Adaptif Horizontal Autoscaling Pada Platform Kubernetes dengan Bidirectional Long-Short Term
Memory
(Bi-LSTM) Dan Graph Neural Network (GNN)
Sahala Wahyu Wardana, Prof. Dr.techn. Ahmad Ashari, M.l.Kom.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR ISI

HALAMAN BEBAS PLAGIAST ......ootiiieieecieeetee ettt v
PRAKATA ettt e e v
DAFTAR IST ..ttt vi
DAFTAR GAMBAR ..ottt xi
DAFTAR TABEL ...ttt Xiv
INTISARL ...ttt ettt et ettt aeeeeeneeseeeas XV
ABSTRACT ...ttt ettt ettt s be et be e ebeeaveeaeas XVi
BAB I PENDAHULUAN ......ooiiiiiieictetet ettt 1
1.1  Latar Belakang Masalah.............ccccoccueiiiiiiiiiieieciece e 1
1.2 Rumusan Masalah ...........ccccuieeiiiiiiiniieiiieie et 3
1.3 Batasan Masalah ..........ccccoeevieiiiiiieniiicie et 3
L4 TUJUAM ceeiiieeiee ettt ettt ettt ettt et s e esbeensenes 3
L5 Manfaat c...ccuoieeeiiiieieceeeeeee et en 3
BAB II TINJAUAN PUSTAKA ...ttt 4
BAB IIT LANDASAN TEORI.......cociitiieieieieieeeeeeee et 11
3.1 MICTOSEIVICES ..oevvieerienrieeieeeteeeteeteeseeeeeteeseesteesteessseesseeseesseessseeaseenseenns 11
3.2 COMIAINET ....veeeiieerieetieteeetee e et eete et eeeaeeveeeteesteestaeesseeseesseessseenseenseenns 12
3.3 KUDCIMELIES ..ooviieeiieiiietiecieeeee ettt ettt ettt ettt ve s 13

3.2.1 PO ODJECT....uiiiiieiieiicieeeeee ettt 14

3.2.2  Deployments ODJECL.......c.coeeueerueruiriieniieienieeienieereeieseeeeenaeeeeens 15

3.2.3  NOAES cuvieieieeiieieeeetee ettt ettt sttt neesaesneens 15

3.2.4  Container Resource Request dan Limit...........cccoeevevvevvrrennrnnnns 16

3.2.5  MELIIC SEIVET ettt ettt 17
330 AULOSCALING .eeviiiiieiieiieee ettt e 17

3.3.1  Horizontal Pod Autoscaling...........cccecevievinieniinieniesieeeneeieane 17

3.3.2  Vertical Pod Autoscaling .........ccceceverirenenieninenieieenencneenns 18

vi



Adaptif Horizontal Autoscaling Pada Platform Kubernetes dengan Bidirectional Long-Short Term
Memory
(Bi-LSTM) Dan Graph Neural Network (GNN)
Sahala Wahyu Wardana, Prof. Dr.techn. Ahmad Ashari, M.l.Kom.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

34, BI-LSTM .t 19
3.5. Graph Neural NetWork........ccooccierieriiiieeeeeerece e 21
3.6. Metode Evaluasi FOrecasting ...........ccoeevveeiveriienienieeieeieesie e 22
3.6.1  Mean Squared Error.......ccocceevieiieiieeieieceece e 22
3.6.2  Mean AbsOlute EITor.......cocoveeiiiniiicninicniiicicnccecseeeceene 22
3.6.3  Mean Absolute Percentage E1ror .........cocceevvvvcivivivenienieeieeen 23
3.6.4  RZ SCOTC..ccouiiiiiiieiienienie ettt ettt 23
3.7. Metode Evaluasi Performa Autoscaling............ccoeevvevuvevvenienreeieeeenne, 24
3.7.1.  Service Level ObjectiVe .......cocueerieiieeiieiieiieeiceieeieesiee e 24
3.7.2. ResSponse TIME .......cccccueeireiiieriieiieeie ettt see e 24
3.7.3. Biaya operasional.........c.cccecceerierieriiienienie et 25
3.7.4.  Skor Efisiensi Waktu Autoscaling ...........cceeeeerevvevreenvenvennennnenn 25
BAB IV METODOLOGI PENELITIAN .....occiiiiiinininenieieeeececeeeee e 27
4.1  Tahapan Penelitian ...........ccceceeiienieriiiiieieectece et 27
4.2 Analisis Kebutuhan Sistem ..........coceceviriiinininiininncccneeeceene 29
4.2.1  Kebutuhan Perangkat Keras.........ccococevveninininenenennncnennns 29
4.2.2  Kebutuhan Perangkat Lunak ..........ccccoocveciirinciennnieienieienienenn 29
4.3 Perancangan SISTEIM .......cccecuerieierineenienienteneetenteeeenreseeeesreeeenresaeens 30
4.3.1  Persiapan Virtual Machine...........ccccccoevveriiiciieciieniecieeie e 31
4.3.2  Perancangan Klaster Kubernetes.............ccooceveeervrievienienenennen. 32
4.3.3  Installasi Service ke Klaster Kubernetes...........c..ccccevveveennnnne. 33
4.3.4  Perancangan Adaptif Horizontal Autoscaling............c.cceeunenee. 33
L B o I o (TP 34
4.3.4.2  MICTOSETVICES ..c.uveuverureniiniieienieetenieete st eitesieseeeee bt eseesreeeesneeaees 34
4.3.4.3  MONILOTING ..oevovieeiereieeieeriesieeseieeeeeseeseeeseessaeeseeseesssesnseeseenses 35
4.3.4.4 Planner: Graphen HPA Operator ..........cccccevevreviveneenreenieenieennes 35
4.4 Pemodelan Machine Learning pada Graphen HPA ............c..cccoevenne. 35

vii



Adaptif Horizontal Autoscaling Pada Platform Kubernetes dengan Bidirectional Long-Short Term
Memory
(Bi-LSTM) Dan Graph Neural Network (GNN)
Sahala Wahyu Wardana, Prof. Dr.techn. Ahmad Ashari, M.l.Kom.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

4.4.1  Pembuatan Dataset........c.cccocerveevirirnieniniiininienienceeneeeene e 36
442  Pembagian Dataset..........cccevceerieroiieiieienie e 37
4.4.3  PreproCeSSINE ....ccceeeeveeeuiesienierieeeeeieeseeeseeseeeseenseessnesseesseenses 38
444  Tuning Lag Sliding Window..........ccccevveriinncirenienienieeeeeeeene 38
4.4.5 Tuning Hyperparameter ..............cccvevververieesieerieeseeseesveeeeenens 40
4.4.6  Pengujian dengan Skema Cross Validation ............cccceeevvennnnee. 42
4,477 FOTECASHING ....ccvvevieieieeeiieieeieesiteeteereesteeseaeseaeeseeseessseesseenseennes 44
4.4.7.1 Prediksi Workload dengan Model Bi-LSTM...........cccccvvennenee. 45
4.4.7.2 Prediksi Workload dengan Bi-LSTM-GNN ..........ccccceevvrennnnne. 47
4.4.7.3 Integrasi Model ..........ccovevvieiiiiiieiieieciecee et 54
4.5 Implementasi dan Pengujian SiStem ..........ccccceevevieviienienieniieieeieeeieenns 55
4.5.1  Evaluasi Model Bi-LSTM dan Bi-LSTM-GNN .........ccccceeuene. 55
4.5.2  Evaluasi Performa Autoscaling..........ccccceevveveiieviieneencreeieeieenne 56
4.6  Analisis Data Hasil Pengujian...........cccoccvevierieniinniienienieeie e 57
BAB V IMPLEMENTASI ..ottt 58
5.1 Perangkat SISt .......cceevieriiiiieiieie et 58
5.1.1  Perangkat Keras .........cccocvevieiienieiieeieeiiesiece e 58
5.1.2  Perangkat Lunak ..........cccoevienieiiiiieeieeeee e 58
5.2 Implementasi SIStEM .....ccueevieriierieiieeie ettt 59

5.2.1  Provisioning Virtual Machine Melalui Google Kubernetes Engine

.................................................................................................... 59
5.2.2  Konfigurasi Jaringan ........c.cceeeevverieerieesienieeieeieeeeeseee e 60
523 Installasi IStIO ..cc.ooeeeieniriiniinieicceceeceec e 62
524  Installasi MICIOSEIVICES.......coceevuiruerienienienieneenienieeeesie e 63
5.2.5  Installasi Monitoring SEIVICE ........ccccverveerieerverreeieerieesereneneennens 65
52,6 Load GENETator ......cceverieriiniieieniieienieeitente sttt 67
5.2.7  Metrics ColleCtOr.....uoviriiniinieiiniieiesieetecetee e 70
5.2.7.1 Penggunaan CPU MIiCrOSEIVICES .....c..ccverrrerrerreareerreenerenveennens 70
5.2.7.2 Penggunaan Memory MiCTOSEIVICES.......ccervverveerveerreerreenveannens 70

viii



Adaptif Horizontal Autoscaling Pada Platform Kubernetes dengan Bidirectional Long-Short Term
Memory
(Bi-LSTM) Dan Graph Neural Network (GNN)
Sahala Wahyu Wardana, Prof. Dr.techn. Ahmad Ashari, M.l.Kom.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

5.2.7.3  Latency MICTOSCIVICES .....cccuerrueeruirrieeieeriieniieeeeeeeeeeenseesnnesneens 71
5.2.7.4 Request Per Second (RPS) MiCroservices .........cccceeveervervennenn 72
5.2.7.5 Network Transmit MiCTOSEIVICES......c..ceceervereerienierieeneneeniennens 72
5.2.7.6 Network Receive MiCroSErVICes .......c.ceeveerereerienenieeneneeneniens 73
5.2.7.7 Mengintegrasikan Semua MetricS.........ccccervvercreerrrerreervenvennnens 74
5.2.8  Implementasi Pembagian Dataset Training/Validasi/Test......... 75
5.2.9  Implementasi Sliding Window........c..cccevverienrierieenienieeieenenn 77
5.2.10 Implementasi Preprocessing ...........cceeveveervenieevieeneeneenveennens 77
5.2.11 Implementasi Model Bi-LSTM dan Bi-LSTM-GNN ................ 80
5.2.12 Implementasi Pelatihan Model............ccccceeviiiiiiiieniiecieeieene, 82
5.2.13  Implementasi Pengujian Model ..........c.ccoeeviieiiiciienieiieeieene. 84
5.2.14 Implementasi Pengujian Variasi Lag .........ccccceviviiiinincennnenns 86
5.2.15 Implementasi Tuning Hyperparamater .............ccccceeevvreenurnnene 86
5.2.16 Implementasi Pengujian KFold...........ccoccovviriinininiiniiiene 88

5.2.17 Implementasi Integrasi Model dengan Autoscaler Kubernetes .89

BAB VI HASIL DAN PEMBAHASAN ....oiiiiieteteeeeetee e 94
6.1  HaSil DAtaset .......cecueruieuieiieeieieeeeeie ettt 94
6.1.2  Hasil Pembagian Dataset Training, Validasi dan Testing.................. 95
6.2 Hasil Pengujian Sliding Window ..........ccocceeiiinieniiniiienieieeee e 96
6.3  Hasil Pengujian Hyperparameter Bi-LSTM.........ccccoovviiienienienirenne 100
6.4 Hasil Pengujian Hyperparameter Bi-LSTM-GCN.........cccccevvivirennnne 101
6.5 Hasil Pengujian dengan Skema Cross-Validation (KFold).................. 103
6.6  Pengujian AutoSCAlING ......cccvevvveriierieriieie ettt 107
6.6.1  Frotend ServiCe ........ccoceririeririeniinieeienieetenesieeesee et 107
6.6.2  Checkout SEIVICE ......ccccoverieriiriiniiniiiieneeeenereeeseeee e 109
6.6.3  Recommendation SEeTViCe .........ccccoveevuenerienineenienenienieneenne 109
6.6.4  AdS SEIVICE ..vevuiiiiiieieiietee ettt 110
6.6.5  Payment SEIVICE.......cccceeeirrriierierierreeieeieesiee e eere e eseeesene e 111
6.6.6  ShipPiNg SEIVICE ...cueevvieiiiiieiieriieere e et esteeseeessaeeseesseeseee e 112
6.6.7  Email SEIVICE ....covuiiuiiiiiiiiieiieiteee et 114

X



Adaptif Horizontal Autoscaling Pada Platform Kubernetes dengan Bidirectional Long-Short Term
Memory
(Bi-LSTM) Dan Graph Neural Network (GNN)

Sahala Wahyu Wardana, Prof. Dr.techn. Ahmad Ashari, M.l.Kom.

Gli\l\lg)lj\ll\lilRl%[&ADSA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

6.6.8  CUITENCY SEIVICE..c.ueiruiieuiieiieieeetieeiteeie et esteesete e eeeeneeesaeeenes 115
6.6.9  Product Catalog ServiCe.......ccovvieriiriiieiieriieeieeieeeeeseee e 116
6.6.10  Cart SEIVICE ....evuiiiiriiiieiiieiteerteete sttt 117
6.6.11 Biaya Operasional Cloud ..........cccoeeveiieiienienieeieeeeeeee 119
6.7  Efisiensi Waktu Autoscaling..........cccceeeuereiieiieniieniieeieeeeeesee e 120
6.8  SLO Penggunaan CPU........cccccoeviiiiiiiiiieeieeee et 121
6.9 SLO ReSponse TiMME .....cceevveeiieriieiieiieeieeieesiee e seve e eeeeseesnseenneens 122
BAB VII PENUTUP ..ottt 125
7.1 KeSIMPUIAN ..o 125
T2 SATAMN...iouiiiiiiiiieee ettt ettt 125
DAFTAR PUSTAKA ..ottt 127



