie ettt 57
Gambar 4.3 Query customer_loan_information ...........ccccceveiveieniesieseeneseeee 58
Gambar 4.4 Query telephony_INteraction ...........cocooeiiiiiniiniieiieiene e 58
Gambar 4.5 Query mst_customer_information...........ccceieereiieenesreesieeseaseeseenees 59
Gambar 4.6 Hasil user_id dalam Tabel mst_customer_information .................... 60
Gambar 4.7 Query mst_loan_information ...........c.ccoceieeneeiesieeieerieseeseee e 60
Gambar 4.8 Query mst_email_interaction ............cccocevveiieiesieve e 61
Gambar 4.9 Query mst_robocall_INteraction.............cccceeieevieiieeieereesieeieee e 61
Gambar 4.10 Query mst_SmS_INtEraction............ccccvevveieeieerieieeseeieesree e eie e 62
Gambar 4.11 Query mst_telephony_interaction ...........c.cccceeevvvevveveiieceececee, 63
Gambar 4.12 Query mst_email_interaction_filtered ...........ccccocevveveiveieeieinenne. 64
Gambar 4.13 Query mst_robocall_interaction_filtered ...............ccccooveiviennnn. 64
Gambar 4.14 Query mst_sms_interaction_filtered ..............cccccoooveviiieieeceinene. 65
Gambar 4.15 Query mst_telephony_interaction_filtered................c.ccoceeveiennnnne. 66
Gambar 4.16 Query interaCtion_hiStOry.........cccccevveieieeie e 68
Gambar 4.17 Query nearest_interaction_to_payment...........cccccovvveveiveeecresnene. 69
Gambar 4.18 Query persona_cis_with_comm_channels............ccccccooevveieinenne. 70
Gambar 4.19 Hasil Transformation...........ccccocevvereeieiieeseee e 71
Gambar 4.20 IMPOIt DALA ........cceieririiiieieieiie ettt sre e 73
Gambar 4.21 View Data INTO ......ccoivieiieieie e 74
Gambar 4.22 Display Data Head .............ccocieiiiiiieniiiiiisieeeesene e 74
Gambar 4.23 Check NUH Data...........coceeveiiiieiieieec e 75
Gambar 4.24 Replace NUII Data .........ccocuiiieiriiiiieitccesieeecsie s 76
Gambar 4.25 Change Data TYPES .......cccueruerierieiierientesiesieseseeeeseeneesnesbessesnesesneas 76
Gambar 4.26 View Updated Data INfO .......ccooeiiiiniiiiiiiieecc e 77
Gambar 4.27 Hasil Data Cleaning ..........ccceoerereneneiireseeeeeese e 78
Gambar 4.28 Data Standardization .............ccocevieevieieiieese e 78
Gambar 4.29 Hasil Data Standardization...........cccccooviieneiinnienciieeisnee e 78
Gambar 4.30 Scoring Variables Initialization...............cccccooooiieiiiiicc i 79
Gambar 4 31 Intensity Scoring Calculation............cccvevieiiinnic e 80
Gambar 4.32 Apply Intensity Score Calculation ..............ccceovveeiiiiiec i 81
Gambar 4.33 Categorizing Intensity SCOMNG........cccevvvveiveiiie e 81
Gambar 4.34 Apply Categorizing INtensity SCOre .........cocevvvvvviveiieiiie e 82
Gambar 4.35 Hasil Feature Engineering untuk Pendekatan Classification .......... 82
Gambar 4.36 Data Encoding untuk Pendekatan Classification ............c.c.ccccue..ne. 83
Xiv

Perbandingan Grid Search..., Kelly Mae, Universitas Multimedia Nusantara



Gambar 4.37 Hasil Data Encoding untuk Pendekatan Classification................... 83

Gambar 4.38 Hasil Data Cleaning untuk raw_data............cccceveveieininininnnns 84
Gambar 4.39 Data Cleaning untuk interaction_data............cc.ccoveververveneeninsnnnne. 85
Gambar 4.40 Calculate SPArSILY..........cceuereiierierieiienisestsiee e 85
Gambar 4.41 Compressed Sparse Row Matrix Computation..............ccccceeverveenee. 86
Gambar 4.42 Hasil Data Transformation pada CSr..........ccceeveiveeiineeiieseeceseee 86
Gambar 4.43 Change Dataframe to Long Format.............cccccevvvevvevinieceecesnene, 87
Gambar 4.44 Hasil Data Transformation pada melted.............c.cccceeevieieceinnee. 88
Gambar 4.45 K-Nearest Neighbors Model Initialization and Fitting ................... 88
Gambar 4.46 Channel Recommendation Based on Similarity............ccccccccvevnne.. 89
Gambar 4.47 Apply Channel Recommendation for All Users ...........cccccoeveneeee. 90
Gambar 4.48 Hasil Feature Engineering untuk Pendekatan Prediction................ 91
Gambar 4.49 Data INtegration.............ccuieieiieiieeieeieseeseeseeseesreesesreesseeseesseesnes 92
Gambar 4.50 Hasil Data INtegration ...........cccceieeieeiieieeie e see e sreese e 92
Gambar 4.51 Data Encoding untuk Pendekatan Prediction............c.cccccceevennnee. 93
Gambar 4.52 Hasil Data Encoding untuk Pendekatan Prediction......................... 94
Gambar 4.53 Data Standardization untuk Pendekatan Prediction ........................ 94
Gambar 4.54 Hasil Data Standardization untuk Pendekatan Prediction............... 95
Gambar 4.55 Copy and Merge Data for Exploratory Data Analysis .................. 95
Gambar 4.56 DeSCrIPLIVE STAtISTICS ......eivereierierieiieniesie s 96
Gambar 4.57 Gender DIStHDULION ........oiveiiiie i 97
Gambar 4.58 Age DiStrTBULION .........coviiiiiiiieiie st 98
Gambar 4.59 Email DiStriDULION ........cveiieiiiieiee e 98
Gambar 4.60 Robocall DiStribULION ........c.ccveieiieiiee e 99
Gambar 4.61 SMS DIStriDULION .........cocviiiiieieee e 100
Gambar 4.62 Telephony DiStribULION ..ot 101
Gambar 4.63 Total Loan Distribution ... 101
Gambar 4.64 Paid Loans DiStribULION............ccocoieieiiiiiinieeeieene e 102
Gambar 4.65 Average Interacted to Paid Distribution............cccccoooviiiiiicieennnne 103
Gambar 4.66 Intensity Category Distribution...............c.ccocevi i 104
Gambar 4.67 Recommended Channel Distribution ..o icinneennnn, 104
Gambar 4.68 Correlation PlOt ............coiiiiiieieie it 105
Gambar 4.69 Data Splitting untuk Pendekatan Classification..............c.cccce...... 107
Gambar 4.70 Hasil Data Splitting untuk Pendekatan Classification................... 107
Gambar 4.71 SMOTE .....cooiieiece et 108
Gambar 4.72 Perbandingan Distribusi Sebelum dan Sesudah SMOTE ............. 108
Gambar 4.73 Hasil SMOTE ... s 109
Gambar 4.74 Data Splitting untuk Pendekatan Prediction...........c..cccoccvvvvernennnne 109
Gambar 4.75 Hasil Data Splitting untuk Pendekatan Prediction ..............cc........ 110
Gambar 4.76 Model Random FOreSt.........cccooiiieiiiiiiiie it 111
Gambar 4.77 Feature Importance dari Model Random Forest ...........ccccceevenne 112
Gambar 4.78 Prediksi Model Random Forest pada Testing Data............cc..c...... 113
Gambar 4.79 Grid Search pada Model Random Forest...........cccooeviveveiieeinenns 114
Gambar 4.80 Hasil Grid Search pada Model Random Forest............ccccoeervennnne 115
XV

Perbandingan Grid Search..., Kelly Mae, Universitas Multimedia Nusantara



Gambar 4.81 Prediksi Grid Search pada Model Random Forest.................c...... 115

Gambar 4.82 Bayesian Optimization pada Model Random Forest..................... 116
Gambar 4.83 Hasil Bayesian Optimization pada Model Random Forest........... 117
Gambar 4.84 Prediksi Bayesian Optimization pada Model Random Forest ...... 118
Gambar 4.85 Model K-Nearest Neighbors Regressor ..........cccoevvevveniiincnnnen. 119
Gambar 4.86 Prediksi K-Nearest Neighbors Regressor pada Testing Data........ 120
Gambar 4.87 Grid Search pada Model K-Nearest Neighbors Regressor ........... 121

Gambar 4.88 Hasil Grid Search pada Model K-Nearest Neighbors Regressor .. 122
Gambar 4.89 Prediksi Grid Search pada Model K-Nearest Neighbors Regressor

............................................................................................................................. 122
Gambar 4.90 Bayesian Optimization pada Model K-Nearest Neighbors Regressor
............................................................................................................................. 123
Gambar 4.91 Hasil Bayesian Optimization pada Model K-Nearest Neighbors
0TS o RPN 124
Gambar 4.92 Prediksi Bayesian Optimization pada Model K-Nearest Neighbors
T8 ST PP PP PPN 124
Gambar 4.93 DUMMY DALa .......coiiiiiiiieieieie et sne e 125
Gambar 4.94 Prediksi dari Model Random Forest x Bayesian Optimization pada
DUMMY Datal ... 126
Gambar 4.95 Tabel Hasil Prediksi dari Klasifikasi Intensitas Penagihan pada
DUMMY DAt ... 127
Gambar 4.96 Predicted Intensity Category Distribution..............cccccocvvnininnnnn. 127
Gambar 4.97 Predicted Intensity Category per USEr ..........ccccovereienenenienennenns 128
Gambar 4.98 Prediksi dari Model K-Nearest Neighbors Regressor x Bayesian
Optimization pada DUMMY Data ...........ccooeiiriniieniieseeee e 129
Gambar 4.99 Tabel Hasil Prediksi Channel Recommendation pada Dummy Data
............................................................................................................................. 130
Gambar 4.100 Recommended Channel Distribution ............ccccceveveveieiienennnnn 130
Gambar 4.101 Predicted Interaction Count per USEr .........cccceevveieeieeiieieeieennn 131
Gambar 4.102 Confusion Matrix dari Model Random Forest...............ccceueen.... 132
Gambar 4.103 Confusion Matrix dari Model Random Forest dengan Grid Search
............................................................................................................................. 133
Gambar 4.104 Confusion Matrix dari Model Random Forest dengan Bayesian
(@] 0101 111421 [0 SRR STPPR SN 134
Gambar 4.105 Random Forest Evaluation.............ccccovvviniennenene e 135
Gambar 4.106 Random Forest Accuracy Comparison Plot..........c.ccccvcvvviiveennen. 136
Gambar 4.107 Evaluasi Performa Accuracy pada Model Random Forest ......... 137
Gambar 4.108 K-Nearest Neighbors Regressor Evaluation ..............cc.ccocvveeee. 139
Gambar 4.109 Mean Absolute Error Comparison PIOt...........cccoceiiieniiiiinnnenn. 140
Gambar 4.110 Evaluasi Performa Mean Absolute Error (MAE) pada Model K-
Nearest NeighDOrs REGIESSON ........ccuiiiieiiiieieieie st 141

XVi
Perbandingan Grid Search..., Kelly Mae, Universitas Multimedia Nusantara



DAFTAR RUMUS

RUMUS 2.1 Prior DIStribULION ......cciiiiiiiiiii it 20
Rumus 2.2 Posterior Probability Distribution..............ccceeeveieeiiiie e 20
RUMUS 2.3 POSEEIION IMBAN ... ..eeiiiiiiiiie i it e ecttie e s e ebee e e s senaee s s s tbe e e s s eabeneessbaeeeeaans 21
RUMUS 2.4 POSEIIOr VarIANCE. .....ccvveeiiiriiieeiettieeesereeeessissesessesseeessssreseesssrseseesns 21
Rumus 2.5 Expected IMProVemMENt..............cooieiiiiiineieseni s 21
RUMUS 2.6 ACCUIACY ...ttt sttt sbe s sbeene s sbe bbb nne e 22
RUMUS 2.7 PIECISION ...uvvviieiivtiiieseteieessisteeessesstesssssssessssssssssessssssssssssssensesssresseesans 23
TR S T =07 || 23
RUMUS 2.9 FL-SCOT.....cciiiiiitiiiiii et e e sbb b e e s e e e s s sbbbrreeeeeeeas 24
Rumus 2.10 Mean ADSOIULE EITON .....cciiiviiiiiciiie et e seieee e s s snrenesssireeee e 24
Rumus 2.11 Mean SQUAIE EITOT........ccciveiiiiiiiieiisie e 25
Rumus 2. 12 Ro0ot Mean SQUAIe EFTOF ..........coiiveiiiieiieiisieseesre s 25
RUmMuUS 2.13 Shapiro-WilK TeST......ccoiiiiiiiiisieieiiesie e 26
RumMuS 2.14 Pairwise DIfferenCe.........ocouviiiiiiiiii it 27
Rumus 2.15 Mean Of DIffereNCe........cociiiiiiii it 27
Rumus 2.16 Standard Deviation of DIfference..........ccoeevvveiivie e, 27
RUMUS 2,17 T-STALISTIC ...vvei vttt e e e erre e sbte e s snae e sbeeesbeessareeas 27
Rumus 2.18 Margin FUNCLION .........cccouiiieiiiicieesie ettt 31
Rumus 2.19 Generalization BrTOr .......oceeiicie it 31
Rumus 2.20 Cosine SIMIIAILY ......cc.ooiviiieieiieieeie et 32
XVil

Perbandingan Grid Search..., Kelly Mae, Universitas Multimedia Nusantara



DAFTAR LAMPIRAN

Lampiran A Formulir Konsultasi SKFIPSI ...ccveevviieiieieiieieec e
Lampiran B Lampiran Pengecekan Hasil Turnitin..............c.ccccooevvevennenee.

Xviii
Perbandingan Grid Search..., Kelly Mae, Universitas Multimedia Nusantara



