PENGEMBANGAN MODEL MATEMATIS FLEET SIZE AND MIX GREEN VEHICLE ROUTING PROBLEM
WITH TIME WINDOWS

(FSMGVRPTW)

Salman Azzam Habibi Mardiansjah, Ir. Nur Mayke Eka Normasari, ST., M.Eng., Ph.D., IPM., ASEAN Eng.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR ISI

LEMBAR PENGESAHAN DOSEN PEMBIMBING ......ccccceevsuiesursrensuessassessacssnnes i
LEMBAR PENGESAHAN DOSEN PENGUJI ii
LEMBAR BEBAS PLAGIASL.....uuciniiiiinniinninnnicnnissssssssissssssssssssssssssssssssssssssssssas iii
NASKAH SOAL TUGAS AKHIR ......cucouiiinnuinsnnsrensancsenssesssnsssnssessassssssssssssssasssessas iv
HALAMAN PERSEMBAHAN ....ccionniininneinsnnssssnsssissssssssssssssssssssssssssssssassssssssssssssss v
KATA PENGANTAR vi
UCAPAN TERIMA KASIH vii
DAFTAR ISLuuoiiiiiiiiinnicensenssicssissesssessssssssssssssisssssssssssssssssssssssssssssssssssssssssssssssses ix
DAFTAR TABEL ...uuiiiiiiniinninnninnninsnssssissssssssissssssssssssssssssssssssssssssssssssosssssssssssassss xii
DAFTAR GAMBAR xiv
DAFTAR LAMPIRAN XV
DAFTAR NOTASI DAN SINGKATAN xvi
INTISARI ...vriiiiiinniicnssnnnicsssssssessssssssossssssssssssssssssssssssssssssssssssssssasssssssssssssssssssass Xviii
ABSTRACT ...auuuonnuennvinvenneeinnensnrenssesssesssesssisssssssssssssssssssssssssssssssssssssssassssssssssssssssss Xix
BAB I PENDAHULUAN 1
1.1 Latar BelaKang .......c..cocoiiiriiiiiiiiiicniciceeeeeee et 1
1.2 Rumusan Masalah ..........cooiiiiiiiiiiicee et 6
1.3 Asumsi dan Batasan ............coceoiiiiiiiiiiiiiiiic e 6
1301 ASUIMIST 1ttt ettt ettt ettt et e et e et e sabeeaeeenbeeseeenneens 6
1.3.2 BAtASAN ..c.eeiiieiieee ettt st 7

1.4 Tujuan Penelitian .........ccccuveiiiiieeiiieiiie ettt e e e e e 7
1.5 MANTAAL ..ottt ettt ettt 7
BAB II TINJAUAN PUSTAKAL.....ccooviiieinneissniossnssssssssessssssssassssssssssssassssassssssssasssasss 9
2.1 Vehicle ROULING ProbIemi ..............ccccueeeeeeeeiiieeiiee et veeesveeesavaeen 9
2.2 Capacitated Vehicle Routing Problem...................cccccoeveeeeieencieecieiieeiieeneenn, 10
2.3 Heterogeneous VeNiCle...............ccuueivuieiiieeiiieeiieeeeieeeieeeieeeeeeesveeesaee s 11
2.4 Green Vehicle Routing Problem .................cccueeeueeecueeeeiieeeiieeecieeeieeeeiee e 12
2.5 POSiST PeNelitian .........coeiiiriiiiiiiiiieccietee e 14
BAB III LANDASAN TEORI......uuciiniiniinninnsnissscsssisssssssassssssssssssssssssssssssssasssssssses 17
3.1 Vehicle ROULING ProbIem ...............ccccueeecuieeiiieeeieeeie et 17

X



PENGEMBANGAN MODEL MATEMATIS FLEET SIZE AND MIX GREEN VEHICLE ROUTING PROBLEM
WITH TIME WINDOWS

(FSMGVRPTW)

Salman Azzam Habibi Mardiansjah, Ir. Nur Mayke Eka Normasari, ST., M.Eng., Ph.D., IPM., ASEAN Eng.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

3.1.1 Green Vehicle Routing Problem ...................cccoocvevieeveeiiencieiienieeseeenen 19
3.1.2 Fleet Size and Mix Vehicle Routing Problem .................ccccocveevcuveencuennnne. 22
3.2 MetahUIISIK. ...eotiiiiieiiee e e 24
3.3 Simulated ANNEAIING ............cccocveviieiiieiieeciieeie ettt 25
3.4 Linear Mixed Model (LIMM).........cccouiiiiiieiiiieiieeeeiee et eiteesvee e veeesvee e ens 27
BAB IV METODOLOGI PENELITIAN 29
4.1 Objek Penelitian .........c.ccouveeiieiiieiiieiieeie ettt ettt et saee e 29
T B o T D 7 USRS 29
4.3 Alat dan Bahan.........ccccuiieiiiiiiiiiccccee e e 29
4.4 ATUT PNEIItIAN ...ooueiiiiiiiieciieeee e 30
BAB V HASIL DAN PEMBAHASAN .. 35
5.1 Karakterisasi SIStIM......cuuieecuieeeiieeiiieeeieeeeiieeeseeeeeeeeeaee e e vt e esareeesareeeeaseeensneeens 35
5.2 Pembuatan Model Matematis..........cceevuerieriieiienienieeiesieeeeee e 41
5.3 Optimasi Simulated ANNEALING...............ccccoeeviriiniiiiiiiieeceeeeeeee e 46
5.3.1 Representasi SOIUST .....oeuiiriiiiiieiiieiieeee ettt 46
5.3.2 Initial Solution GERErQtioN ...............ccceevcueeeecueeesieeeiieeeiieeeeieeeeeeesnnaee e 47
5.3.3 Neighborhood Generation ....................ccecceeeverceeneeneeseineeneeeeneeneeaens 48
5.3.4 Route EVAIUGLION ............ccuoveeeiiaeiieeeieeeeeeeee et 49
5.4 Verifikasi dan Validasi Matematis...........ccoceerierieinieiiieenieeieeee e 52
5.4.1 Data KaASUS ....eeiiiiiiiiieeiieeeeee ettt 52
5.4.2 Verifikasi dan Validasi Pendekatan Eksak ............cccoocoeiiiniiiiiininneee. 53
5.4.2.1 Verifikasi Pendekatan Eksak..........cccccoooeiiiiiiiiinicee 53
5.4.2.2 Validasi Pendekatan EKsak ...........ccoccoiiiiiiiniiiiicecee 54
5.4.3 Verifikasi dan Validasi Pendekatan Simulated Annealing......................... 56
5.4.3.1 Verifikasi Pendekatan Simulated Annealing................ccccoeevvveevveanne... 56
5.4.3.2 Validasi Pendekatan Simulated Annealing.................ccoeevcvveevvennnnee.. 56

5.5 NUMEFICAL STUAY ..ot 58
5.5.1 Parameter TURTNG .......ccoeeevieeeeiiiiee ettt e e e e e e e e e 58
5.5.2 Output Numerical STUAY ............ooeceeeeiiieiiieeeiee et 64
5.5.3 ANalisis SENSIIVILAS ...c.eerviriiriieierieniieieeteee ettt 72
5.5.3.1 Demand Pelang@an (qi) ......ccceeeueeerieeeiieeeiieeeie et e 72
5.5.3.2 ROULING COSt (CK)nveeieiiaiieeiieieee ettt 76
5.5.4 Managerial INSTGAL..............ccccueeeecueieeiieesiie et ae e e 79
BAB VI PENUTUP .. 81




PENGEMBANGAN MODEL MATEMATIS FLEET SIZE AND MIX GREEN VEHICLE ROUTING PROBLEM
WITH TIME WINDOWS

(FSMGVRPTW)
Salman Azzam Habibi Mardiansjah, Ir. Nur Mayke Eka Normasari, ST., M.Eng., Ph.D., IPM., ASEAN Eng.
GUAI\]IDIJ\//\%R]S\E\ADSA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

0.1 KESTMPUIAN ...eviiiiiiiieiieceeeee et ettt e 81
T | ¢ | 1 P PSTRRRPPPSR 81
DAFTAR PUSTAKA 83
LAMPIRAN.....ccccerevruirrersaecsnnens ST . 1

xi



	DAFTAR ISI

