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ABSTRAK

PT Sentralsari Prima Sentosa merupakan anak perusahaan dari PT Sariguna
Primatirta untuk mendistribusikan produk Air Murni Cleo wilayah Yogyakarta.
Saat ini, proses pendistribusian oleh perusahaan dilakukan dengan cara
penerimaan order terlebih dahulu kemudian setelah order diterima baru akan
dilakukan pengiriman kepada pelanggan oleh driver/sales. Dalam peroses
pendistribusian produk, perusahaan memiliki permasalahan yaitu belum terdapat
pemetaan jalur distribusi kepada pelanggan sehingga diver/sales harus
menentukan sendiri rute mereka. Hal tersebut menimbulkan berbagai
permasalahan baru yang merugikan perusahaan maupun pelanggan. Karateristik
permasalahan distribusi perusahaan termasuk dalam VRPTW yaitu permasalahan
mencari rute dari suatu depot ke pelanggan yang letaknya tersebar dengan jumlah
permintaan yang berbeda-beda dan terdapat batasan time windows. Untuk
menyelesaikan permasalahan tersebut, digunakan Algoritma Nearest Neighbour
dan MILP (Mixed Integer Linier Programming) untuk menentukan rute
pendistribusian perusahaan. Berdasarkan hasil pengolahan dengan kedua metode
tersebut didapatkan 14 rute pengiriman dengan total jarak tempuh rute 1 24.9 km,
rute 2 37.14 km, rute 3 43.21 km, rute 4 37.8 km, rute 5 48.15 km, rute 6 46 km,
rute 7 20 km, rute 8 32.7 km, rute 9 62.1 km, rute 10 39.3 km, rute 11 51.45 km,
rute 12 29.1 km, rute 13 43.9 km, dan rute 14 42 km. Secara keseluruhan, rute
usulan yang diperoleh dari pengolahan dengan Nearest Neighbour dan MILP
mampu menurunkan jumlah rute sebanyak 13 %, total jarak tempuh sebesar 26%,
total waktu sebesar 26% dan biaya bahan bakar sebesar 26%.

Kata kunci: Pemetaan Rute, VRPTW, Nearest Neighbour, MILP
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BAB |

PENDAHULUAN

1.1. Latar Belakang

PT Sariguna Primatirta merupakan perusahaan swasta yang bergerak
dibidang produksi Air Minum dalam Kemasan (AMDK). Perusahaan ini
pertama kali beroperasi pada tanggal 17 September 2003 dengan
memproduksi AMDK dengan merk Anda. Kemudian, pada 7 Maret 2004
diluncurkan produk Air Murni Cleo sebagai salah satu produk andalan PT
Sariguna Primatirta. Setelah itu, PT Sariguna Primatirta melebarkan sayap
produk Air Murni Cleo ke berbagai daerah di Indonesia.

PT Sentralsari Prima Sentosa adalah distributor resmi dari Air Murni
Cleo untuk wilayah Yogyakarta. Depot tersebut beralamat di Jalan Dukuh
Kalirandu RTO05 Bangunjiwo, Kecamatan Kasihan, Bantul, Yogyakarta.
Dalam mendistribusikan produk Air Murni Cleo, PT Sentralsari Prima
Sentosa meliliki transportasi ekpedisi berupa mobil box grand-max untuk
mengirimkan produk kepada pelanggan.

Proses pendistribusian Air Murni Cleo oleh PT Sentralsari Prima Sentosa
yang berjalan saat ini adalah dengan cara menerima order dari pelanggan
terlebih dahulu. Order pelanggan dilakukan maksimal H-1 sebelum hari
pengiriman. Apabila order sudah diterima perusahaan baru akan dilakukan
pengiriman sesuai dengan order dari pelanggan. Pengiriman produk kepada

pelanggan dilakukan dengan cara mengunjungi beberapa



pelanggan dalam satu kali pengiriman. Dalam peroses pendisribusian Air
Murni Cleo, PT Sentralsari Prima Sentosa memiliki permasalahan yaitu
belum terdapat pemetaan jalur distribusi kepada pelanggannya. Permasalahan
tersebut menjadikan driver/sales tidak memiliki acuan dalam pemilihan rute
pengiriman produk, sehingga driver/sales harus menentukan sendiri kemana
mereka akan mengunjungi pelanggan. Karena dalam penentuan rute
pendistribusian produk ke pelanggan masih mengandalkan pengalaman dan
keputusan subyektif dari driver/sales, peta jalur distribusi perusahaan pun
menjadi tidak terstruktur dan rute perjalanan kendaraan menjadi sangat
panjang. Tidak adanya pemetaan jalur distribusi ini menimbulkan banyak
permasalahan-permasalahan baru seperti :
e Pada setiap jadwal pengiriman harian selalu terdapat kasus pelanggan
yang tidak terkunjungi sehingga harus dikunjungi pada hari berikutnya
e Rute pengiriman produk menjadi sangat panjang dan waktu
pendistribusian produk menjadi kurang maksimal.
e Terdapat beberapa kendaraan yang terlambat kembali ke depot karena
panjangnya rute pengiriman yang harus dilakukan.

Kasus seperti ini berpotensi merugikan perusahaan karena semakin
panjangnya rute pengiriman, biaya yang dikeluarkan perusahaan untuk bahan
bakar pun akan semakin besar.

Permasalahan  pendistribusian  seperti  diatas termasuk dalam
permasalahan Vehicle Routing Problem Time Windows (VRPTW) yaitu

permasalahan mencari rute dari suatu depot ke pelanggan yang letaknya



1.2.

1.3.

1.4.

tersebar dengan jumlah permintaan yang berbeda-beda, terdapat batasan
kapasitas kendaraan dan time windows. Untuk membantu menyelesaikan
permasalahan dalam penelitian ini akan digunakan metode Nearest
Neighbour dan Mixed Integer Linier Proramming. Dengan metode tersebut
diharap mendapat rute pendistribusian yang optimal, sehingga bisa
mengurangi total jarak, waktu dan beban biaya yang ditanggung oleh
perusahaan.
Rumusan Masalah

Berdasarkan latar belakang diatas, maka rumusan masalah yang didapat
adalah “Bagaimana rute distribusi Air Mineral Cleo yang optimal guna

mengurangi total jarak, waktu dan beban biaya 7~

Tujuan Penelitian

Tujuan yang ingin dicapai dalam penelitian ini yaitu:

1. Menentukan rute distribusi Air Murni Cleo dengan Nearest Neighbour
dan Mixed Integer Linier Programing.

2. Mengetahui perbandingan jarak, waktu tempuh, dan jumlah biaya yang
harus dikeluarkan perusahaan sebelum dan setelah dilakukan optimisasi
rute.

Manfaat Penelitian

Manfaat yang dapat diperoleh dari penelitian ini adalah sebagai berikut :

1. Mengevaluasi rute pendistribusian produk di perusahaan.

2. Hasil penelitian dapat menjadi usulan perusahaan untuk mengambil

keputusan dalam melakukan penentuan rute distribusi Air Murni Cleo.



1.5.

1.6.

1.7.

Batasan Masalah

Adapun batasan masalah pada penelitian ini adalah:

1. Rute pengiriman produk hanya untuk satu hari jadwal pengiriman.

2. Kendaraan hanya dapat melalui jalan-jalan yang sudah ditetapkan.
Asumsi

1. Rute perjalanan dari depot ke pelanggan dianggap lancar (tidak macet)

2. Kendaraan yang digunakan dalam keadaan baik (tidak rusak)
Sistematika Penulisan

Penulisan proposal tugas akhir ini tersusun atas 5 bab dengan sistematika
penilisan sebagai berikut

BAB |1 PENDAHULUAN

Pada bab ini diuraikan tentang latar belakang masalah, perumusan masalah,
tujuan penelitian, manfaat penelitian, batasan masalah, asumsi dan
sistematika penulisan.

BAB Il TINJAUAN PUSTAKA

Pada bab ini membahas tentang tinjauan pustaka dari penelitian-penelitian
terdahulu untuk mengetahui perbandingan mengenai tujuan, metode, dan
hasil analisa. Bab ini juga mencakup segala hal teori yang dapat dijadikan
sebagai dasar bagi tema penelitian, langkah pelaksanaan penelitian, metode

analisa, dan pembahasan yang dikutip dari beberapa pustaka yang ada.



BAB 11l METODOLOGI PENELITIAN

Bab ini berisi tentang objek penelitian, jenis data yang digunakan, prosedur
penentuan sampel, metode pengumpulan data, metode analisis data, dan
kerangka alir penelitian.

BAB IV ANALISIS DAN PEMBAHASAN

Dalam bab ini diuraikan tentang formulasi permasalahan pada perusahaan,
pengumpulan data, pengolahan data yang terdiri dari pengolahan dengan
Nearest Neighbour dan Mixed Integer Linier Programming, serta analisis dan
pembahasan.

BAB V PENUTUP

Dalam bab ini diuraikan tentang kesimpulan yang dapat diambil dari
penelitian yang telah dilakukan, saran yang dapat diberikan kepada

perusahaan, dan saran untuk penelitian yang akan datang.



BAB V
KESIMPULAN DAN SARAN
5.1. Kesimpulan
Kesimpulan dari penelitian yang telah dilakukan adalah sebagai
berikut :

1. Rute distribusi air mineral cleo dari hasil pengolahan dengan metode
Nearest Neighbour dan Mixed Integer Linier Programming didapatkan 14
rute pengiriman dengan rute 1 sampai dengan rute 6 untuk pengiriman air
murni cleo galon dan rute 7 sampai dengan rute 14 untuk pengiriman air
murni cleo pack karton. Rute 1 memiliki urutan D-IRT-IBT-SDI-FMR-
IPT-HFR-IKM-SRM-D, rute 2 memiliki urutan D-MCH-CDR-IRB-IDI-
FRT-HAM-ERW-D, rute 3 memiliki urutan D-PJH-HPN-LIA-IPR-HTN-
IMS-SGN-HWS-ECF-1KJ-HKJ-RMM-D, rute 4 memiliki urutan D-HFV-
IGK-HIB-GRT-HTN-JT-JFF-D, rute 5 memiliki urutan D-KTV-ABK-
IQF-GCN-SNM-IPM-KBC-NBB-HTR-D, rute 6 memiliki urutan D-
KMC-1JN-HSH-SBM-MDT-IRJ-D, rute 7 memiliki urutan D-BAM-TSK-
SWM-HKJ-TDN-RMM-SKW:-D, rute 8 memiliki urutan D-SRM-AMD-
TPC-TCH-GRP-ERW-D, rute 9 memiliki urutan D-PRT-LIA-THR-TRY -
TKR-AGS-TSP-TEK-TTW-D, rute 10 memiliki urutan D-PND-TWM-
MDT-ATS-DVS-TWH-TDW-HTN-SGN-D, rute 11 memiliki urutan D-
AAZ-TTK-ABM-SNM-GCN-SMS-D, rute 12 memiliki urutan D-NML-
UGM-D, rute 13 memiliki urutan D-KTV-IDG-STC-NBB-CTM-TSS-D,

dan rute 14 memiliki urutan D-GRM-D.
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2. Setelah dilakukan optimasi rute, biaya bahan bakar dapat dihemat sebesar
Rp 151,615.25atau 26 % dibandingkan dengan biaya bahan bakar pada
rute awalan yaitu Rp 578,294.10.

3. Rute usulan mampu mengurangi jumlah rute dari 16 menjadi 14 rute
pengiriman atau sebesar 13%, mengurangi total jarak tempuh 198.18 Km
atau sebesar 26%, dan mengurangi total waktu tempuh 132.13 menit atau
sebesar sebesar 26%.

5.2. Saran
Saran yang diberikan dari penelitian ini adalah sebagai berikut :
1. Perusahaan dapat menerapkan hasil penelitian untuk mendapatkan
pemetaan jalur distribusi dengan jarak, waktu, dan biaya yang minimal.
2. Penelitian selanjutnya dapat membuat sistem pendukung keputusan

sehingga dapat mempermudah dalam proses pengolahan data.
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LAMPIRAN A

Matrik Jarak Pengiriman Galon

D ABK JFF CDR | IBT IPT IKM IDI 1KJ T IPM 1IN IRJ IPR IMS IGK IRB ECF | GRT | HAM | HFV | HFR | HIB | HPN | HSH
D 0 17 13 5.9 7.8 8.4 11 12 15 13 22 19 20 13 11 13 6.9 18 15 14 13 9.5 14 9.8 20
ABK 17 0 4.6 12 8.1 9 4.9 6.9 13 3.8 6.7 7.7 52 10 8.7 6.4 10 11 59 5.4 7.9 5.9 5 8.2 8.2
JFF 13 4.6 0 9.7 6.3 6.8 3.2 3.6 29 2 11 8.3 9.3 9.7 8.3 6.1 7.7 3.2 5.6 51 75 4.1 4.7 8.1 9.4
CDR 59 12 9.7 0 75 4.8 6.3 6.5 13 8.3 14 12 16 10 8.4 75 11 9.3 9.2 8.2 7.9 4.5 7.8 7.9 13
IBT 7.8 8.1 6.3 7.5 0 2.1 4.8 9.8 6.7 5.7 11 9.7 12 4.7 3.3 5 51 7 6.8 55 53 3.2 5.2 2.6 10
IPT 8.4 9 6.8 4.8 2.1 0 2.7 7.9 55 4.5 10 9 11 6.8 51 4 3.2 5.8 58 4.6 4.4 1 4.2 4.5 9.6
IKM 11 4.9 3.2 6.3 4.8 2.7 0 4 3.6 2 8.9 75 8.9 8.7 71 4.9 4.6 3.9 4.4 3.9 6.3 1.7 3.4 6.6 8.2
IDI 12 6.9 3.6 6.5 9.8 7.9 4 0 6.4 4.8 13 10 11 12 10 7.7 35 6.7 7.2 6.7 9.6 45 6.3 9.6 11
IKJ 15 13 29 13 6.7 55 3.6 6.4 0 2.4 6.2 7.2 6 8.7 7.4 51 8.7 0.28 4.6 4.1 6.5 4.5 3.7 6.9 7.8
T 13 3.8 2 8.3 5.7 4.5 2 4.8 2.4 0 7.8 6.8 7.7 8 6.4 4.1 5.6 2.7 3.6 3.1 55 22 2.7 6.1 7.4
IPM 22 6.7 11 14 11 10 8.9 13 6.2 7.8 0 2.7 3.8 9.8 10 6.7 12 6.4 53 8 6.8 8.9 7.7 10 2.6
1IN 19 7.7 8.3 12 9.7 9 75 10 7.2 6.8 2.7 0 9 il 7.6 5.6 11 7.7 4.5 7.2 4.4 8.1 6.7 9 14
IRJ 20 5.2 9.3 16 12 11 8.9 11 6 oA 3.8 79 0 11 10 7.6 14 59 6.1 9 75 9.7 8.6 11 6.3
IPR 13 10 9.7 10 4.7 6.8 8.7 12 8.7 8 9.8 /el 11 0 2.3 4 9 8.9 5.8 6.9 35 6.9 6.5 4 7.7
IMS 11 8.7 8.3 8.4 3.3 5.1 7.1 10 7.4 6.4 10 7.6 10 23 0 3 7.9 7.8 4.8 5.4 2.3 5.8 5 3.7 7.2
IGK 13 6.4 6.1 7.5 5 4 4.9 " 51 4.1 6.7 5.6 7.6 4 3 0 6.6 52 2.2 2.9 15 4.3 2.4 4.2 6.4
IRB 6.9 10 7.7 11 51 3.2 4.6 35 8.7 5.6 12 alih 14 9 7.9 6.6 0 11 8.2 7.2 6.8 3.4 6.8 9.2 12
ECF 18 11 3.2 9.3 7 5.8 3.9 6.7 0.28 25 6.4 LN, 59 8.9 7.8 52 11 0 4.9 4.4 6.8 4.8 4 72 8.1
GRT 15 5.9 5.6 9.2 6.8 5.8 4.4 7.2 4.6 3.6 53 4.5 6.1 5.8 4.8 2.2 8.2 4.9 0 2.7 3.9 3.6 2.2 55 5.7
HAM 14 54 51 8.2 55 4.6 3.9 6.7 4.1 3.1 8 7.2 9 6.9 54 2.9 7.2 4.4 2.7 0 3.1 2.6 18 3.5 7.2
HFV 13 7.9 75 7.9 5.3 4.4 6.3 9.6 6.5 5.5 6.8 4.4 7.5 3.5 2.3 1.5 6.8 6.8 3.9 3.1 0 4.7 3.9 4.5 5.2
HFR 9.5 59 4.1 4.5 3.2 1 1.7 4.5 45 2.2 8.9 8.1 ONZ 6.9 58 4.3 34 4.8 3.6 26 4.7 0 3.3 4.8 8.5
HIB 14 5 4.7 7.8 52 4.2 3.4 6.3 37 2N 7.7 6.7 8.6 6.5 5 2.4 6.8 4 2.2 1.8 3.9 3.3 0 4.6 6.6
HPN 9.8 8.2 8.1 7.9 2.6 4.5 6.6 9.6 6.9 6.1 10 9 11 4 3.7 4.2 9.2 7.2 55 3.5 4.5 4.8 4.6 0 8.5
HSH 20 8.2 9.4 13 10 9.6 8.2 11 7.8 7.4 2.6 1.4 6.3 7.7 7.2 6.4 12 8.1 5.7 7.2 52 8.5 6.6 8.5 0
HTR 15 22 3.4 11 7.6 6.4 45 6.4 2.4 3.8 6.6 9.7 6.2 11 10 12 9. 2.1 51 6 8.8 5.4 6.3 9.5 9.2
HTN 16 22 3.2 9.9 58 4.6 2.7 55 1.4 il 6.3 6.5 7.4 7.7 6.6 4.2 12 1.2 2.2 4.7 6.2 3.6 31 6.6 8.3
HWS 11 75 7.2 7.6 3.4 4.1 6 9.2 6.2 6.2 8.3 6.3 9 29 17 2 6.5 6.9 3.9 2.7 2 4.4 3.9 16 9.3
IQF 16 11 4.1 12 8.4 7.1 52 7.7 15 3.9 4.7 8.2 4.2 10 9 6.5 11 1.2 4.4 6.7 8.4 6.1 55 9.3 7.4
IRT 3.8 17 11 6.8 52 7.4 8.3 9.9 12 9.3 16 16 17 9.3 11 11 6.5 12 11 8.6 11 6.6 9.1 7.9 19
KMC 16 9.5 8.7 10 79 7 7.9 11 75 7.2 4.1 2.4 7.7 4.9 4.7 3.4 9.4 7.8 51 51 2.6 8.2 6.3 6.1 4.3
KBC 19 59 10 16 12 11 9.3 iz 6.7 8.4 13 4.8 4 8.8 8.2 6.9 15 6.4 6.9 8.5 6.1 9.5 7.6 9.7 3.8
FMR 9.4 6.2 4.5 4.4 1.9 0.95 2.8 5.7 4.9 25 9.2 7.9 10 5.8 4.6 el 3.4 52 3.9 15 35 1.2 2.7 3.9 10
MCH 6 12 9.5 0.14 6.4 5 6.4 53 9.8 7.4 17 13 16 11 9.8 8.3 19 10 8.8 6.7 8.7 53 7.8 10 15
PJH 9 9.2 8.9 8.6 2.8 55 8.3 12 7.9 7.1 11 11 13 3.5 4.6 51 8.3 8.2 6.4 4.4 5.4 6.6 5.6 2 14
FRT 13 6 57 7.6 51 4.1 4.4 7.4 4.7 3.8 6.3 55 7 4.2 3.1 0.55 6.5 4.9 2 1.8 2 4.4 2.8 3.4 7.4
SDI 85 76 59 57 0.65 2.4 4.3 7.2 6.3 4 12 9.3 12 4.3 4 4.5 4.7 6.8 5.4 3 4.8 2.6 4.2 2.3 12
KTV 14 2 2 8.5 6.3 51 3.1 7.3 18 2.4 7.3 8.3 7.4 9.5 8.4 59 75 15 3.8 4.6 7.4 4 4.9 8.3 10
ERW | 7.3 14 13 5.6 10 8.2 9.6 8.5 13 11 18 16 19 14 13 11 5 14 12 9.9 12 8.4 11 15 18
HKJ 9 8.2 7.8 7.9 1.8 4.5 6.5 9.4 6.9 59 10 8.9 12 2.9 3.6 4 6.8 L) 54 3.4 4.4 4.8 4.5 1.4 12
MDT 16 5 5.6 10 7.9 7.1 52 8.1 4.4 4.1 3.8 3.9 4.6 6.3 52 3.1 9.5 4.2 2.8 45 35 6.1 4.1 6.4 53
HTN 14 10 10 11 6.3 72 9.1 12 9.1 8.2 7 4.1 12 2.8 24 4 9.6 9.4 6.4 57 2.8 75 6.8 4.4 7.1
LIA 13 10 9.9 12 4.2 6.4 8.4 12 8.7 7.9 9.5 7.6 11 0.5 2.1 4.2 12 9 6.2 53 35 6.8 6.4 22 11
NBB 20 4.3 6.3 15 11 9 6.5 10 3.6 5.3 2.9 6.5 25 9.5 8.4 6.8 14 3.3 4.3 6.7 7.8 75 6 9.7 5.6
RMM 8 8.9 7.6 7.3 1.2 3.9 6 8.9 7.6 5.6 11 9.6 12 3.6 4.3 4.7 6.6 8.2 6.1 3.6 51 4.2 5.3 2.1 12
SNM 21 6.9 9.1 14 12 9.8 9.1 12 6.4 79 0.9 2.7 5 8.6 8.3 6.1 13 6.1 6.4 7.4 5.6 9 7.1 9.8 18
SRM 9.1 5.9 4.9 4.7 4.6 25 1 3.4 4.6 2.2 8.9 8.1 9.7 8.3 72 5.6 3.6 4.9 3.6 33 6.1 1.4 33 6.8 10
SGN 11 7.8 7.4 7.9 3.1 4.4 6.2 9.5 6.5 55 8.2 6.6 8.9 2.6 15 2.2 6.8 6.8 4.2 3 2.2 4.6 4.2 13 9.5
SBM 23 7.8 10 18 13 12 9.9 13 7.3 9 3.2 5.7 2.7 12 10 8.2 17 7.1 8 9.5 8.6 11 9.2 11 4.8
GCN 21 72 9.4 14 12 11 9.7 13 6.7 8.5 1.6 2.5 53 8.4 8.2 7.1 13 6.4 7 8 6.3 9.6 7.8 9.6 11
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HTR | HTN | HWS | IQF IRT | KMC | KBC | FMR | MCH [ PJH FRT SDI KTV | ERW | HKJ | MDT | HTN | LIA NBB | RMM | SNM | SRM | SGN [ SBM | GCN
15 16 11 16 3.8 16 19 9.4 6 9 13 8.5 14 7.3 9 16 14 13 20 8 21 9.1 11 23 21
22 2.2 7.5 11 17 9.5 59 6.2 12 9.2 6 7.6 2 14 8.2 5 10 10 43 8.9 6.9 5.9 7.8 7.8 7.2
3.4 3.2 7.2 4.1 11 8.7 10 4.5 9.5 8.9 57 5.9 2 13 7.8 5.6 10 9.9 6.3 7.6 9.1 4.9 7.4 10 9.4
11 9.9 7.6 12 6.8 10 16 4.4 0.14 8.6 7.6 5.7 8.5 5.6 7.9 10 11 12 15 7.3 14 4.7 7.9 18 14
7.6 5.8 3.4 8.4 5.2 7.9 12 19 6.4 2.8 51 0.65 6.3 10 18 7.9 6.3 4.2 11 12 12 4.6 31 13 12
6.4 4.6 4.1 7.1 7.4 7 11 0.95 5 55 4.1 2.4 51 8.2 4.5 7.1 72 6.4 9 3.9 9.8 25 4.4 12 11
4.5 2.7 6 52 8.3 7.9 9.3 2.8 6.4 8.3 4.4 4.3 31 9.6 6.5 5.2 9.1 8.4 6.5 6 9.1 1 6.2 9.9 9.7
6.4 55 9.2 7.7 9.9 11 12 5.7 53 12 7.4 7.2 7.3 8.5 9.4 8.1 12 12 10 8.9 12 3.4 9.5 13 13
2.4 1.4 6.2 15 12 75 6.7 4.9 9.8 7.9 4.7 6.3 1.8 13 6.9 4.4 9.1 8.7 3.6 7.6 6.4 4.6 6.5 7.3 6.7
3.8 15 6.2 3.9 9.3 7.2 8.4 25 7.4 7.1 3.8 4 2.4 11 5.9 4.1 8.2 7.9 53 5.6 7.9 2.2 55 9 8.5
6.6 6.3 8.3 4.7 16 4.1 1.3 9.2 17 11 6.3 12 73 18 10 3.8 7 9.5 29 11 0.9 8.9 8.2 3.2 1.6
9.7 6.5 6.3 8.2 16 2.4 4.8 7.9 13 11 55 9.3 8.3 16 8.9 3.9 4.1 7.6 6.5 9.6 2.7 8.1 6.6 5.7 25
6.2 7.4 9 4.2 17 7.7 4 10 16 13 7 12 7.4 19 12 4.6 12 11 25 12 5 9.7 8.9 2.7 53
11 7.7 2.9 10 9.3 4.9 8.8 58 11 3.5 4.2 4.3 9.5 14 2.9 6.3 2.8 0.5 9.5 3.6 8.6 8.3 2.6 12 8.4
10 6.6 17 9 11 4.7 8.2 4.6 9.8 4.6 31 4 8.4 13 3.6 5.2 2.4 2.1 8.4 4.3 8.3 7.2 15 10 8.2
72 4.2 2 6.5 11 3.4 6.9 3.1 8.3 5.1 0.55 4.5 519 11 4 3.1 4 4.2 6.8 4.7 6.1 5.6 22 8.2 71
9.7 12 6.5 11 6.5 9.4 15 3.4 1.9 8.3 6.5 4.7 75 5 6.8 9.5 9.6 12 14 6.6 13 3.6 6.8 17 13
21 1.2 6.9 12 12 7.8 6.4 52 10 8.2 4.9 6.8 15 14 ol 4.2 9.4 9 33 8.2 6.1 4.9 6.8 7.1 6.4
51 2.2 3.9 4.4 11 51 6.9 3.9 8.8 6.4 2 5.4 3.8 12 5.4 2.8 6.4 6.2 4.3 6.1 6.4 3.6 4.2 8 7
6 4.7 2.7 6.7 8.6 51 85 15 6.7 4.4 1.8 3 4.6 9.9 3.4 4.5 5.7 5.3 6.7 3.6 7.4 3.3 3 9.5 8
8.8 6.2 2 8.4 11 2.6 6.1 35 8.7 5.4 2 4.8 7.4 12 4.4 35 2.8 35 7.8 5.1 56 6.1 22 8.6 6.3
54 3.6 4.4 6.1 6.6 8.2 9.5 1.2 53 6.6 4.4 2.6 4 8.4 4.8 6.1 7.5 6.8 7.5 4.2 9 14 4.6 11 9.6
6.3 3.1 3.9 55 9.1 6.3 7.6 2.7 7.8 5.6 2.8 4.2 4.9 11 4.5 4.1 6.8 6.4 6 53 7.1 3.3 4.2 9.2 7.8
9.5 6.6 1.6 9.3 79 6.1 9.7 3.9 10 2 3.4 2.3 8.3 15 1.4 6.4 4.4 2.2 9.7 2.1 9.8 6.8 1.3 11 9.6
9.2 8.3 9.3 7.4 19 4.3 3.8 10 15 14 7.4 12 10 18 12 5.3 71 11 56 12 1.8 10 9.5 4.8 1.1
0 4.1 9.3 2.5 16 10 6.8 6.6 11 11 7.7 8 2.4 14 10 7.7 12 12 52 9.6 8.7 6.3 9.5 8.3 9
4.1 0 59 3.9 10 6.8 7 4.1 9.7 7.1 4 5.4 2.3 12 519 3.4 8.2 7.8 4.6 6.7 7.3 3.7 5.6 8.1 7.8
9.3 59 0 8.5 8.6 4.5 8 3.2 8.3 3.5 18 2.9 7.1 12 25 4.5 4.3 2.6 7.9 3.2 7.7 5.8 0.28 9.8 8.2
25 3.9 8.5 0 17 9.9 6.3 6.4 13 9.4 6.3 8.8 25 16 8.4 4.5 10 10 4.3 9.1 7 6.1 7.9 5.7 6.1
16 10 8.6 17 0 18 22 7l 57 6.3 10 5.8 11 11 6.1 13 11 9.8 14 52 16 7.8 8.1 23 18
10 6.8 4.5 9.9 18 0 4 6.1 13 8.2 4.2 7.5 7 14 il 2.6 4.2 5.4 57 7.7 35 6.8 4.8 6.5 3.7
6.8 7 8 6.3 22 4 0 8.9 15 12 5.9 11 6.5 19 11 3.4 8.8 9.6 17 11 3.9 8.7 8.1 3.6 4.2
6.6 4.1 3.2 6.4 7.1 6.1 8.9 0 52 4.8 33 15 4.4 8.4 3.7 6.2 6.3 5.6 7.8 3.1 8.9 2.6 3.4 11 9.7
11 9.7 8.3 13 57 13 15 512 0 8.8 7.7 519 8.7 .7/ 8 11 11 9.9 15 7.8 13 4.8 8 16 14
11 7.1 3.5 9.4 6.3 8.2 12 4.8 8.8 0 52 3.2 9.6 13 1 8.2 6.3 3 11 1.7 12 7.7 3.2 16 12
7.7 4 18 6.3 10 4.2 5.9 33 7.7 52 0 4.6 5.4 12 4.1 3.1 4.6 4.3 6.3 4.9 6.1 4.6 2.3 8.1 6.7
8 5.4 29 8.8 58 7.5 11 15 59 3.2 4.6 0 58 9.7 22 7.6 5.7 4.1 9.3 16 11 4.5 2.6 13 11
2.4 2.3 71 25 11 7 6.5 4.4 8.7 9.6 5.4 5.8 0 13 8 b5 10 9.9 5 7.5 7.8 4.1 7.4 8.7 8.1
14 12 12 16 11 14 19 8.4 57 13 12 9.7 13 0 12 14 15 14 16 12 17 8.6 12 19 18
10 59 25 8.4 6.1 7.1 11 3.7 8 1 4.1 2.2 8 12 0 7.2 53 2.4 9.1 0.95 10 6.6 22 12 11
7.7 3.4 4.5 4.5 13 2.6 3.4 6.2 11 8.2 31 7.6 55 14 72 0 5.4 6.8 3.7 7.7 3.7 5.7 4.9 5.6 4.3
12 8.2 4.3 10 11 4.2 8.8 6.3 11 6.3 4.6 5.7 10 15 53 5.4 0 32 9.9 6 6.2 8.9 3.4 9.2 6
12 7.8 2.6 10 9.8 5.4 9.6 5.6 6.9 3 4.3 4.1 L.l 14 2.4 6.8 3.2 0 9.3 3.1 9.1 8.2 25 12 8.9
5.2 4.6 7.9 4.3 14 5.7 1.7 7.8 15 11 6.3 9.3 5 16 9.1 3.7 9.9 9.3 0 11 4.2 8.8 8.1 3.8 4.5
9.6 6.7 3.2 9.1 52 7.7 11 3.1 7.8 1.7 4.9 16 7.5 12 0.95 7.7 6 3.1 11 0 11 6.1 29 13 11
8.7 7.3 7.7 7 16 35 3.9 8.9 13 12 6.1 11 7.8 17 10 3.7 6.2 9.1 4.2 11 0 9.1 8.8 3.2 0.85
6.3 3.7 58 6.1 7.8 6.8 8.7 2.6 4.8 7.7 4.6 4.5 41 8.6 6.6 5.7 8.9 8.2 8.8 6.1 9.1 0 6.4 11 11
9.5 5.6 0.28 7.9 8.1 4.8 8.1 3.4 8 3.2 2.3 2.6 7.4 12 22 4.9 3.4 25 8.1 2.9 8.8 6.4 0 9.9 8.7
8.3 8.1 9.8 5.7 23 6.5 3.6 11 16 16 8.1 13 8.7 19 12 5.6 9.2 12 3.8 13 3.2 11 9.9 0 4.9
9 7.8 8.2 6.1 18 3.7 4.2 9.7 14 12 6.7 11 8.1 18 11 4.3 6 8.9 4.5 11 0.85 11 8.7 4.9 0
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2. Matrik Jarak Pengiriman Karton

D AGS | AAZ | ATS | BAM | TDW | GRP [ AMD | GRM [ NML | PND | STC [ TSK IDG SMS | SWM [ TCH | TTK | TTW | TEK | TRY | skw | DVS
D 0 20 17 19 8.1 16 7.8 12 21 11 9.8 16 8.1 16 15 8.6 11 21 9.5 11 17 6.9 19
AGS 20 0 28 28 20 24 29 25 30 23 19 35 20 34 24 20 23 30 13 12 8.4 23 28
AAZ 17 28 0 9.3 9.7 9.1 17 55 6.2 6.8 10 4.2 9.6 3.7 13 10 6.9 4.1 19 20 23 11 9.8
ATS 19 28 9.3 0 7.7 2.3 14 55 2.2 6.2 7 9.2 7.6 9.8 6 7.1 55 10 16 19 20 8.3 25
BAM 8.1 20 9.7 7.7 0 6.2 9.8 4.5 8.2 3.9 2.7 75 0.1 8 7.9 0.95 3.8 18 8 9.3 15 2.2 8.8
TDW 16 24 9.1 2.3 6.2 0 13 6.1 3.2 4.8 54 9.6 6.1 10 4.1 5.6 4.7 13 15 16 19 6.9 2.6
GRP 7.8 29 17 14 9.8 13 0 11 14 10 12 15 9.8 14 19 11 10 19 16 18 24 75 16
AMD 12 25 55 55 4.5 6.1 11 0 54 1.9 59 3.7 4.1 4.2 11 5 19 8.4 12 13 19 4.6 9.8
GRM 21 30 6.2 22 8.2 3.2 14 54 0 4.4 7 75 7.4 7.1 9.8 7.2 4 75 15 17 19 8.2 6.1
NML 11 23 6.8 6.2 3.9 4.8 10 1.9 4.4 0 4.5 52 3.8 57 9.2 4.7 0.7 8.3 12 13 17 4.1 8.4
PND 9.8 19 10 7 2.7 54 12 59 7 4.5 0 10 2.7 11 75 21 4.6 8.4 12 13 17 4 8.5
STC 16 35 4.2 9.2 7.5 9.6 15 3.7 7.5 52 10 0 8.2 0.7 15 9.1 59 5.8 16 18 29 8.7 15
TSK 8.1 20 9.6 7.6 0.1 6.1 9.8 4.1 7.4 3.8 27 8.2 0 7.9 7.8 0.9 3.7 13 8 9.3 15 2.2 8.7
IDG 16 34 3.7 9.8 8 10 14 4.2 /il 57 11 0.7 7.9 0 15 8.4 52 7.4 15 17 22 7.8 11
SMS 15 24 13 6 7.9 4.1 19 11 9.8 9.2 5 15 7.8 15 0 7.3 8.8 15 15 16 16 9.5 3
SWM [ 8.6 20 10 7.1 0.95 5.6 11 5 7.2 4.7 2.1 9.1 0.9 8.4 7.3 0 4.3 12 85 9.7 14 3.2 8.1
TCH 11 23 6.9 55 3.8 4.7 10 149 4 0.7 4.6 59 3.7 52 8.8 4.3 0 8.4 12 12 17 4 8.2
TTK 21 30 4.1 10 18 13 19 8.4 75 8.3 8.4 58 13 7.4 15 12 8.4 0 21 21 25 13 13
TTW | 95 13 19 16 8 15 16 12 15 12 12 16 8 15 15 8.5 12 21 0 1.4 7.9 9.4 18
TEK 11 12 20 19 9.3 16 18 13 17 13 13 18 9.3 17 16 9.7 12 21 1.4 0 6.8 10 19
TRY 17 8.4 23 20 15 19 24 19 19 17 17 29 15 22 16 14 17 25 7.9 6.8 0 16 18
SKW 6.9 23 11 8.3 22 6.9 7.5 4.6 8.2 4.1 4 8.7 22 7.8 9.5 3.2 4 13 9.4 10 16 0 9.3
DVS 19 28 9.8 2.5 8.8 2.6 16 9.8 6.1 8.4 8.5 15 8.7 11 3 8.1 8.2 13 18 19 18 9.3 0
TKR 21 5.7 27 26 19 26 28 23 25 21 22 33 19 26 22 18 22 29 12 11 6 21 24
PRT 9.4 18 11 7.5 2.6 5.8 13 6.5 7.9 51 52 aq 2.6 9.8 6.1 1.7 52 13 8.3 9.5 12 4.8 8
TSP 15 7.2 30 24 14 25 22 18 23 18 18 22 14 21 20 14 18 27 6.1 4.7 4.8 16 22
UGM 15 25 3.8 5.6 6.9 6.1 13 3 3.3 3.1 3.2 53 6.8 4.6 10 6.7 3.2 5.8 15 16 19 7.1 8.1
TWH 18 27 10 2.3 8.7 2.3 16 9.5 6.1 8.1 8.2 15 8.6 12 3.3 7.8 7.4 12 17 18 19 9.1 0.8
THR 9.2 13 15 13 6.4 11 16 11 13 9.8 9.9 15 6.4 15 10 6.4 9.9 17 3.5 4.7 7.5 8.7 13
TSS 15 33 6.2 9.5 8.4 9.9 13 4 7.3 55 5.4 3.3 [ 3.7 14 8.6 5.4 8.2 17 18 22 6.7 12
CT™M 15 33 5.8 12 9.8 12 13 6.1 9.3 7.6 7.6 2.7 9.8 3.6 16 11 7.5 7.3 20 21 27 9.9 14
TWM 16 26 5.7 3.8 8 4.2 14 53 1.6 3.9 4 7.7 7.9 7.2 8.3 7.3 4 7.3 16 17 19 8.2 6.4
TPC 12 25 6 6.1 4.6 6.7 AL, 1 3.9 2.3 6.7 4.9 45 4.2 10 5.4 2.3 8.1 13 14 19 4.8 8.7
TDN | 8.2 19 12 7.4 22 6 12 6.3 5, 5l 1.6 10 22 9.7 6.1 13 52 13 8.9 9.4 13 4.4 7.9
KTV 14 26 5.4 7.9 6.1 8.3 16 24 5.6 3.8 8.3 2.4 6 1.7 12 6.9 3.8 7.4 15 16 21 75 10
ERW 7.3 27 17 14 9.9 13 0.8 11 14 10 15 14 12 14 19 11 10 19 16 17 24 11 16
HKJ 9 19 11 6.9 2 53 12 6.1 6.9 4.9 1.4 10 2 9.2 8 1.1 4.5 12 8.9 10 13 2.4 7.3
MDT 16 26 54 35 8.1 4.5 14 4.2 1.3 4 6.4 7.7 8 6.1 8.4 e 4.1 7.4 16 17 20 9.4 6.1
HTN 14 25 12 4 6.2 1.7 15 8.1 59 6.7 4.4 12 6.1 11 3.1 55 6.8 14 16 17 18 8.4 2.7
LIA 13 21 12 52 4.4 3.7 14 7.7 6.6 6.3 22 12 4.4 11 5 35 6.4 13 12 13 14 4.2 5.6
NBB 20 29 18 6.5 9.5 7.5 17 54 4.4 59 9.7 52 9.4 52 11 9.4 6 35 19 21 22 11 85
RMM 8 19 11 7.6 1.4 6.1 11 5.6 8 52 2.1 9.6 1.4 8.9 8.2 0.5 52 13 8.5 9.6 14 15 8
SNM 21 30 5.9 4.1 12 6,3 17 8.2 5 7 9.8 8.7 11 8 7.1 10 7.1 8.9 20 21 22 12 4.8
SRM 9.1 25 9.2 7.7 4.4 7.2 8.5 2.2 55 2.6 6.8 6.3 4.6 5.6 13 56 25 11 12 13 18 6.1 10
SGN 11 21 10 4.6 3 3.3 12 55 4.7 4.1 1.3 9.5 2.9 8.8 5.8 2.4 4.2 11 11 12 14 4.4 6
SBM 23 34 55 7.1 13 8.3 19 8.9 6.3 9.7 11 8.3 13 8.9 10 12 9.2 4.3 21 24 25 14 7.8
GCN 21 30 6.2 4 11 52 21 8.3 5.6 7.6 9.6 9 11 8.3 7 11 7.7 75 20 21 22 13 4.7
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TKR | PRT | TSP | UGM | TWH | THR | TSS | CTM [TWM | TPC [ TDN | KTV | ERW | HKJ | MDT | HTN | LIA | NBB | RMM [ SNM [ SRM | SGN | SBM | GCN
21 9.4 15 15 18 9.2 15 15 16 12 8.2 14 7.3 9 16 14 13 20 8 21 9.1 11 23 21
5.7 18 7.2 25 27 13 33 33 26 25 19 26 27 19 26 25 21 29 19 30 25 21 34 30
27 11 30 3.8 10 15 6.2 5.8 57 6 12 54 17 11 54 12 12 18 11 59 9.2 10 55 6.2
26 75 24 5.6 2.3 13 9.5 12 3.8 6.1 7.4 7.9 14 6.9 3.5 4 52 6.5 7.6 4.1 7.7 4.6 7.1 4
19 2.6 14 6.9 8.7 6.4 8.4 9.8 8 4.6 22 6.1 9.9 2 8.1 6.2 4.4 9.5 1.4 12 4.4 3 13 11
26 5.8 25 6.1 2.3 11 9.9 12 4.2 6.7 6 8.3 13 53 4.5 17 3.7 7.5 6.1 53 7.2 3.3 8.3 5.2
28 13 22 13 16 16 13 13 14 11 12 16 0.8 12 14 15 14 17 11 17 8.5 12 19 21
23 6.5 18 3 9.5 11 4 6.1 53 1 6.3 24 11 6.1 4.2 8.1 7.7 54 5.6 8.2 2.2 55 8.9 8.3
25 7.9 23 3.3 6.1 13 7.3 9.3 1.6 3.9 7.5 5.6 14 6.9 1.3 59 6.6 4.4 8 5 55 4.7 6.3 5.6
21 51 18 3.1 8.1 9.8 55 7.6 3.9 2.3 5.1 3.8 10 4.9 4 6.7 6.3 59 5.2 7 2.6 4.1 9.7 7.6
22 52 18 3.2 8.2 9.9 54 7.6 4 6.7 16 8.3 15 1.4 6.4 4.4 2.2 9.7 2.1 9.8 6.8 13 11 9.6
33 11 22 53 15 15 3.3 2.7 7.7 4.9 10 2.4 14 10 7.7 12 12 52 9.6 8.7 6.3 9.5 8.3 9
19 2.6 14 6.8 8.6 6.4 7.7 9.8 7.9 4.5 2.2 6 12 2 8 6.1 4.4 9.4 1.4 11 4.6 2.9 13 11
26 9.8 21 4.6 12 15 3.7 3.6 7.2 4.2 9.7 {17 14 9.2 6.1 11 11 52 8.9 8 5.6 8.8 8.9 8.3
22 6.1 20 10 3.3 10 14 16 8.3 10 6.1 12 19 8 8.4 3.1 5 11 8.2 7.1 13 5.8 10 7
18 17 14 6.7 7.8 6.4 8.6 11 7.3 5.4 1.3 6.9 11 11 7.1 515 35 9.4 0.5 10 5.6 24 12 11
22 52 18 3.2 7.4 9.9 5.4 75 4 2.3 5.2 3.8 10 4.5 4.1 6.8 6.4 6 5.2 7.1 2.5 4.2 9.2 7.7
29 13 27 5.8 12 17 8.2 7.3 7.3 8.1 13 7.4 19 12 7.4 14 13 35 13 8.9 11 11 4.3 7.5
12 8.3 6.1 15 17 3.5 17 20 16 13 8.9 15 16 8.9 16 16 12 19 8.5 20 12 11 21 20
11 9.5 4.7 16 18 4.7 18 21 17 14 9.4 16 17 10 17 17 13 21 9.6 21 13 12 24 21
6 12 4.8 19 19 75 22 27 19 19 13 21 24 13 20 18 14 22 14 22 18 14 25 22
21 4.8 16 7.1 9.1 8.7 6.7 9.9 8.2 4.8 4.4 7.5 11 24 9.4 8.4 4.2 11 15 12 6.1 4.4 14 13
24 8 22 8.1 0.8 13 12 14 6.4 8.7 7.9 10 16 7.3 6.1 257 5.6 8.5 8 4.8 10 6 7.8 4.7
0 16 5.9 24 25 12 26 31 24 23 ilg 25 28 17 24 24 21 32 18 29 23 19 32 28
16 0 14 7.2 8.3 4.8 10 12 7.7 T 0.6 8.6 12 0.65 7.8 5.9 2.6 11 13 11 7.3 2.8 13 11
59 14 0 21 23 9.1 25 26 22 18 14 20 22 15 22 22 17 30 14 26 17 17 29 26
24 7.2 21 0 7.2 12 5.6 7.4 25 3 7.1 4 13 6.5 2.2 75 7.3 3.9 7.2 6.1 4.7 53 6.9 6.7
25 8.3 23 7.2 0 14 12 14 59 8.2 8.3 10 15 7.6 5.6 3.1 6.2 8 8.3 4.3 9.8 5.6 7.3 4.2
12 4.8 9.1 12 14 0 15 19 12 12 53 13 16 54 13 13 8.1 18 6 17 11 7.5 18 16
26 10 25 5.6 12 15 0 2 7.6 45 10 3.1 12 10 7.2 12 12 6.1 9.7 11 4.2 9.9 9.9 11
31 12 26 7.4 14 19 2 0 9.6 6.6 12 4.1 13 12 9 14 14 53 12 9.5 6.3 11 9.1 11
24 7.7 22 2.5 5.9 12 7.6 9.6 0 4.4 8 5.8 14 7.5 0.3 5 6.2 4 8.2 34 6 53 59 4
23 7.1 18 3 8.2 12 4.5 6.6 4.4 0 6.7 2.9 11 5 3.6 7.3 7.1 52 5.8 7.1 2.9 4.7 8.4 7.7
17 0.6 14 7.1 8.3 53 10 12 8 6.7 0 8.2 12 0.65 7.5 5.9 2.6 9.8 0.75 11 6.8 2.8 13 11
25 8.6 20 4 10 13 3.1 4.1 58 2.9 8.2 0 13 8 55 10 9.9 5 7.5 7.8 4.1 7.4 8.7 8.1
28 12 22 13 15 16 12 13 14 11 12 13 0 12 14 15 14 16 12 17 8.6 12 19 18
17 0.65 15 6.5 7.6 54 10 12 7.5 5 0.65 8 12 0 7.2 5:3 2.4 9.1 0.95 10 6.6 22 12 11
24 7.8 22 2.2 5.6 13 7.2 9 0.3 3.6 7.5 55 14 7.2 0 5.4 6.8 3.7 7.7 3.7 5.7 4.9 5.6 4.3
24 59 22 7.5 3.1 13 12 14 5 7.3 5.9 10 15 53 5.4 0 3.2 9.9 6 6.2 8.9 34 9.2 6
21 2.6 17 7.3 6.2 8.1 12 14 6.2 7.8 2.6 9.9 14 24 6.8 3.2 0 9.3 3.1 9.1 8.2 25 12 8.9
32 11 30 3.9 8 18 6.1 5.3 4 52 9.8 5 16 9.1 3.7 9.9 9.3 0 11 4.2 8.8 8.1 3.8 4.5
18 13 14 7.2 8.3 6 9.7 12 8.2 5.8 0.75 7.5 12 0.95 7.7 6 3.1 11 0 11 6.1 2.9 13 11
29 11 26 6.1 4.3 17 11 9.5 34 i/ 11 7.8 iig 10 3.7 6.2 ol 4.2 11 0 9.1 8.8 3.2 0.85
23 7.3 17 4.7 9.8 11 4.2 6.3 6 2.9 6.8 4.1 8.6 6.6 5.7 8.9 8.2 8.8 6.1 9.1 0 6.4 11 11
19 2.8 17 53 5.6 7.5 9.9 11 53 4.7 2.8 7.4 12 22 4.9 3.4 2.5 8.1 2.9 8.8 6.4 0 9.9 8.7
32 13 29 6.9 7.3 18 9.9 9.1 59 8.4 13 8.7 19 12 5.6 9.2 12 3.8 13 3.2 11 9.9 0 4.9
28 11 26 6.7 4.2 16 11 11 4 7.7 11 8.1 18 11 4.3 6 8.9 4.5 11 0.85 11 8.7 4.9 0
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Matrik Waktu Tempuh Pengiriman Galon

LAMPIRAN B

D ABK | JFF | CDR | IBT IPT | IKM IDI IKJ T IPM 1IN IRJ IPR | IMS | IGK IRB | ECF | GRT | HAM | HFV [ HFR | HIB | HPN | HSH
D 0 255 | 195 | 8.85 | 11.7 | 12.6 | 16.5 18 225 | 195 33 285 30 195 | 16,5 | 19.5 | 10.35| 27 225 21 195 | 1425 21 14.7 30
ABK | 25.5 0 6.9 18 |12.15| 135 | 7.35 | 10.35 | 1.95 5.7 110.05| 1155 7.8 15 |13.05| 9.6 15 1.65 | 8.85 8.1 |11.85| 8.85 7.5 123 | 12.3
JFF | 19.5 6.9 0 1455 | 9.45 | 10.2 4.8 54 4.35 3 16.5 | 12.4513.95(14.55]12.45| 9.15 [1155| 4.8 8.4 7.65 |11.25( 6.15 | 7.05 | 12.15| 14.1
CDR | 8.85 18 | 14.55 0 11.25( 7.2 945 | 9.75 | 195 | 1245 21 18 24 15 126 |11.25| 1.65 (13.95| 13.8 | 12.3 |11.85| 6.75 | 11.7 | 11.85| 195
IBT | 11.7 [12.15| 9.45 | 11.25 0 3.15 7.2 147 110.05 | 8.55 | 16.5 | 1455 18 7.05 | 4.95 7.5 7.65 | 105 | 10.2 | 8.25 | 7.95 4.8 7.8 3.9 15
IPT | 12.6 | 135 | 10.2 7.2 3.15 0 4.05 [11.85| 8.25 | 6.75 15 135 | 165 | 10.2 | 7.65 6 4.8 8.7 8.7 6.9 6.6 15 6.3 6.75 | 14.4
IKM| 165 | 7.35 | 4.8 9.45 7.2 4.05 0 6 5.4 3 13.35(11.2513.35 [ 13.05 | 10.65 | 7.35 6.9 5.85 6.6 585 | 9.45 [ 2.55 51 9.9 12.3
IDI 18 [10.35] 5.4 9.75 | 14.7 [ 11.85 6 0 9.6 7.2 19.5 15 16.5 18 15 |[11.55) 5.25 [10.05| 10.8 |10.05| 14.4 | 6.75 | 9.45 | 144 | 165
IKJ [ 225 | 1.95 | 435 | 19.5 | 10.05| 8.25 5.4 9.6 0 3.6 9.3 10.8 9 13.05 | 11.1 | 7.65 | 13.05 | 0.42 6.9 6.15 | 9.75 [ 6.75 | 555 | 10.35 | 11.7
T [ 195 5.7 3 12.45 | 8.55 | 6.75 3 7.2 3.6 0 11.7 | 10.2 [ 1155 12 9.6 6.15 8.4 | 4.05 54 | 465 | 825 3.3 405 [ 9.15 | 111
IPM 33 |]10.05| 16.5 21 16.5 15 |13.35| 195 9.3 117 0 4.05 57 14.7 15 [10.05| 18 9.6 7.95 12 10.2 | 13.35 1155 | 15 3.9
IUN | 285 |11.55 (1245 18 |1455| 135 [11.25| 15 10.8 | 10.2 | 4.05 0 11.85|10.65 | 11.4 8.4 16.5 | 11.55 | 6.75 | 10.8 6.6 |12.15[10.05| 135 2.1
IRJ 30 7.8 |1395| 24 18 16.5 [13.35| 16.5 9 1155 | 57 |11.85 0 16.5 15 114 21 8.85 | 9.15 | 13.5 | 11.25 [ 1455 12.9 | 16.5 | 9.45
IPR | 19.5 15 |[1455( 15 7.05 ( 10.2 | 13.05| 18 [13.05| 12 14.7 | 10.65 | 16.5 0 3.45 6 135 | 13.35( 87 |10.35| 5.25 [10.35] 9.75 6 11.55
IMS | 16.5 | 13.05|12.45| 12.6 | 4.95 | 7.65 |[10.65| 15 111 9.6 15 11.4 15 3.45 0 45 |11.85( 11.7 7.2 8.1 3.45 8.7 7.5 5.55 | 10.8
IGK | 19.5 9.6 9.15 [11.25| 7.5 6 7.35 [11.55] 7.65 | 6.15 [10.05| 8.4 11.4 6 4.5 0 9.9 7.8 33 | 435 | 225 | 6.45 3.6 6.3 9.6
IRB | 1035 15 |11.55| 1.65 | 7.65 4.8 6.9 525 | 13.05( 84 18 16.5 21 135 | 1185 9.9 0 16.5 | 12.3 | 10.8 | 10.2 51 10.2 | 13.8 18
ECF | 27 165 | 48 [13.95] 105 8.7 5.85 [ 10.05| 0.42 | 4.05 9.6 |[11.55) 8.85 |13.35| 11.7 7.8 16.5 0 7.35 6.6 10.2 7.2 6 10.8 [ 12.15
GRT | 225 | 8.85 8.4 13.8 | 10.2 8.7 6.6 10.8 6.9 54 7.95 | 6.75 | 9.15 8.7 7.2 3.3 12.3 | 7.35 0 4.05 | 5.85 54 3.3 8.25 | 8.55
HAM| 21 8.1 7.65 | 123 | 8.25 6.9 5.85 [ 10.05| 6.15 | 4.65 12 10.8 | 135 [10.35| 8.1 4.35 | 10.8 6.6 4.05 0 4.65 3.9 2.7 525 | 10.8
HFV | 19.5 | 11.85]11.25|11.85 | 7.95 6.6 945 | 144 | 9.75 | 8.25 | 10.2 6.6 |11.25| 525 | 3.45 | 2.25 | 10.2 | 10.2 | 5.85 | 4.65 0 7.05 | 5.85 [ 6.75 7.8
HFR | 14.25 | 8.85 | 6.15 | 6.75 | 4.8 15 255 | 6.75 | 6.75 3.3 |13.35|12.15 | 14.55[10.35| 8.7 6.45 5.1 7.2 5.4 3.9 7.05 0 4.95 7.2 11275
HIB 21 7.5 7.05 [ 11.7 7.8 6.3 51 9.45 | 555 | 4.05 | 11.55|10.05 [ 12.9 | 9.75 75 3.6 10.2 6 3.3 2.7 5.85 [ 4.95 0 6.9 9.9
HPN | 14.7 | 12.3 [12.15]11.85| 3.9 6.75 9.9 14.4 11035 | 9.15 15 135 | 16.5 6 5.55 6.3 13.8 | 10.8 | 8.25 | 5.25 | 6.75 7.2 6.9 0 12.75
HSH 30 123 | 141 | 195 15 144 | 123 | 165 | 11.7 | 111 3.9 2.1 9.45 [ 1155 10.8 9.6 18 |[12.15| 8.55 | 10.8 78 1275 9.9 [12.75 0
HTR| 225 3.3 51 165 | 11.4 9.6 6.75 9.6 3.6 5.7 9.9 |[1455] 9.3 16.5 15 10.8 | 1455 3.15 | 7.65 9 13.2 8.1 9.45 (1425 13.8
HTN| 24 3.3 4.8 |1485| 8.7 6.9 | 405 | 8.25 21 225945 | 975 | 11.1 | 1155 9.9 6.3 18 1.8 3.3 7.05 9.3 54 | 465 9.9 |12.45
HWS| 16.5 | 11.25| 10.8 | 114 51 6.15 9 13.8 9.3 9.3 |12.45| 945 | 135 | 435 | 2.55 3 9.75 [ 10.35| 5.85 | 4.05 3 6.6 5.85 24 113.95
IQF 24 1.65 | 6.15 18 126 |10.65| 7.8 |1155] 2.25 | 5.85 [ 7.05 | 12.3 6.3 15 135 | 9.75 | 16.5 1.8 6.6 |10.05| 12.6 | 9.15 | 8.25 | 13.95| 11.1
IRT 5.7 255 | 16.5 | 10.2 7.8 111 | 12.45(1485| 18 |13.95| 24 24 255 [1395| 16.5 | 16,5 | 9.75 18 165 | 129 | 16.5 9.9 |13.65|11.85| 285
KMC| 24 |14.25|13.05( 15 |11.85| 10.5 |11.85| 16.5 [11.25| 10.8 | 6.15 3.6 |11.55| 7.35 | 7.05 551 141 | 11.7 | 7.65 | 7.65 3.9 123 | 945 | 9.15 | 6.45
KBC| 28.5 | 8.85 15 24 18 16.5 | 13.95( 18 |10.05| 12.6 | 1.95 7.2 6 13.2 | 12.3 [10.35] 225 9.6 1035|1275 9.15 | 14.25| 11.4 [1455| 57
FMR | 14.1 9.3 6.75 6.6 2.85 [ 1.425| 4.2 855 [ 735 | 3.75 | 13.8 [11.85| 15 8.7 6.9 4.65 51 7.8 585 [ 2.25 | 5.25 1.8 4.05 | 5.85 15
MCH 9 18 |14.25] 0.21 9.6 7.5 9.6 795 | 147 | 11.1 | 255 | 195 24 16.5 | 14.7 (12.45] 2.85 15 13.2 | 10.05 [ 13.05| 7.95 | 11.7 15 225
PJH | 135 | 13.8 | 13.35| 12.9 4.2 825 |12.45| 18 |11.85)|10.65( 16.5 | 16.5 | 19.5 | 5.25 6.9 7.65 |12.45( 12.3 9.6 6.6 8.1 9.9 8.4 3 21
FRT | 19.5 9 855 | 11.4 | 7.65 | 6.15 6.6 111 | 7.05 5.7 9.45 | 8.25 | 10.5 6.3 4.65 [0.825] 9.75 | 7.35 3 2.7 3 6.6 4.2 51 111
SDI | 12.75| 11.4 | 885 | 855 [0.975| 3.6 6.45 | 10.8 | 9.45 6 18 [13.95| 18 6.45 6 6.75 | 7.05 | 10.2 8.1 4.5 7.2 3.9 6.3 3.45 18
KTV| 21 3 3 12.75| 9.45 | 7.65 | 4.65 [10.95| 2.7 3.6 |10.95(12.45| 11.1 | 1425 12.6 | 8.85 | 11.25| 2.25 57 6.9 1.1 6 7.35 [12.45] 15
ERW 1095 21 19.5 8.4 15 123 | 144 [12.75] 195 | 165 27 24 28.5 21 195 | 16.5 7.5 21 18 |14.85| 18 126 | 165 | 225 27
HKJ | 135 | 123 | 11.7 [ 1185 27 6.75 | 9.75 | 14.1 | 10.35| 8.85 15 [1335| 18 4.35 5.4 6 10.2 | 10.65 | 8.1 5.1 6.6 7.2 6.75 2.1 18
MDT | 24 75 8.4 15 |11.85(10.65| 7.8 |12.15| 6.6 6.15 57 5.85 6.9 9.45 7.8 | 465 | 1425 6.3 4.2 6.75 | 5.25 | 9.15 | 6.15 9.6 7.95
HTN| 21 15 15 165 | 945 | 10.8 | 13.65| 18 (13.65| 123 | 10.5 | 6.15 18 4.2 3.6 6 144 | 141 9.6 855 | 42 |11.25] 10.2 6.6 |10.65
LIA | 195 15 |[14.85( 18 6.3 9.6 12.6 18 |[13.05(11.85]|1425| 11.4 | 16.5 | 0.75 | 3.15 6.3 18 135 9.3 7.95 | 525 | 10.2 9.6 33 16.5
NBB [ 30 6.45 | 9.45 [ 225 | 16.5 | 135 | 9.75 15 5.4 7.95 | 435 | 9.75 | 3.75 | 14.25 | 12.6 | 10.2 21 495 | 6.45 | 10.05 | 11.7 |11.25 9 1455| 8.4
RMM| 12 [13.35| 11.4 | 1095 1.8 5.85 9 1335 114 8.4 16.5 | 14.4 18 54 6.45 [ 7.05 9.9 123 | 9.15 54 | 7.65 6.3 7.95 | 3.15 18
SNM [ 315 | 10.35 | 13.65( 21 18 147 | 13.65( 18 9.6 |11.85| 1.35 | 4.05 7.5 129 |[12.45( 9.15 | 19.5 | 9.15 9.6 1.1 8.4 135 | 10.65 | 14.7 2.7
SRM | 13.65 | 8.85 | 7.35 | 7.05 6.9 3.75 15 5.1 6.9 3.3 |13.35(12.15|14.55|12.45( 10.8 8.4 5.4 7.35 54 | 495 | 9.15 21 4.95 | 10.2 15
SGN | 16.5 | 11.7 | 11.1 | 11.85 | 4.65 6.6 9.3 |[14.25) 9.75 | 8.25 | 123 9.9 |1335| 3.9 2.25 3.3 10.2 | 10.2 6.3 4.5 3.3 6.9 6.3 1.95 | 14.25
SBM [ 345 | 11.7 15 27 19.5 18 |14.85| 195 [10.95| 135 | 4.8 8.55 | 4.05 18 15 123 | 25,5 [10.65| 12 |14.25( 129 | 165 | 13.8 | 16.5 7.2
GCN | 315 | 10.8 | 14.1 21 18 16.5 | 1455 19.5 | 10.05 | 12.75 | 2.4 3.75 | 7.95 | 12.6 | 12.3 | 10.65 | 19.5 9.6 10.5 12 945 [ 144 | 11.7 | 144 | 1.65
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HTR [ HTN [ HWS | IQF | IRT | KMC | KBC | FMR | MCH | PJH | FRT | SDI | KTV [ ERW [ HKJ [ MDT | HTN | LIA | NBB |RMM | SNM | SRM | SGN | SBM | GCN
225 24 16.5 24 5.7 24 285 | 141 9 135 | 195 |12.75| 21 |10.95| 135 24 21 19.5 30 12 315 | 13.65| 16.5 | 345 | 315
33 33 [11.25] 1.65 | 255 | 14.25| 8.85 9.3 18 13.8 9 114 3 21 12.3 75 15 15 6.45 | 13.35110.35| 8.85 | 11.7 | 11.7 | 10.8
51 4.8 10.8 | 6.15 | 16.5 | 13.05| 15 6.75 | 14.25113.35| 8.55 | 8.85 3 195 | 11.7 8.4 15 [14.85] 9.45 | 11.4 |13.65| 7.35 | 11.1 15 141
16.5 | 14.85| 11.4 18 10.2 15 24 6.6 021 | 129 | 114 | 855 (1275 84 ([1185( 15 16.5 18 225 11095 | 21 7.05 | 1185 27 21
11.4 8.7 51 12.6 78 (1185 18 2.85 9.6 4.2 7.65 [ 0.975 | 9.45 15 2.7 (1185 9.45 6.3 16.5 18 18 6.9 4.65 [ 195 18
9.6 6.9 6.15 | 10.65 | 11.1 | 105 | 16.5 [1.425| 7.5 8.25 | 6.15 3.6 7.65 | 12.3 | 6.75 | 10.65 | 10.8 9.6 135 | 585 | 14.7 | 3.75 6.6 18 16.5
6.75 | 4.05 9 7.8 |12.45]11.85|13.95| 4.2 9.6 (1245 6.6 6.45 | 465 | 144 | 9.75 7.8 |[13.65( 12.6 | 9.75 9 1365 15 9.3 |14.85]|1455
9.6 8.25 | 13.8 | 11.55|14.85| 16.5 18 8.55 | 7.95 18 11.1 | 10.8 | 10.95]12.75| 141 | 1215 18 18 15 [13.35] 18 51 (1425 195 | 195
3.6 21 9.3 2.25 18 [11.25]10.05| 7.35 | 14.7 | 11.85| 7.05 | 9.45 2.7 195 | 10.35| 6.6 |13.65|13.05| 5.4 114 | 9.6 6.9 9.75 |10.95 | 10.05
5.7 2.25 9.3 585 |13.95| 10.8 | 12.6 | 3.75 | 11.1 [10.65| 5.7 6 3.6 165 | 885 | 6.15 | 12.3 | 11.85| 7.95 84 |[1185( 3.3 8.25 | 135 | 12.75
9.9 9.45 | 12.45| 7.05 24 6.15 | 1.95 | 13.8 | 25,5 | 16.5 | 9.45 18 [10.95( 27 15 5.7 105 |14.25] 435 | 165 | 1.35 | 13.35| 12.3 | 4.8 24
1455 9.75 | 9.45 | 12.3 24 3.6 7.2 (1185|195 | 16.5 | 825 | 13.95)|12.45| 24 |1335| 585 | 6.15 | 11.4 | 9.75 | 144 [ 4.05 [12.15| 9.9 8.55 | 3.75
9.3 11.1 | 135 6.3 25.5 | 11.55 6 15 24 195 | 105 18 11.1 | 285 18 6.9 18 16.5 | 3.75 18 7.5 |[1455]13.35| 4.05 | 7.95
16.5 | 11.55| 4.35 15 [13.95( 7.35 | 13.2 8.7 16.5 | 5.25 6.3 6.45 |14.25| 21 4.35 | 9.45 4.2 0.75 | 14.25| 5.4 129 |12.45] 3.9 18 12.6
15 9.9 255 | 135 | 16,5 | 7.05 | 12.3 6.9 14.7 6.9 4.65 6 126 | 19.5 5.4 7.8 3.6 3.15 | 12.6 | 6.45 | 12.45| 10.8 | 2.25 15 12.3
10.8 6.3 3 9.75 | 16.5 51 ]10.35| 4.65 | 12.45| 7.65 | 0.825| 6.75 | 8.85 | 16.5 6 4.65 6 6.3 10.2 | 7.05 | 9.15 8.4 3.3 12.3 | 10.65
1455 | 18 9.75 | 16.5 | 9.75 | 14.1 | 225 51 2.85 | 1245 9.75 | 7.05 (1125 7.5 10.2 | 14.25| 144 18 21 9.9 19.5 54 10.2 | 255 | 195
3.15 1.8 |1035| 1.8 18 117 9.6 7.8 15 123 | 7.35 | 10.2 | 2.25 21 |10.65| 6.3 141 | 135 | 495 | 123 | 9.15 | 7.35 | 10.2 [10.65| 9.6
7.65 3.3 5.85 6.6 16.5 | 7.65 | 10.35| 5.85 | 13.2 9.6 3 8.1 5.7 18 8.1 4.2 9.6 9.3 6.45 | 9.15 9.6 54 6.3 12 10.5
9 7.05 | 405 |10.05| 12.9 | 7.65 |12.75| 2.25 [10.05| 6.6 2.7 4.5 6.9 [1485| 5.1 6.75 | 855 | 7.95 [10.05| 5.4 111 | 495 45 |1425| 12
13.2 9.3 3 126 | 165 3.9 9.15 | 5.25 [13.05| 8.1 8 7.2 il it 18 6.6 5.25 4.2 525 | 11.7 | 7.65 8.4 9.15 3.3 129 | 9.45
8.1 5.4 6.6 9.15 9.9 12.3 |14.25| 1.8 7.95 9.9 6.6 3.9 6 12.6 7.2 9.15 | 11.25| 10.2 | 11.25| 6.3 135 2.1 6.9 16.5 | 14.4
9.45 | 465 | 5.85 | 8.25 [13.65| 9.45 | 11.4 | 4.05 | 11.7 8.4 4.2 6.3 7.35 | 16.5 | 6.75 | 6.15 | 10.2 9.6 9 7.95 | 10.65 | 4.95 6.3 138 | 11.7
1425 9.9 2.4 |[1395|11.85( 9.15 | 14.55| 5.85 15 3 il 3.45 | 12.45| 225 2.1 9.6 6.6 3.3 |[1455( 3.15 | 147 | 10.2 | 1.95 | 165 | 144
13.8 | 12.45|13.95| 11.1 | 285 | 6.45 5.7 15 225 21 111 18 15 27 18 7.95 110.65| 16.5 8.4 18 2.7 15 [1425] 7.2 1.65
0 6.15 | 13.95 | 3.75 24 15 10.2 9.9 16.5 | 16.5 | 11.55| 12 3.6 21 15 [1155| 18 18 7.8 144 113.05| 9.45 | 14.25|12.45| 135
6.15 0 8.85 | 5.85 15 10.2 | 10.5 | 6.15 | 14.55 | 10.65 6 8.1 3.45 18 8.85 51 123 | 117 6.9 |[10.05]10.95| 5.55 84 |1215| 11.7
13.95| 8.85 0 12,75 129 | 6.75 12 4.8 |[12.45| 5.25 2.7 | 435 (10.65| 18 3.75 | 6.75 | 6.45 3.9 |1185| 48 |1155| 8.7 042 | 147 | 123
3.75 | 5.85 | 12.75 0 255 11485 | 9.45 9.6 195 | 141 | 945 | 13.2 | 3.75 24 12.6 | 6.75 15 15 6.45 [ 13.65] 10.5 | 9.15 | 11.85| 8.55 | 9.15
24 15 129 | 255 0 27 33 |10.65 | 8.55 [ 9.45 15 8.7 16.5 | 16.5 | 9.15 | 195 | 16.5 | 14.7 21 7.8 24 11.7 [12.15] 345 27
15 10.2 | 6.75 | 1485 | 27 0 6 9.15 | 195 | 12.3 6.3 [11.25( 10.5 21 [10.65( 3.9 6.3 8.1 8.55 | 11.55| 5.25 | 10.2 7.2 9.75 | 5.55
10.2 | 105 12 9.45 33 6 0 13.35| 225 18 8.85 | 16.5 | 9.75 | 28,5 [ 16.5 51 132 | 144 | 255 | 16,5 | 5.85 | 13.05 1215 5.4 6.3
9.9 6.15 | 4.8 9.6 [10.65( 9.15 | 13.35 0 7.8 7.2 4.95 | 2.25 6.6 12.6 | 5.55 9.3 9.45 8.4 11.7 | 465 | 13.35| 3.9 5.1 16.5 | 14.55
16.5 [ 14.55(12.45| 19.5 | 855 | 19.5 | 22,5 7.8 0 13.2 | 11.55| 8.85 | 13.05| 8.55 12 16.5 | 16.5 [ 14.85| 225 | 11.7 | 195 7.2 12 24 21
16.5 [10.65 | 5.25 | 141 | 9.45 | 12.3 18 7.2 13.2 0 7.8 4.8 144 | 195 15 123 | 945 | 45 16.5 | 2.55 18 |[11.55( 4.8 24 18
11.55 6 2.7 9.45 15 6.3 8.85 | 495 | 1155 7.8 0 6.9 8.1 18 6.15 | 4.65 6.9 6.45 | 945 | 7.35 | 9.15 6.9 3.45 1 12.15]10.05
12 8.1 435 | 13.2 8.7 |11.25( 165 | 2.25 | 8.85 4.8 6.9 0 8.7 |1455( 3.3 114 | 855 | 6.15 [13.95( 2.4 16.5 | 6.75 3.9 195 | 16.5
3.6 3.45 [10.65] 3.75 | 16,5 | 10.5 | 9.75 6.6 |13.05| 14.4 8.1 8.7 0 19.5 12 8.25 15 (1485 7.5 [11.25] 11.7 | 6.15 | 11.1 | 13.05 | 12.15
21 18 18 24 16.5 21 285 | 126 | 855 | 19.5 18 | 1455 19.5 0 18 21 225 21 24 18 255 | 129 18 28.5 27
15 8.85 | 3.75 | 12.6 | 9.15 | 10.65 | 16.5 | 5.55 12 15 6.15 3.3 19 18 0 10.8 | 7.95 3.6 |13.65|1425| 15 9.9 3.3 18 16.5
1155 5.1 6.75 | 6.75 | 19.5 3.9 51 9.3 16.5 | 12.3 | 465 | 11.4 | 8.25 21 10.8 0 8.1 10.2 | 555 [11.55| 555 | 8.55 | 7.35 8.4 6.45
18 12.3 | 6.45 15 16.5 6.3 13.2 | 9.45 | 165 | 9.45 6.9 8.55 15 225 | 7.95 8.1 0 4.8 |[14.85 9 9.3 [1335( 5.1 13.8 9
18 117 3.9 15 14.7 8.1 14.4 84 |1485| 45 6.45 | 6.15 | 1485 | 21 3.6 10.2 4.8 0 13.95| 4.65 [13.65 12.3 | 3.75 18 |13.35
7.8 6.9 |[11.85( 6.45 21 8.55 | 255 | 11.7 | 225 | 165 | 9.45 [ 1395 7.5 24 |13.65| 5.55 | 14.85]13.95 0 16.5 6.3 13.2 [12.15] 5.7 6.75
144 (10.05( 4.8 |1365| 7.8 |1155| 165 | 465 | 11.7 | 255 | 7.35 24 |1125| 18 [1.425(11.55 9 465 | 16.5 0 16.5 | 9.15 | 435 | 195 | 16.5
13.05 [ 10.95 | 11.55 | 10.5 24 5.25 | 5.85 | 13.35| 19.5 18 9.15 | 16,5 | 11.7 | 255 15 5.55 9.3 [13.65( 6.3 16.5 0 1365 13.2 | 4.8 [1.275
9.45 | 555 8.7 9.15 | 11.7 | 10.2 | 13.05] 3.9 7.2 |1155( 6.9 6.75 | 6.15 | 12.9 9.9 8.55 |1 13.35| 12.3 | 13.2 | 9.15 | 13.65 0 9.6 16.5 | 16.5
1425 8.4 042 |1185|12.15| 7.2 |1215| 51 12 4.8 3.45 3.9 111 18 3.3 7.35 51 3.75 |1 12.15| 435 | 13.2 9.6 0 14.85 | 13.05
12.4512.15| 147 | 855 | 345 | 9.75 54 16.5 24 24 1215 195 | 13.05| 285 18 8.4 13.8 18 5.7 19.5 4.8 16.5 | 14.85 0 7.35
135 | 11.7 | 123 | 9.15 27 5.55 6.3 |1455| 21 18 |10.05| 16.5 [12.15| 27 16.5 | 6.45 9 13.35| 6.75 | 16.5 [ 1.275| 16.5 | 13.05| 7.35 0
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2. Matrik Waktu Tempuh Pengiriman Karton

D AGS | AAZ | ATS | BAM [ TDW | GRP | AMD [ GRM | NML | PND | STC | TSK | IDG | SMS | SWM | TCH | TTK | TTW | TEK | TRY | TSK | DVS
D 0 30 255 | 285 |12.15| 24 117 18 315 | 165 | 147 24 11215| 24 225 | 129 | 16,5 | 315 | 14.25| 16.5 | 25.5 | 10.35 28.5
AGS | 30 0 42 42 30 36 435 | 375 45 345 | 285 | 525 30 51 36 30 34.5 45 19.5 18 12.6 | 345 42
AAZ | 255 42 0 13.95|14.55|13.65| 255 | 8.25 9.3 10.2 15 6.3 14.4 | 555 | 195 15 [10.35| 6.15 | 285 30 345 | 165 | 147
ATS | 285 42 |13.95 0 11.55| 3.45 21 8.25 3.3 9.3 105 | 13.8 | 11.4 | 147 9 10.65 | 8.25 15 24 28.5 30 |12.45] 3.75
BAM|[12.15| 30 |[14.55|11.55 0 9.3 147 | 6.75 | 12.3 | 5.85 | 4.05 | 11.25| 0.15 12 [11.85(1.425| 5.7 27 12 |13.95| 225 33 13.2
TDW| 24 36 |13.65( 3.45 9.3 0 195 | 9.15 4.8 7.2 8.1 14.4 ] 9.15 15 6.15 8.4 7.05 | 195 | 225 24 285 110.35( 3.9
GRP | 11.7 | 435 | 255 21 147 | 195 0 16.5 21 15 18 225 | 147 21 285 | 165 15 28.5 24 27 36 | 11.25| 24
AMD| 18 375 | 825 | 825 | 6.75 | 9.15 | 16.5 0 8.1 285 | 885 | 555 | 6.15 6.3 16.5 7.5 285 | 126 18 19.5 | 28.5 6.9 14.7
GRM | 31.5 45 9.3 3.3 12.3 4.8 21 8.1 0 6.6 105 | 11.25| 11.1 | 10.65| 14.7 | 10.8 6 11.25| 225 | 255 | 285 | 123 | 9.15
NML | 16.5 | 34.5 | 10.2 9.3 5.85 7.2 15 2.85 6.6 0 6.75 7.8 5.7 8.55 | 13.8 | 7.05 | 1.05 | 12.45| 18 195 [ 255 | 6.15 | 12.6
PND | 14.7 | 285 15 10.5 | 4.05 8.1 18 8.85 | 105 | 6.75 0 15 4.05 | 16,5 | 11.25| 3.15 6.9 12.6 18 19.5 | 25.5 6 12.75
STC| 24 525 6.3 13.8 | 11.25| 144 | 225 | 555 [11.25| 7.8 15 0 12.3 | 1.05 | 225 | 13.65| 8.85 8.7 24 27 435 [13.05| 225
TSK [12.15| 30 144 | 114 | 0.15 | 9.15 | 147 | 6.15 | 11.1 57 4.05 | 123 0 11.85| 11.7 | 1.35 | 555 | 195 12 |13.95| 225 3.3 |13.05
IDG 24 51 555 | 147 12 15 21 6.3 |10.65| 855 | 16.5 | 1.05 | 11.85 0 225 | 126 7.8 11.1 | 225 | 255 33 11.7 | 165
SMS | 22.5 36 19.5 9 11.85| 6.15 | 285 | 16,5 | 14.7 | 13.8 | 11.25| 225 | 11.7 | 225 0 1095 | 13.2 | 225 | 225 24 24 1 14.25| 45
SWM| 12.9 30 15 |[10.651.425| 8.4 16.5 7.5 10.8 | 7.05 | 3.15 [13.65 | 1.35 | 12.6 | 10.95 0 6.45 18 |12.75|1455| 21 4.8 (1215
TCH| 16.5 | 345 | 10.35| 8.25 5.7 7.05 15 2.85 6 1.05 6.9 8.85 | 5.55 7.8 13.2 | 6.45 0 12.6 18 18 255 6 123
TTK| 315 45 6.15 15 27 195 | 285 | 12.6 [11.25[12.45( 12.6 8.7 195 | 11.1 | 225 18 12.6 0 315 | 315 | 375 | 195 | 195
TTW|14.25| 195 | 285 24 12 225 24 18 22.5 18 18 24 12 225 | 225 |12.75| 18 315 0 21 [11.85( 141 27
TEK | 16.5 18 30 285 | 13.95| 24 27 119.5811 25:58] #1915 S1819'5 27 |13.95| 255 24 |1455| 18 315 21 0 10.2 15 28.5
TRY | 255 | 12.6 | 345 30 225 | 285 36 285 | 285 | 255 | 255 | 435 | 225 33 24 21 255 | 375 | 11.85| 10.2 0 24 27
TSK | 10.35 | 345 | 16,5 |1245| 3.3 |10.35]11.25| 6.9 12.3 | 6.15 6 13.05( 3.3 11.7 (1425 4.8 6 195 | 141 15 24 0 13.95
DVS | 285 42 147 | 3.75 | 13.2 3.9 24 147 | 9.15 | 12.6 |12.75| 22.5 | 13.05 | 16.5 45 (1215 123 | 195 27 28.5 27 113.95 0
TKR| 315 | 855 | 405 39 28.5 39 42 345 | 375 | 315 33 495 | 285 39 33 27 33 435 18 16.5 9 315 36
PRT | 14.1 27 16.5 | 11.25| 3.9 8.7 19.5 | 9.75 | 11.85 | 7.65 7.8 16.5 3.9 147 | 9.15 | 2.55 7.8 19.5 [ 12.45|14.25| 18 7.2 12
TSP | 225 | 10.8 45 36 21 37.5 33 27 34.5 27 27 33 21 315 30 21 27 405 | 9.15 | 7.05 7.2 24 33
UGM | 22,5 | 37.5 57 8.4 |[10.35( 9.15 | 195 4.5 4.95 | 4.65 4.8 7.95 | 10.2 6.9 15 |[10.05| 4.8 8.7 22.5 24 28.5 |10.65 | 12.15
TWH| 27 40.5 15 3.45 | 13.05| 3.45 24 | 1425 9.15 |12.15| 123 | 225 | 12.9 18 495 | 11.7 | 111 18 255 27 285 |13.65| 1.2
THR| 13.8 | 195 | 225 | 195 9.6 16.5 24 16.5 | 195 | 14.7 | 14.85| 225 9.6 225 15 9.6 |[1485( 25,5 [ 525 [ 7.05 [11.25 [13.05| 195
TSS | 225 | 495 9.3 |1425] 126 |1485] 195 6 10.95| 8.25 8.1 4.95 | 11.55| 5.55 21 12.9 8.1 12.3 | 255 27 33 |10.05( 18
CTM| 225 | 495 8.7 18 14.7 18 195 | 9.15 | 13.95| 11.4 | 11.4 | 4.05 | 147 5.4 24 16.5 | 11.25]10.95| 30 315 | 405 | 14.85| 21
TWM| 24 39 8.55 5.7 12 6.3 21 7.95 2.4 5.85 6 11.55|11.85| 10.8 | 12.45 | 10.95 6 1095 | 24 255 | 285 | 123 9.6
TPC| 18 375 9 9.15 6.9 |10.05| 16.5 15 585 | 3.45 | 10.05| 7.35 | 6.75 6.3 15 8.1 3.45 |12.15| 195 21 28.5 7.2 |13.05
TDN| 12.3 | 285 18 111 3.3 9 18 9.45 | 11.25| 7.65 2.4 15 3.3 |1455] 9.15 | 1.95 7.8 195 (1335 14.1 | 195 6.6 |11.85
KTV| 21 39 8.1 |11.85| 9.15 | 12.45| 24 3.6 8.4 57 |[12.45( 36 ) 2.55 18 |[1035| 5.7 11.1 | 225 24 315 |11.25| 15
ERW [ 10.95 | 40.5 | 25.5 21 |14.85] 195 1.2 16.5 21 15 22.5 21 18 21 28.5 | 16.5 15 285 24 255 36 16.5 24
HKJ | 13.5 | 28.5 | 16.5 | 10.35 3 7.95 18 9.15 | 10.35 | 7.35 R4l 15 3 13.8 12 1.65 | 6.75 18 |13.35| 15 19.5 3.6 |10.95
MDT | 24 39 8.1 525 [12.15 | 6.75 21 6.3 1.95 6 9.6 |1155| 12 9.15 | 126 | 10.65] 6.15 | 11.1 24 25.5 30 141 | 9.15
HTN| 21 375 18 6 9.3 255 | 225 |12.15| 8.85 | 10.05| 6.6 18 9.15 | 16,5 | 465 | 8.25 | 10.2 21 24 255 27 126 | 4.05
LIA | 195 | 315 18 7.8 6.6 5.55 21 |1155| 99 9.45 3.3 18 6.6 16.5 7.5 5.25 9.6 19.5 18 19.5 21 6.3 8.4
NBB | 30 435 2.7 9.75 | 14.25]111.25| 255 8.1 6.6 8.85 | 1455 | 7.8 141 7.8 165 | 14.1 9 525 | 285 | 315 33 16.5 | 12.75
RMM| 12 285 | 165 | 114 21 9.15 | 16.5 8.4 12 7.8 3.15 | 14.4 2.1 |1335] 123 | 0.75 7.8 195 (1275 | 144 21 2.25 12
SNM | 31.5 45 8.85 | 6.15 18 7.95 | 2565 | 123 7.5 10.5 | 14.7 | 13.05| 16.5 12 [1065| 15 |[10.6513.35| 30 315 33 18 7.2
SRM | 13.65 | 37.5 | 13.8 | 11.55| 6.6 10.8 | 12.75| 3.3 8.25 3.9 10.2 | 9.45 6.9 8.4 195 8.4 3.75 | 165 18 19.5 27 9.15 15
SGN [ 16.5 | 31.5 15 6.9 4.5 4.95 18 825 | 7.05 | 6.15 | 1.95 | 14.25| 435 | 13.2 8.7 3.6 6.3 16.5 | 16.5 18 21 6.6 9
SBM | 34.5 51 8.25 [10.65( 19.5 (1245 285 [ 13.35( 9.45 [ 1455 16.5 (1245 195 |13.35| 15 18 138 | 6.45 | 315 36 37.5 21 117
GCN | 31.5 45 9.3 6 16.5 7.8 315 |1245] 8.4 114 | 144 | 135 | 16.5 (1245 105 | 16.5 [11.55 [ 11.25| 30 315 33 195 | 7.05

84




TKR | PRT | TSP |UGM |TWH | THR | TSS | CTM |TWM| TPC | TDN | KTV | ERW | HKJ | MDT [ HTN | LIA | NBB [RMM [ SNM | SRM | SGN | SBM | GCN
315 | 141 | 225 | 225 27 13.8 | 225 | 225 24 18 12.3 21 ]10.95] 135 24 21 19.5 30 12 315 | 13.65| 16.5 | 345 | 315
8.55 27 10.8 | 375 | 405 | 195 | 495 | 495 39 375 | 285 39 405 | 285 39 375 | 315 | 435 | 285 45 375 | 315 51 45
40.5 | 16.5 45 5.7 15 22,5 9.3 8.7 | 8.55 9 18 8.1 255 | 16.5 8.1 18 18 2.7 16.5 | 8.85 | 13.8 15 825 | 9.3
39 |11.25| 36 8.4 | 345 (195 [1425( 18 57 | 9.15 ( 11.1 (1185 21 [10.35] 5.25 6 7.8 9.75 | 114 | 6.15 | 11.55| 6.9 |10.65 6
28.5 3.9 21 110.35)13.05| 9.6 126 | 147 12 6.9 33 | 9.15 1485 3 12.15( 9.3 6.6 [1425( 21 18 6.6 4.5 195 | 165
39 8.7 375 1 9.15 | 345 | 1655 | 1485 | 18 6.3 |10.05 9 1245|195 | 795 | 6.75 | 2.55 | 555 [11.25 9.15 [ 7.95 | 10.8 | 495 [ 1245 7.8
42 195 33 195 24 24 195 | 195 21 16.5 18 24 12 18 21 22.5 21 255 | 165 | 255 | 12.75| 18 28,5 | 315
345 | 9.75 27 45 |14.25] 16.5 6 9.15 | 7.95 15 | 945 | 36 16.5 | 9.15 6.3 [12.15 (1155 8.1 8.4 123 | 33 | 8.25 [13.35( 1245
375 |11.85| 345 | 495 | 9.15 | 195 |10.95|1395| 24 | 5.85 [11.25| 8.4 21 1035 1.95 | 8.85 9.9 6.6 12 75 | 825 | 7.05 | 945 | 8.4
315 | 7.65 27 4.65 (1215 147 | 825 | 114 | 585 | 3.45 | 7.65 | 5.7 15 7.35 6 10.05 | 9.45 | 8.85 7.8 105 | 3.9 | 6.15 | 1455 114
33 7.8 27 4.8 123 [ 1485 8.1 11.4 6 10.05| 2.4 |1245]| 225 2.1 9.6 6.6 33 |[1455( 3.15 | 147 | 10.2 | 1.95 | 16.5 | 14.4
49.5 | 16.5 33 7.95 | 225 | 225 | 495 | 4.05 | 11.55] 7.35 15 3.6 21 15 | 1155 18 18 7.8 144 | 13.05| 9.45 | 14.25|12.45| 135
28.5 3.9 21 10.2 | 129 9.6 |[1155( 14.7 (1185 6.75 | 3.3 9 18 3 12 9.15 6.6 14.1 2.1 165 | 6.9 | 435 | 195 | 165
39 14.7 | 315 6.9 18 225 | 555 54 10.8 | 6.3 |14.55]| 255 21 138 | 9.15 | 16,5 | 16.5 78 [1335( 12 8.4 13.2 [ 13.35( 1245
33 9.15 30 15 4.95 15 21 24 1245 15 9.15 18 28.5 12 12.6 | 4.65 7.5 16.5 [ 12.3 [10.65| 195 [ 8.7 15 10.5
27 2.55 21 |10.05| 11.7 9.6 129 | 16,5 [ 1095 8.1 1.95 | 10.35| 16.5 | 1.65 | 10.65| 8.25 | 525 | 14.1 | 0.75 15 8.4 3.6 18 16.5
33 7.8 27 4.8 11.1 (1485 8.1 [11.25 6 345 | 7.8 5.7 15 6.75 | 6.15 | 10.2 9.6 9 78 (1065 3.75 | 6.3 13.8 [ 11.55
43.5 | 19.5 | 40.5 8.7 18 255 | 123 |1 10.95]10.95]12.15] 19.5 | 11.1 | 285 18 gL 21 195 [ 525 [ 195 [13.35( 16.5 | 16.5 | 6.45 [ 11.25
18 [12.45| 9.15 | 22,5 | 25,5 | 5.25 | 25,5 30 24 195 | 13.35| 225 24 |1335| 24 24 18 285 | 1275 30 18 16.5 | 315 30
16.5 | 14.25| 7.05 24 27 7.05 27 315 | 255 21 14.1 24 255 15 255 | 255 | 195 | 315 | 144 | 315 | 195 18 36 315
9 18 7.2 285 | 285 |11.25| 33 405 | 285 | 285 | 195 | 315 36 195 30 27 21 33 21 33 27 21 375 33
315 7.2 24 110.65)13.65|13.05)10.05|14.85| 123 | 7.2 6.6 [11.25( 16.5 3.6 141 | 126 6.3 16.5 | 2.25 18 9.15 | 6.6 21 195
36 12 33 |1215) 1.2 19.5 18 21 9.6 |[13.05(1185( 15 24 110.95| 9.15 | 4.05 8.4 (1275 12 7.2 15 9 11.7 | 7.05
0 24 8.85 36 37.5 18 39 46.5 36 345 | 25,5 | 375 42 25.5 36 36 315 48 27 435 | 345 | 285 48 42
24 0 21 108 | 12.45| 7.2 15 18 |11.55(10.65| 0.9 12.9 18 |[0.975| 11.7 | 8.85 3.9 16.5 | 1.95 | 16.5 [ 10.95( 4.2 195 | 165
8.85 21 0 315 | 345 | 13.65| 375 39 33 27 21 30 33 225 33 33 255 45 21 39 255 | 255 | 435 39
36 10.8 | 315 0 10.8 18 8.4 11.1 | 3.75 | 45 |[10.65 6 195 | 9.75 33 |11.25|10.95| 5.85 | 10.8 | 9.15 | 7.05 | 7.95 | 10.35 | 10.05
375 | 1245 | 345 | 10.8 0 21 18 21 8.85 | 123 | 12.45| 15 225 | 114 8.4 | 4.65 9.3 12 | 1245 6.45 | 147 84 [1095( 6.3
18 72 |[13.65| 18 21 0 225 | 285 18 18 7.95 | 195 24 8.1 195 | 195 |12.15| 27 9 255 | 16,5 | 11.25| 27 24
39 15 37.5 8.4 18 22,5 0 3 114 | 6.75 15 4.65 18 15 10.8 18 18 9.15 | 1455] 165 | 6.3 |14.85]14.85] 16.5
46.5 18 39 111 21 28.5 3 0 14.4 | 9.9 18 6.15 | 19.5 18 135 21 21 7.95 18 |14.25| 9.45 | 16,5 | 13.65| 16.5
36 |11.55| 33 3.75 | 8.85 18 114 | 144 0 6.6 12 8.7 21 |11.25| 0.45 75 9.3 6 12.3 51 9 7.95 | 8.85 6
345 | 1065 27 4.5 12.3 18 6.75 €).e 6.6 0 10.05| 4.35 | 16.5 7.5 54 |10.95|10.65| 7.8 8.7 |10.65| 435 | 7.05 | 12.6 |11.55
255 | 0.9 21 |10.65|12.45| 7.95 15 18 12 | 10.05 0 12.3 18 |[0.975|11.25| 8.85 3.9 147 | 1.125] 16.5 | 10.2 4.2 195 | 165
375 | 129 30 6 15 195 | 465 | 6.15 | 8.7 | 435 | 123 0 195 12 8.25 15 [1485| 75 [11.25( 11.7 | 6.15 | 11.1 [13.05(12.15
42 18 33 195 | 225 24 18 19.5 21 16.5 18 19.5 0 18 21 225 21 24 18 255 | 129 18 285 27
255 10.975] 225 | 975 | 114 | 8.1 15 18 |11.25| 7.5 |0975| 12 18 0 108 | 7.95 3.6 |[13.65(1.425( 15 9.9 3.3 18 16.5
36 117 33 3.3 8.4 195 | 10.8 | 135 | 0.45 | 54 |11.25]| 8.25 21 10.8 0 8.1 10.2 | 5.55 [ 11.55| 555 | 855 | 7.35 | 8.4 6.45
36 8.85 33 |11.25| 465 | 195 18 21 75 |[10.95( 8.85 15 225 | 7.95 8.1 0 4.8 |14.85 9 93 (1335 5.1 13.8 9
315 3.9 255 110.95| 9.3 |1215| 18 21 93 |[10.65| 3.9 (1485 21 3.6 102 | 438 0 13.95| 4.65 | 13.65| 123 | 3.75 18 [13.35
48 16.5 45 5.85 12 27 9.15 | 7.95 6 7.8 14.7 7.5 24 |13.65| 5.55 |14.85]13.95 0 16.5 6.3 13.2 [ 1215 5.7 6.75
27 1.95 21 10.8 | 12.45 9 1455 | 18 123 | 8.7 |1.125(11.25| 18 |[1.425]1155 9 4.65 [ 16.5 0 16.5 | 9.15 | 435 | 195 | 165
435 | 165 39 9.15 | 6.45 | 255 | 16,5 | 14.25| 5.1 |10.65| 16,5 | 11.7 | 255 15 5.55 9.3 [1365( 6.3 16.5 0 1365 13.2 | 48 |1.275
345 |10.95| 255 | 7.05 | 147 | 165 6.3 | 9.45 9 435 | 10.2 | 6.15 | 129 9.9 8.55 |13.35| 12.3 | 13.2 | 9.15 | 13.65 0 9.6 16.5 | 16.5
285 | 4.2 255 | 7.95 84 |[11.25(1485( 16,5 | 7.95 | 7.05 | 4.2 111 18 33 7.35 51 3.75 | 12.15| 435 | 13.2 9.6 0 14.85 | 13.05
48 195 | 435 |10.35)|10.95| 27 |14.85|13.65| 8.85 | 12.6 | 19.5 | 13.05| 285 18 8.4 | 13.8 18 57 19.5 4.8 16.5 | 14.85 0 7.35
42 16.5 39 110.05| 6.3 24 16.5 | 16.5 6 1155 16.5 [ 1215 27 16.5 | 6.45 9 13.35| 6.75 | 16.5 | 1.275| 16.5 | 13.05| 7.35 0
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LAMPIRAN C

Input Lingo

1. Pengiriman Air Murni Cleo Galon

A. Rute 2

model:

!parameter input:

A(I) =waktu buka customer T

B(I) =waktu tutup customer I

S(I) =waktu pelayanan di customer I
D(I) =jarak I ke J

DUR (I) =waktu perjalanan dari I ke J

!variabel yang dicari:

X(I,J) =1 jika terjadi perjalanan dari titik 1 ke titik J,
0 sebaliknya

M(I) =waktu dimulai pelayanan dititik I oleh K;

lketerangan node
node 1 = D

node = CDR
node = MCH
node = IDI
node IRB
node = ERW
node = HAM
node = FRT

QO ~J o U WIN
I

sets:
NODE/1..8/: S, A, B, M;
PERJALANAN (NODE, NODE) : X, D, DUR;

= 480 480 480 360 0 480 420 480;

= 960 1020 960 1320 1440 960 1020 960;
= | ke NODE;
123456738
.9 6

ul
N
S
w

.14

w
O ~J o Ww

[S2BNCIN =N}

N
ON I I

N .

R JokFR,oy0O - Ow
w o te}

H
W b .
oy U1 = O O O
N

~ O O W O Ul oY B e
[e)

N oY O

g9 d 0w

IS C, ¢,

U O WR o

— 0o Ul U U

H O W-Jo oy ®

OR O ddJpP
U J oy

~e o

o0}

DUR ke NODE;
456 78 ;

.85 9 18 10.35 10.95 21 19.5

O W= ~J 0 U= oy OO



8.85 0 0.21 9.75 1.65 8.4 12.3 11.4

9 0.21 0 7.95 2.85 8.55 10.05 11.55
18 9.75 7.95 O 5.25 12.75 10.05 11.1

10.35 1.65 2.85 5.25 O 7.5 10.8 9.75
10.95 8.4 8.55 12.75 7.5 0 14.85 18

21 12.3 10.05 10.05 10.8 14.85 0 2.7

19.5 11.4 11.55 11.1 9.75 18 2.7 0;
S =15 15 15 15 15 15 15 15 ;
R = 10000000;

enddata

'fungsi tujuan : minimasi jarak;

MIN = @SUM (NODE(I) : @SUM(NODE (J) | I #NE# J : D (I,J) *
X(L,3)));

!batasan

lkendaraan berangkat dari depot;

@FOR (NODE (I) | I #EQ# 1 : @SUM (NODE (J) | J #GT# 1 : X(I,J)) =
1);

!setiap pelanggan dikunjungi satu kali;

@FOR(NODE (J) | J #GT# 1 : @SUM(NODE (I) | I #NE# J : X(I,J)) =
1);

!setelah mengunjungi satu pelanggan, kendaraan akan meninggalkan
pelanggan tersebut untuk menuju pelanggan selanjutnya;

@FOR (NODE (H) : @SUM(NODE (I) | I #NE# H : X(I,H)) - @SUM(NODE
(J) | J #NE# H : X(H,J)) = 0);

lkendaraan kembali ke depot;

@FOR (NODE (J) | J #EQ# 1 : @SUM (NODE (I) | I #GT# 1 : X (I,J)) =
1);

!kendaraan tidak boleh sampai di di customer j sebelum
m i+s i+t ij;

@FOR (NODE (I)| I #NE# 1 : @FOR (NODE (J) : M(J) >= M(I) + S(I) +
DUR(I,J) - R * (1-X(I,J)) ));
'memastikan time window terpenuhi;
@FOR (NODE (I) | I #NE# 1 : A(I) <= M(I));
@FOR (NODE (I) | I #NE# 1 : B(I) >= M(I) + S(I));
'biner;
@QFOR (PERJALANAN (I,J) : Q@BIN(X(I,J))):
End
B. Rute 3
model :

!parameter input:

A(I) =waktu buka customer I

B(I) =waktu tutup customer I

S(I) =waktu pelayanan di customer I
D(I) =jarak I ke J

DUR(I) =waktu perjalanan dari I ke J

!variabel yang dicari:

X(I,J) =1 jika terjadi perjalanan dari titik 1 ke titik J,
0 sebaliknya

M(I) =waktu dimulai pelayanan dititik I oleh K;

!keterangan node
node 1 =D
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node 2 = RMM
node 3 = HKJ
node 4 = PJH
node 5 = HPN
node 6 = SGN
node 7 = HWS
node 8 = IMS

node 9 = LIA

node 10 = HTN

node 11 = IPR

node 12 = ECF

node 13 = IKJ

sets:

NODE/1..13/: S, A, B, M;

PERJALANAN (NODE, NODE) : X, D, DUR;
endsets

data:

A = 480 480 420 540 420 720 420 0 420 420 0 600 O;

B = 960 1020 1020 1218 1020 1020 1440 960 1020 1020 1440 1440

1440;

D = ! ke NODE;

'1 2345678910 11 12 13;

0 8 9 9 ) A 11 fl.4ls 11 13 14 13
18 15

8 0 0.95 1.7 2.1 13 3.2 4.3 3.1 6 3.
8.2 7.6

9 0.95 O 1 1.4 2.2 2.5 3.6 2.4 5.3 2
7.1 6.9

9 1.7 1 0 2 3.2 3.5 4.6 3 6.3 3
8.2 7.9

9.8 2.1 1.4 2 0 1.3 1.6 3.7 2.2 4.4 4
7.2 9

11 13 2.2 3y 1.3 0 0.28 1.5 2.5 3.4 2
6.8 6.5

11 3.2 2.5 3.5 1.6 0.28 0 1.7 2.6 4.3 2
6.9 6.2

11 4.3 B rG 4.6 Ea Vi .5 1% 7 0 2.1 2.4 2
7.8 7.4

13 39 2.4 3 %2 2.5 2.6 2 i 0 3.2 0
9 8.7

14 6 5.3 6.3 4.4 3.4 4.3 2.4 3.2 0 2
9.4 9.1

13 3.6 2.9 3.5 4 2.6 2.9 2.3 0.5 2.8 0
8.9 8.7

18 8.2 7.1 8.2 7.2 6.8 6.9 7.8 9 9.4 8
0 0.28

15 7.6 6.9 7.9 6.9 6.5 6.2 7.4 8.7 9.1 8
0.28 0;

DUR = ! ke NODE;

112345678 910 11 12 13;

0 12 13.5 13.5 14.7 16.5 1l6.5 1l6.5 19.5 21 19.
27 22.5

12 0 1.425 2.55 3.15 19.5 4.8 6.45 4.65 9 5.

12.3 11.4



13.5 1.425 0 1.5 2.1 3.3 3.75 5.4 3.6 7.95 4.35

10.65 10.35

13.5 2.55 1.5 0 3 4.8 5.25 6.9 4.5 9.45 5.25
12.3 11.85

14.7 3.15 2.1 3 0 1.95 2.4 5.55 3.3 6.6 6
10.8 10.35

16.5 19.5 3.3 4.8 1.95 0 0.42 2.25 3.75 5.1 3.9
10.2 9.75

16.5 4.8 3.75 5.25 2.4 0.42 0 2.55 3.9 6.45 4.35
10.35 9.3

16.5 6.45 5.4 6.9 5.55 2.25 2.55 O 3.15 3.6 3.45
11.7 11.1

19.5 4.65 3.6 4.5 3.3 8. 78 oY 3.15 0 4.8 0.75
13.5 13.05

21 9 7.95 9.45 6.6 5.1 6.45 3.6 4.8 0 4.2
14.1 13.65

19.5 5.4 4.35 5.25 6 34° 4.35 3.45 0.75 4.2 0
13.35 13.05

27 12.3 10.65 12.3 10.8 10.2 10.35 11.7 13.5 14.1 13.35
0 0.42

22.5 11.4 10.35 11.85 10.35 9.75 9.3 11.1 13.05 13.65 13.05
0.42 0;

S =15 15 15 15 15 15 15 15 15 15 15 15 15;

R = 10000000;

enddata

!'fungsi tujuan : minimasi jarak;

MIN = @SUM (NODE(I) : @SUM(NODE (J) | I #NE# J : D (I,J) *

X(I,J)));

!batasan

!'kendaraan berangkat dari depot;

@FOR (NODE (I) | I #EQ# 1 : @SUM (NODE (J) | J #GT# 1 : X(I,J)) =
1);

!'setiap pelanggan dikunjungi satu kali;

@FOR(NODE (J) | J #GT# 1 : Q@SUM(NODE (I) | I #NE# J : X(I,J)) =
1);

!setelah mengunjungi satu pelanggan, kendaraan akan meninggalkan
pelanggan tersebut untuk menuju pelanggan selanjutnya;

@FOR (NODE (H) : @SUM(NODE (I) | I #NE# H : X(I,H)) - @SUM(NODE
(J) | J #NE# H : X(H,J)) = 0);

!kendaraan kembali ke depot;

@FOR (NODE (J) | J #EQ# 1 : @SUM (NODE (I) | I #GT# 1 : X (I,Jd)) =
1);

lkendaraan tidak boleh sampai di di customer j sebelum

m i+s i+t ij;

@FOR (NODE (I)| I #NE# 1 : @FOR (NODE (J) : M(J) >= M(I) + S(I) +
DUR(I,J) - R * (1-X(I,J)) ));

!memastikan time window terpenuhi;

@FOR (NODE (I) | I #NE# 1 : A(I) <= M(I));

@FOR (NODE (I) | I #NE# 1 : B(I) >= M(I) + S(I));

'biner;

@FOR (PERJALANAN (I,J) : @BIN(X(I,J))):

End
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C. Rute 4

model :

!parameter input:

A(I) =waktu buka customer I

B(I) =waktu tutup customer I

S(I) =waktu pelayanan di customer I
D(I) =jarak I ke J

DUR (I) =waktu perjalanan dari I ke J

!variabel yang dicari:

X(I,J) =1 jika terjadi perjalanan dari titik 1 ke titik J,
0 sebaliknya

M(I) =waktu dimulai pelayanan dititik I oleh K;

!keterangan node
node 1 =D

node 2 = JFF
node 3 = IJT
node 4 = HTM
node 5 = HFV
node 6 = IGK
node 7 = GRT
node 8 = HIB
sets:

NODE/1..8/: S, A, B, M;
PERJALANAN (NODE, NODE) : X, D, DUR;

A = 480 480 0 420 420 0 480 420;

B = 960 1320 1440 1020 1020 1440 1200 1020;
D

!

= ! ke NODE;
'1 23456 78 ;
0 13 13 16 13 13 15 14
13 0 2 3.2 7.5 6.1 5.6 4.7
13 2 0 1.5 A5 4.1 G 2
16 3r .5 0 6.2 4.2 2.2 3.1
13 TS 9.b 6.2 0 1.5 3.9 3.9
13 &1 4.1 4.2 1.5 0 D 2.4
15 5.6 3.6 2.2 3 .9 2.2 0 2.2
14 4.7 2.7 3.1 39 2.4 242 0;
DUR = ! ke NODE;
'1 23456 78 ;
0 19.5 19.5 24 19.5 19.5 22.5 21
19.5 O 3 4.8 11.25 9.15 8.4 7.05
19.5 3 0 2.25 8.25 6.15 5.4 4.05
24 4.8 2.25 0 9.3 6.3 3.3 4.65
19.5 11.25 8.25 9.3 0 2.25 5.85 5.85
19.5 9.15 6.15 6.3 2.25 0 3.3 3.6
22.5 8.4 5.4 3.3 5.85 3.3 0 3.3
21 7.05 4.05 4.65 5.85 3.6 3.3 0;
S =15 15 15 15 15 15 15 15 ;
R = 10000000;
enddata
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!'fungsi tujuan : minimasi jarak;

MIN = @SUM (NODE(I) : @SUM(NODE (J) | I #NE# J : D (I,J) *
X(L,3)));

!batasan

'kendaraan berangkat dari depot;

@FOR (NODE (I) | I #EQ# 1 : QSUM (NODE (J) | J #GT# 1 : X(I,J)) =
1);

!setiap pelanggan dikunjungi satu kali;

@FOR (NODE (J) | J #GT# 1 : Q@SUM(NODE (I) | I #NE# J : X(I,J)) =
1);

Isetelah mengunjungi satu pelanggan, kendaraan akan meninggalkan
pelanggan tersebut untuk menuju pelanggan selanjutnya;

@FOR (NODE (H) : @SUM(NODE (I) | I #NE# H : X(I,H)) - @SUM(NODE
(J) | J #NE# H : X(H,J)) = 0);

lkendaraan kembali ke depot;

@FOR (NODE (J) | J #EQ# 1 : @SUM (NODE (I) | I #GT# 1 : X (I,Jd)) =
1);

'kendaraan tidak boleh sampai di di customer j sebelum
m i+s i+t ij;

@FOR (NODE (I)| I #NE# 1 : QFOR (NODE (J) : M(J) >= M(I) + S(I) +
DUR(I,J) - R * (1-X(I,J)) ));
'memastikan time window terpenuhi;
QFOR (NODE (I) | I #NE# 1 : A(I) <= M(I));
@FOR (NODE (I) | I #NE# 1 : B(I) >= M(I) + S(I)):;
'biner;
@FOR (PERJALANAN (I,J) : @BIN(X(I,J))):
End
D. Rute 5
model:

!parameter input:

A(I) =waktu buka customer I

B(I) =waktu tutup customer T

S(I) =waktu pelayanan di customer I
D(I) =jarak I ke J

DUR (I) =waktu perjalanan dari I ke J

!variabel yang dicari:

X(I,J) =1 jika terjadi perjalanan dari titik 1 ke titik J,
0 sebaliknya

M(I) =waktu dimulai pelayanan dititik I oleh K;

!keterangan node
node 1 =D

node 2 = KTV
node 3 = ABK
node 4 = IQF
node 5 = HTR
node 6 = NBB
node 7 = KBC
node 8 = IPM
node 9 = SNM
node 10 = GCN

’
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sets:

NODE/1..10/: S, A, B, M;

PERJALANAN (NODE, NODE) : X, D, DUR;

endsets

data:

A = 480 480 480 480 420 420 480 0 420 600;

B = 960 960 960 1200 1020 1020 960 1440 1260 1320;

D = ! ke NODE;

'1 2345678910 ;

0 14 17 16 15 20 19 22 21 21
14 0 2 2.5 2.4 5 6.5 7.3 7.8 8.1
17 2 0 1.1 2.2 4.3 5.9 6.7 6.9 7.2
16 2.5 1.1 0 2.5 4.3 6.3 4.7 7 6.1
15 2.4 2.2 2.5 0 5.2 6.8 6.6 8.7 9

20 5 4.3 4.3 5.2 0 1.7 2.9 4.2 4.5
19 6.5 5.9 6.3 6.8 i1 0 1.3 3.9 4.2
22 7.3 6.7 4.7 6.6 2489 1AS3 0 0.9 1.6
21 7.8 6.9 y/ 8.7 4.2 3ol 0.9 0 0.85
21 8.1 7.2 6.1 9 4.5 4.2 1.6 0.85 0;
DUR = ! ke NODE;

'1 23456789 10 ;

0 21 25.5 24 22.5 30 28.5 33 31.5 31.5
21 0 3 5 Mo SEG 7.5 9.75 10.95 11.7 12.15
25.5 3 0 L H55 <) A 6.45 8.85 10.05 10.35 10.8
24 3.75 1.65 0 3.75 6.45 9.45 7.05 10.5 9.15
22.5 3.6 3.3 3.75 0 7.8 10.2 9.9 13.05 13.5
30 7.5 6.45 6.45 7.8 0 2.55 4.35 6.3 6.75
28.5 9.75 8.85 9.45 10.2 2.55 O 1.95 5.85 6.3
33 10.95 10.05 7.05 9.9 4.35 1.95 O 1.35 2.4
31.5 11.7 10.35 10.5 13.05 6.3 5.85 1.35 0 1.275
31.5 12.15 10.8 9.15 13.5 6.75 6.3 2.4 1.275 0;

S =15 15 15 15 15 15 15 15 15 15;

R = 10000000;

enddata

!'fungsi tujuan : minimasi jarak;

MIN = @SUM (NODE(I) : @SUM(NODE (J) | I #NE# J : D (I,J) *
X(I,J)));

!'batasan

'kendaraan berangkat dari depot;

@FOR (NODE (I) | I #EQ# 1 : @SUM (NODE (J) | J #GT# 1 : X(I,J)) =
1);

!setiap pelanggan dikunjungi satu kali;

@FOR(NODE (J) | J #GT# 1 : Q@SUM(NODE (I) | I #NE# J : X(I,J)) =
1);

I'setelah mengunjungi satu pelanggan, kendaraan akan meninggalkan
pelanggan tersebut untuk menuju pelanggan selanjutnya;

@FOR (NODE (H) : @SUM(NODE (I) | I #NE# H : X(I,H)) - @SUM(NODE
(J) | J #NE# H : X(H,J)) = 0);

lkendaraan kembali ke depot;

@FOR (NODE (J) | J #EQ# 1 : @SUM (NODE (I) | I #GT# 1 : X (I,J)) =
1);

!'kendaraan tidak boleh sampai di di customer j sebelum

m i+s i+t 1i3j;

@FOR (NODE (I)| I #NE# 1 : @FOR (NODE (J) : M(J) >= M(I) + S(I) +
DUR(I,J) - R * (1-X(I,J)) ));

!memastikan time window terpenuhi;
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@FOR (NODE (I) | I #NE# 1 : A(I) <= M(I)):

QFOR (NODE (I) | I #NE# 1 : B(I) >= M(I) + S(I));
'biner;

@FOR (PERJALANAN (I,J) : @BIN(X(I,J))):

End

E. Rute 6

model:

!parameter input:

A(I) =waktu buka customer I

B(I) =waktu tutup customer I

S(I) =waktu pelayanan di customer I
D(I) =jarak I ke J

DUR (I) =waktu perjalanan dari I ke J

!variabel yang dicari:

X(I,J) =1 jika terjadi perjalanan dari titik 1 ke titik J,
0 sebaliknya

M(I) =waktu dimulai pelayanan dititik I oleh K;

lketerangan node
node 1 = D

node 2 = KMC
node 3 = IJN
node 4 = HSH
node 5 = SBM
node 6 = IRJ
node 7 = MDT
sets:

NODE/1..7/: S, A, B, M;
PERJALANAN (NODE, NODE) : X, D, DUR;

A = 480 540 0 420 360 420 420;

B = 960 1440 1440 1020 1278 1320 1020 ;
D

!

= ! ke NODE;
11 2 3 AE BV ™
0 16 19 20 23 20 16
16 0 2.4 4.3 6.5 7.7 2.6
19 2.4 0 14 5.7 7.9 3.9
20 4.3 1.4 0 4.8 6.3 5.3
23 6.5 5.7 4.8 0 2.7 5.6
20 7.7 7.9 6.3 2.7 0 2.7
16 2.6 3.9 5.3 5.6 2.7 0;
DUR = ! ke NODE;
'1 2 3 4567 ;
0 24 28.5 30 34.5 30 24
24 0 3.6 6.45 9.75 11.55 3.9
28.5 3.6 0 2.1 8.55 11.85 5.85
30 6.45 2.1 0 7.2 9.45 7.95
34.5 9.75 8.55 7.2 0 4.05 8.4
30 11.55 11.85 9.45 4.05 O 4.05
24 3.9 5.85 7.95 8.4 4.05 O0;



S =15 15 15 15 15 15 15 ;
R = 10000000;

enddata

!'fungsi tujuan : minimasi jarak;

MIN = @SUM (NODE(I) : Q@SUM(NODE (J) | I #NE# J : D (I,J) *
X(L,3)));

!batasan

lkendaraan berangkat dari depot;

@FOR (NODE (I) | I #EQ# 1 : @SUM (NODE (J) | J #GT# 1 : X(I,J))
1);

!setiap pelanggan dikunjungi satu kali;

@FOR(NODE (J) | J #GT# 1 : Q@SUM(NODE (I) | I #NE# J : X(I,J)) =
1);

!'setelah mengunjungi satu pelanggan, kendaraan akan meninggalkan
pelanggan tersebut untuk menuju pelanggan selanjutnya;

@FOR (NODE (H) : Q@SUM(NODE (I) | I #NE# H : X(I,H)) - QSUM(NODE
(J) | J #NE# H : X(H,J)) = 0);

lkendaraan kembali ke depot;

@FOR (NODE (J) | J #EQ# 1 : @SUM (NODE (I) | I #GT# 1 : X (I,d))
1);

!kendaraan tidak boleh sampai di di customer j sebelum
m i+s i+t ij;

@FOR (NODE (I)| I #NE# 1 : @FOR (NODE (J) : M(J) >= M(I) + S(I)
DUR(I,J) - R * (1-X(I,J)) )):

!memastikan time window terpenuhi;

@FOR (NODE (I) | I #NE# 1 : A(I) <= M(I));

@FOR (NODE (I) | I #NE# 1 : B(I) >= M(I) + S(I));

!'biner;

@FOR (PERJALANAN (I,J) : @BIN(X(I,Jd))):;

End

2. Pengiriman Air Murni Cleo Karton

A. Rute 1

model :

!parameter input:

A(I) =waktu buka customer I

B(I) =waktu tutup customer I

S(I) =waktu pelayanan di customer I
D(I) =jarak I ke J

DUR (I) =waktu perjalanan dari I ke J

!variabel yang dicari:

X(I,J) =1 jika terjadi perjalanan dari titik 1 ke titik J,
0 sebaliknya

M(I) =waktu dimulai pelayanan dititik I oleh K;

!keterangan node
node 1 =D
node 2 = SKW

+
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node 3 = RMM
node 4 = SWM
node 5 = TSK
node 6 = BAM
node 7 = HKJ
node 8 = TDN
sets:

NODE/1..8/: S, A, B, M;
PERJALANAN (NODE, NODE) : X, D, DUR;

endsets

data:

A = 480 540 480 438 420 480 480 360;

B = 960 1320 1020 1227 1020 1260 1020 1260;

D = ! ke NODE;

'1 2345678 ;

0 6.9 8 8.6 8.1 8.1 9 8.2
6.9 0 1.5 3 2.2 2.2 2.4 4.4
8 1.5 0 0.5 1.4 1.4 0.95 0.75
8.6 3.2 0.5 0 0.9 0895812 1.3
8.1 2.2 1.4 0.9 0 0.1 2 2.2
8.1 2.2 1.4 0.95 0.1 0 2 2.2
9 2.4 0.95 1.1 2 2 0 0.65
8.2 4.4 0.75 1.3 2 A2, 2.2 @595 N OF
DUR = ! ke NODE;

'12345¢6 78 ;

0 10.35 12 12.9 12.15 12.15 13.5 12.3
10.35 0 2.25 4.8 8.3 3.3 3.6 6.6
12 2.25 0 0.75 2.1 2.1 1.425 1.125
12.9 4.8 0.75 0 1.35 1.425 1.65 1.95
12.15 3.3 2.1 1.35 0 0.15 3 3.3
12.15 3.3 2.1 1.425 0.15 0 3 3.3
13.5 3.6 1.425 1.65 3 3 0 0.975
12.3 6.6 1.125 1.95 3.3 3.3 0.975 0;

S =15 15 15 15 15 15 15 15;

R = 10000000;

enddata

!'fungsi tujuan : minimasi jarak;

MIN = @SUM (NODE(I) : Q@SUM(NODE (J) | I #NE# J : D (I,J) *
X(L,3)));

!'batasan

!kendaraan berangkat dari depot;

@FOR (NODE (I) | I #EQ# 1 : @SUM (NODE (J) | J #GT# 1 : X(I,J)) =
1);

!'setiap pelanggan dikunjungi satu kali;

@FOR(NODE (J) | J #GT# 1 : Q@SUM(NODE (I) | I #NE# J : X(I,J)) =
1);

!setelah mengunjungi satu pelanggan, kendaraan akan meninggalkan
pelanggan tersebut untuk menuju pelanggan selanjutnya;

@FOR (NODE (H) : @SUM(NODE (I) | I #NE# H : X(I,H)) - @SUM(NODE
(J) | J #NE# H : X(H,J)) = 0);

!kendaraan kembali ke depot;

@FOR (NODE (J) | J #EQ# 1 : @SUM (NODE (I) | I #GT# 1 : X (I,J)) =
1);

!kendaraan tidak boleh sampai di di customer j sebelum

m i+s i+t ij;
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@FOR (NODE (I)| I #NE# 1 : @FOR (NODE (J) : M(J) = M(I) + S(I)
DUR(I,J) - R * (1-X(I,J)) ));

'memastikan time window terpenuhi;

@QFOR (NODE (I) | I #NE# 1 : A(I) <= M(I));

@FOR (NODE (I) | I #NE# 1 : B(I) >= M(I) + S(I));

'biner;

@FOR (PERJALANAN (I,J) : @BIN(X(I,J)));

End

I

B. Rute 2

model :

!parameter input:

A(I) =waktu buka customer I

B(I) =waktu tutup customer I

S(I) =waktu pelayanan di customer I
D(I) =jarak I ke J

DUR (I) =waktu perjalanan dari I ke J

!variabel yang dicari:

X(I,J) =1 jika terjadi perjalanan dari titik 1 ke titik J,
0 sebaliknya

M(I) =waktu dimulai pelayanan dititik I oleh K;

!keterangan node
node 1 =D

node 2 = ERW
node 3 = GRP
node 4 = SRM
node 5 = AMD
node 6 = TPC
node 7 = TCH
sets:

NODE/1..7/: S, A, B, M;
PERJALANAN (NODE, NODE) : X, D, DUR;

endsets

data:

A = 480 480 600 420 420 540 480;

B = 960 960 1020 1320 1020 1020 1380;

D = ! ke NODE;

'1 23 45¢6 7 ;

0 7.3 7.8 9.1 12 12 11
7.3 0 0.8 8.6 11 11 10
7.8 0.8 0 8.5 11 11 10
9.1 8.6 8.5 0 2.2 2.9 2.5
12 11 11 2.2 0 1 1.9
12 11 11 2.9 1 0 2.3
11 10 10 2.5 1.9 2.3 0;
DUR = ! ke NODE;

"1 234567 ;

0 10.95 11.7 13.65 18 18 16.5
10.95 0 1.2 12.9 16.5 16.5 15
11.7 1.2 0 12.75 16.5 16.5 15

13.65 12.9 12.75 0 3.3 4.35 3.75



18 16.5 16.5 3.3 0 1.5 2.85

18 16.5 16.5 4.35 1.5 0 3.45

16.5 15 15 3.75 2.85 3.45 O0;

S =15 15 15 15 15 15 15;

R = 10000000;

enddata

!'fungsi tujuan : minimasi jarak;

MIN = @SUM (NODE(I) : @SUM(NODE (J) | I #NE# J : D (I,J) *
X(I,d)));

!'batasan

lkendaraan berangkat dari depot;

@FOR (NODE (I) | I #EQ# 1 : @SUM (NODE (J) | J #GT# 1 : X(I,J)) =
1);

!setiap pelanggan dikunjungi satu kali;

@FOR (NODE (J) | J #GT# 1 : QSUM(NODE (I) | I #NE# J : X(I,J)) =
1);

!setelah mengunjungi satu pelanggan, kendaraan akan meninggalkan
pelanggan tersebut untuk menuju pelanggan selanjutnya;

@FOR (NODE (H) : @SUM(NODE (I) | I #NE# H : X(I,H)) - @SUM(NODE
(J) | J #NE# H : X(H,J)) = 0);

lkendaraan kembali ke depot;

@FOR (NODE (J) | J #EQ# 1 : QSUM (NODE (I) | I #GT# 1 : X (I,J)) =
1);

'kendaraan tidak boleh sampai di di customer j sebelum
m i+s i+t ij;

@FOR (NODE (I)| I #NE# 1 : @FOR (NODE (J) : M(J) >= M(I) + S(I) +
DUR(I,J) - R * (1-X(I,J)) ));
!memastikan time window terpenuhi;
@FOR (NODE (I) | I #NE# 1 : A(I) <= M(I));
@FOR (NODE (I) | I #NE# 1 : B(I) >= M(I) + S(I));
'biner;
@FOR (PERJALANAN (I,J) : Q@BIN(X(I,J))):
End
C. Rute 3
model :

!parameter input:

A(I) =waktu buka customer I

B(I) =waktu tutup customer I

S(I) =waktu pelayanan di customer I
D(I) =jarak I ke J

DUR (I) =waktu perjalanan dari I ke J

!variabel yang dicari:

X(I,J) =1 jika terjadi perjalanan dari titik 1 ke titik J,
0 sebaliknya

M(I) =waktu dimulai pelayanan dititik I oleh K;

!keterangan node
node 1 =D

node 2 = THR
node 3 = TTW
node 4 = TEK
node 5 = TSP
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node 6 = TRY

node 7 = AGS

node 8 = TKR

node 9 = PRT

node 10 = LIA
sets:

NODE/1..10/: S, A, B, M;

PERJALANAN (NODE, NODE) : X, D,

DUR;

= 480 480 318 480 318 420 480 420 480 480;
= 960 1020 1380 960 1200 1020 1260 1260 1020 960;

endsets

data

A

B

D = ! ke NODE;
'1 2 3 45¢6 78
0 9.2 9.5
9.2 0 3.5
9.5 3.5 0

11 4.7 1.4
15 9.1 6.1
17 7.5 7.9
20 13 13

21 12 12
9.4 4.8 8.3
13 8.1 12
DUR = ! ke NODE;
'12345¢6 78
0 13.8 14.25
13.8 0 5.25
14.25 5.25 0
16.5 7.05 2.1
22.5 13.65 9.15
25.5 11.25 11.85
30 19.5 19.5
31.5 18 18
14.1 7.2 12.45

19.5 12.15 18

9 10;

11 15
4.7 9.1
1.4 6.1
0 4.7
Ay, ./ 0
6.8 16
12 7.2
11 5. 49
9B 5 14
13 17

9 10;

16.5 22.5
7.05 13.65
2.1 9.15
0 7.05
7.05 0
10.2 24
18 10.8
16.5 8.85
14.25 21
19 550 25 25

~J

o O Ol

R R oo O OoydJ
. oWy o o
Ny

=N

2
11.
11.
10.
24
0
12
9
18
21

S =15 15 Dol 1A L5 166 FASVIE LS ;

R = 10000000;
enddata
!'fungsi tujuan

MIN = @SUM (NODE(I)

X(I,J)));
!'batasan

minimasi jarak;
@SUM (NODE (

!kendaraan berangkat dari depot;

@FOR (NODE (I)
1);

I #EQ# 1

@suM

!setiap pelanggan dikunjungi satu kali;

@FOR (NODE (J)
1);

!'setelah mengunjungi satu pelanggan,
pelanggan tersebut untuk menuju pelanggan selanjutnya;
@SUM (NODE
(H,J)) = 0);

@FOR (NODE (H)
(J) | J #NE# H

J #GT# 1

lkendaraan kembali ke depot;

(I)

20 21 9.4
13 12 4.8
13 12 8.3
12 11 9.5
Wt SI¥O 14
8.4 6 12
0 5.7 18
SI¥/ 0 16
18 16 0
21 21 2.6
5 30 31.5 14.1
25 19.5 18 7.2
85 19.5 18 12.45
2 18 16.5 14.25
10.8 8.85 21
12.6 9 18
6 0 8.55 27
8.55 0 24
27 24 0
S 1o sadile oo w80
J) | I #NE# J D (I,
(NODE (J) | J #GT# 1
(I) I #NE# J

@SUM (NODE

I #NE# H

kendaraan akan meninggalkan

X(I,H))

13
8.1
12
13
17
14
21
21
2.6

19.
12.
18

19.
25.
21

31.
31.
3.9
0;

J)

X(I,J))

X(I,39))

*

- @SUM (NODE
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@FOR
1);

!'kendaraan tidak boleh sampai di di customer j sebelum

(NODE

(J)

m i+s i+t _ij;

J #EQ# 1

@suM

(NODE

@FOR (NODE (I)| I #NE# 1 @FOR (NODE (J)
DUR(I,J) - R * (1-X(I,J)) ));
!memastikan time window terpenuhi;
@FOR (NODE (I) I #NE# 1 A(I) <= M(I)):;
@FOR (NODE (I) I #NE# 1 B(I) >= M(I) + S(I));
'biner;
@FOR (PERJALANAN (I,J) @BIN(X(I,J)));
End
D. Rute4
model:

!parameter input:

A(I)
B(I)
S(I)
D(I)
DUR (

!variabel yang dicari:

X (I,

M(I)

lketerangan node

node
node
node
node
node
node
node
node
node
node
7

sets

=waktu buka customer I

=waktu tutup customer I

=waktu pelayanan di customer I
=jarak I ke J

=waktu perjalanan dari I ke J

I)

J)

=waktu dimulai pelayanan dititik I oleh K;

1

2
3
4
5
6
9
8
9
1

0

=1 jika terjadi perjalanan dari titik 1 ke
0 sebaliknya

=D

PND
SGN
TDW
HTN
DVS
TWH
ATS
MDT

TWM

NODE/1..10/:

480 420 720 480 420 420 480 420 420 600;
= 960 1020 1320 1080 1020 1020 1260 1260 1020 1260;

456 78 9 10;

Shf, DBy-#M;
PERJALANAN (NODE, NODE)

endsets

data

A:

B =

D = ! ke NODE;
112 3

0 9.8 11
9.8 0 1
11 1.3 0
16 5.4 3
14 4.4 3
19 8.5 6

.3

.3
.4

16
5.

N R O W

4

.3

N O Wb P

o~

O NN O 0

X, D, DUR;

(&)}

~ o

O W N Ul oo
O Wo N

oY U1 > oY
[ S @2 BENO JTAN

I #GT# 1

M(I)

titik J,

_I_
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18 8.2 5.6 2.3 3.1 0.8 0 2.3 5.6 5.9
19 7 4.6 2.3 4 2.5 2.3 0 3.5 3.8
16 6.4 4.9 4.5 5.4 6.1 5.6 3.5 0 0.3
16 4 5.3 4.2 5 6.4 5.9 3.8 0.3 0;
DUR = ! ke NODE;

'1 23456789 10;

0 14.7 1l6.5 24 21 28.5 27 28.5 24 24
14.7 0 1.95 8.1 6.6 12.75 12.3 10.5 9.6 6
16.5 1.95 0 4.95 5.1 9 8.4 6.9 7.35 7.95
24 8.1 4.95 0 2.55 3.9 3.45 3.45 6.75 6.3
21 6.6 5.1 2.55 0 4.05 4.65 6 8.1 7.5
28.5 12.75 9 3.9 4.05 O 1.2 3.75 9.15 9.6
27 12.3 8.4 3.45 4.65 1.2 0 3.45 8.4 8.85
28.5 10.5 6.9 3.45 6 3.75 3.45 0 5.25 5.7
24 9.6 7.35 6.75 8.1 9.15 8.4 5.25 0 0.45
24 6 7.95 6.3 y 85 9.6 8.85 5.7 0.45 0;

S =15 15 15 15 15 15 15 15 15 15;

R = 10000000;

enddata

!'fungsi tujuan : minimasi jarak;

MIN = @SUM (NODE(I) : Q@SUM(NODE (J) | I #NE# J : D (I,J) *
X(L,3)));

!'batasan

'kendaraan berangkat dari depot;

@FOR (NODE (I) | I #EQ# 1 : @SUM (NODE (J) | J #GT# 1 : X(I,J)) =
1)

!setiap pelanggan dikunjungi satu kali;

@FOR (NODE (J) | J #GT# 1 : Q@SUM(NODE (I) | I #NE# J : X(I,J)) =
1);

!setelah mengunjungi satu pelanggan, kendaraan akan meninggalkan
pelanggan tersebut untuk menuju pelanggan selanjutnya;

@FOR (NODE (H) : @SUM(NODE (I) | I #NE# H : X(I,H)) - @SUM(NODE
(J) | J #NE# H : X(H,J)) = 0);

lkendaraan kembali ke depot;

@FOR (NODE (J) | J #EQ# 1 : @SUM (NODE (I) | I #GT# 1 : X (I,J)) =
1)

!kendaraan tidak boleh sampai di di customer j sebelum

m i+s i+t ij;

@FOR (NODE (I)| I #NE# 1 : QFOR (NODE (J) : M(J) >= M(I) + S(I) +
DUR(I,J) - R * (1-X(I,J)) ));

'memastikan time window terpenuhi;

@FOR (NODE (I) | I #NE# 1 : A(I) <= M(I));
@FOR (NODE (I) | I #NE# 1 : B(I) >= M(I) + S(I));
'biner;
@FOR (PERJALANAN (I,J) : Q@BIN(X(I,J))):
End
E. Rute5
model :

!parameter input:
A(I) =waktu buka customer I

B(I) =waktu tutup customer I
S(I) =waktu pelayanan di customer I
D(I) =jarak I ke J
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DUR(I) =waktu perjalanan dari I ke J

!variabel yang dicari:

X(I,J) =1 jika terjadi perjalanan dari titik 1 ke titik J,
0 sebaliknya

M(I) =waktu dimulai pelayanan dititik I oleh K;

lketerangan node
node 1 =D

node 2 = SMS

node 3 = GCN

node 4 = SNM

node 5 = SBM

node 6 = TTK

node 7 = AAZ

sets:

NODE/1..7/: S, A, B, M;

PERJALANAN (NODE, NODE) : X, D, DUR;
endsets

data:

A = 480 429 600 420 360 480 480;

B = 960 1260 1320 1260 1278 960 960;

D = ! ke NODE;

'"'1 234567 ;

0 15 21 21 23 21 17
15 0 7 7.1 10 15 13
21 7 0 0.85 4.9 7.5 6.2
21 7.1 0.85 O 3.2 8.9 5.9
23 10 4.9 3.2 0 4.3 5.5
21 15 7.5 8.9 4.3 0 4.1
17 13 6.2 5.9 5.5 4.1 0;
DUR = ! ke NODE;

'"'1 234567 ;

0 22.5 31.5 31.5 34.5 31.5 25.5
22.5 0 10.5 10.65 15 22.5 19.5
31.5 10.5 O 1.275 7.35 11.25 9.3
31.5 10.65 1.275 0 4.8 13.35 8.85
34.5 15 7.85 1448 0 6.45 8.25
31.5 22.5 11.25 13.35 6.45 O 6.15
25.5 19.5 9.3 8.85 8.25 6.15 0;

S =15 154l 15~L5 15~15y;
R = 10000000;

enddata

!'fungsi tujuan : minimasi jarak;

MIN = @SUM (NODE(I) : @SUM(NODE (J) | I #NE# J : D (I,J) *
X(I,J)));

!batasan

'kendaraan berangkat dari depot;

@FOR (NODE (I) | I #EQ# 1 : @SUM (NODE (J) | J #GT# 1 : X(I,J)) =
1);

!'setiap pelanggan dikunjungi satu kali;

@FOR (NODE (J) | J #GT# 1 : Q@SUM(NODE (I) | I #NE# J : X(I,Jd)) =
1)

!setelah mengunjungi satu pelanggan, kendaraan akan meninggalkan
pelanggan tersebut untuk menuju pelanggan selanjutnya;
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@FOR (NODE (H) : @SUM(NODE (I)
(J) | J #NE# H : X(H,J)) = 0);
!'kendaraan kembali ke depot;
@FOR (NODE (J) | J #EQ# 1 : @SUM
1)

!kendaraan tidak boleh sampai di di customer j sebelum

m_i+s_ i+t _ij;

@FOR (NODE (I)| I #NE# 1 : @QFOR
DUR(I,J) - R * (1-X(I,J)) ));
'memastikan time window terpenuhi;
@FOR (NODE (I) | I #NE# 1 : A(I)
@FOR (NODE (I) | I #NE# 1 : B(I)
'biner;
@FOR (PERJALANAN (I,J) : @BIN(X(I,J))):
End

F. Rute 6
model:
!parameter input:
A(I) =waktu buka customer I
B(I) =waktu tutup customer I
S(I) =waktu pelayanan di customer I
D(I) =jarak I ke J

DUR (I) =waktu perjalanan dari I ke J

!variabel yang dicari:

X(I,J) =1 jika terjadi perjalanan dari titik 1 ke titik J,

0 sebaliknya

M(I) =waktu dimulai pelayanan dititik I oleh K;

!keterangan node
node 1 =D
node 2 = NML

node 3 = UGM

sets:

NODE/1..3/: S, A, B, M;
PERJALANAN (NODE, NODE) : X, D,
endsets

data:

A = 480 420 420 ;

B = 960 1020 1020;

D = ! ke NODE;

123

0 11 15

11 0 3.1

15 3.1 0;

DUR = ! ke NODE;
1123 5

0 16.5 22.5

16.5 0 4.65

22.5 4.65 0;
S =15 15 15 ;
R = 10000000;

| I #NE# H

(NODE

DUR;

- @SUM (NODE

(NODE

<= M(I));
>= M(I)

(I,J)) =

+
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enddata

'fungsi tujuan : minimasi jarak;

MIN = @SUM (NODE(I) : @SUM(NODE (J) | I #NE# J : D (I,J) *
X(L,3)));

!batasan

lkendaraan berangkat dari depot;

@FOR (NODE (I) | I #EQ# 1 : @SUM (NODE (J) | J #GT# 1 : X(I,Jd)) =
1);

!setiap pelanggan dikunjungi satu kali;

@FOR(NODE (J) | J #GT# 1 : Q@SUM(NODE (I) | I #NE# J : X(I,J)) =
1);

!setelah mengunjungi satu pelanggan, kendaraan akan meninggalkan
pelanggan tersebut untuk menuju pelanggan selanjutnya;

@FOR (NODE (H) : @SUM(NODE (I) | I #NE# H : X(I,H)) - @SUM(NODE
(J) | J #NE# H : X(H,J)) = 0);

lkendaraan kembali ke depot;

@FOR (NODE (J) | J #EQ# 1 : @SUM (NODE (I) | I #GT# 1 : X (I,J)) =
1);

'kendaraan tidak boleh sampai di di customer j sebelum
m i+s i+t 1i3j;

@QFOR (NODE (I)| I #NE# 1 : @FOR (NODE (J) : M(J) >= M(I) + S(I) +
DUR(I,J) - R * (1-X(I,J)) ));
!memastikan time window terpenuhi;
@FOR (NODE (I) | I #NE# 1 : A(I) <= M(I));
@QFOR (NODE (I) | I #NE# 1 : B(I) >= M(I) + S(I));
'biner;
@QFOR (PERJALANAN (I,J) : Q@BIN(X(I,J))):
End
G. Rute7
model :

!parameter input:

A(I) =waktu buka customer T

B(I) =waktu tutup customer I

S(I) =waktu pelayanan di customer I
D(I) =jarak I ke J

DUR(I) =waktu perjalanan dari I ke J

!variabel yang dicari:

X(I,J) =1 jika terjadi perjalanan dari titik 1 ke titik J,
0 sebaliknya

M(I) =waktu dimulai pelayanan dititik I oleh K;

lketerangan node
node 1 =D

node 2 = KTV
node 3 = IDG
node 4 = STC
node 5 = CTM
node 6 = TSS
node 7 = NBB
sets:
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NODE/1..7/: S, A, B, M;

PERJALANAN (NODE, NODE) : X, D, DUR;
endsets

data:

A = 480 480 480 420 480 480 420;

B = 960 960 1260 1020 1080 1260 1020;
D

|

= | ke NODE;

1234567 ;
0 14 16 16 15 15 20
14 0 1.7 2.4 4.1 3.1 5
16 1.7 0 0.7 3.6 3.7 5.2
16 2.4 0.7 0 2.7 8. 3 5.2
15 4.1 3.6 2.7 0 2 5.3
15 3.1 3.7 3.3 2 0 6.1
20 5 5.2 5.2 5.3 6.1 0;
DUR = ! ke NODE;
'1 2345067 ;
0 21 24 24 22.5 22.5 30
21 0 2.55 3.6 RIS Ly T5 M &
24 2.55 0 iy, 05 54 o Sy Wt
24 3.6 1.05 0 4.05 4.95 7.8
22.5 6.15 5.4 4.05 O 3 TS
22.5 4.65 5.55 4.95 3 0 S o N5
30 7.5 7.8 7.8 1% ERLY OF
S =15 15 15 15 15 15 15 ;
R = 10000000;
enddata
!'fungsi tujuan : minimasi jarak;
MIN = @SUM (NODE(I) : @SUM(NODE (J) | I #NE# J : D (I,J) *
X(I,d)));
!'batasan

!'kendaraan berangkat dari depot;

@FOR (NODE (I) | I #EQ# 1 : @SUM (NODE (J) | J #GT# 1 : X(I,J)) =
1);

!setiap pelanggan dikunjungi satu kali;

@FOR(NODE (J) | J #GT# 1 : QSUM(NODE (I) | I #NE# J : X(I,J)) =
1);

!'setelah mengunjungi satu pelanggan, kendaraan akan meninggalkan
pelanggan tersebut untuk menuju pelanggan selanjutnya;

@FOR (NODE (H) : @SUM(NODE (I) | I #NE# H : X(I,H)) - @SUM(NODE
(J) | J #NE# H : X(H,J)) = 0);

'kendaraan kembali ke depot;

@FOR (NODE (J) | J #EQ# 1 : @SUM (NODE (I) | I #GT# 1 : X (I,J)) =
1);

!kendaraan tidak boleh sampai di di customer j sebelum

m i+s i+t i3j;

@FOR (NODE (I)| I #NE# 1 : @FOR (NODE (J) : M(J) >= M(I) + S(I) +
DUR(I,J) - R * (1-X(I,J)) ));

!memastikan time window terpenuhi;

@FOR (NODE (I) | I #NE# 1 : A(I) <= M(I));

@FOR (NODE (I) | I #NE# 1 : B(I) >= M(I) + S(I));

'biner;

@FOR (PERJALANAN (I,J) : Q@BIN(X(I,J))):

End
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LAMPIRAN D
Output Lingo 17.0

1. Pengiriman Air Murni Cleo Galon

A.Rute 1
Global optimal solution found.
Objective value: 24.90000
Objective bound: 24.90000
Infeasibilities: 0.000000
Extended solver steps: 2762
Total solver iterations: 13101
Elapsed runtime seconds: 2.44
Model Class: MILP
Total variables: 90
Nonlinear variables: 0
Integer variables: 81
Total constraints: 108
Nonlinear constraints: 0
Total nonzeros: 512
Nonlinear nonzeros: 0
Variable Value Reduced Cost
R 0.1000000E+08 0.000000
S( 1) 15.00000 0.000000
S( 2) 15.00000 0.000000
S( 3) 15.00000 0.000000
S( 4) 15.00000 0.000000
S( 5) 15.00000 0.000000
S( 6) 15.00000 0.000000
S( 7) 15.00000 0.000000
S( 8) 15.00000 0.000000
S( 9) 15.00000 0.000000
A( 1) 480.0000 0.000000
A( 2) 318.0000 0.000000
A( 3) 0.000000 0.000000
A( 4) 480.0000 0.000000
A( 5) 420.0000 0.000000
A( 6) 0.000000 0.000000
A(7) 420.0000 0.000000
A( 8) 420.0000 0.000000
A(9) 0.000000 0.000000
B( 1) 960.0000 0.000000
B( 2) 1218.000 0.000000
B( 3) 1440.000 0.000000
B( 4) 960.0000 0.000000
B( 5) 1260.000 0.000000
B( 6) 1440.000 0.000000
B( 7) 1020.000 0.000000
B( 8) 1320.000 0.000000
B( 9) 1440.000 0.000000
M( 1) 1456.500 0.000000
M( 2) 441.2250 0.000000
M( 3) 464.0250 0.000000
M( 4) 480.0000 0.000000
M( 5) 497.2500 0.000000
M( 6) 847.7250 0.000000
M( 7) 1005.000 0.000000
M( 8) 1305.000 0.000000
M( 9) 1288.500 0.000000
X(1, 1) 0.000000 0.000000
X(1, 2) 1.000000 3.800000
X( 1, 3) 0.000000 7.800000
X( 1, 4) 0.000000 8.500000
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.000000 9.400000
.000000 8.400000
.000000 9.500000
.000000 9.100000
.000000 11.00000
.000000 3.800000
.000000 0.000000
.000000 5.200000
.000000 5.800000
.000000 7.100000
.000000 7.400000
.000000 6.600000
.000000 7.800000
.000000 8.300000
.000000 7.800000
.000000 5.200000
.000000 0.000000
.000000 0.6500000
.000000 1.900000
.000000 2.100000
.000000 3.200000
.000000 4.600000
.000000 4.800000
.000000 8.500000
.000000 5.800000
.000000 0.6500000
.000000 0.000000
.000000 1.500000
.000000 2.400000
.000000 2.600000
.000000 4.500000
.000000 4.300000
.000000 9.400000
.000000 7.100000
.000000 1.900000
.000000 1.500000
.000000 0.000000
.000000 0.9500000
.000000 1.200000
.000000 2.600000
.000000 2.800000
.000000 8.400000
.000000 7.400000
.000000 2.100000
.000000 2.400000
.000000 0.9500000
.000000 0.000000
.000000 1.000000
.000000 2.500000
.000000 2.700000
.000000 9.500000
.000000 6.600000
.000000 3.200000
.000000 2.600000
.000000 1.200000
.000000 1.000000
.000000 0.000000
.000000 1.400000
.000000 1.700000
.000000 9.100000
.000000 7.800000
.000000 4.600000
.000000 4.500000
.000000 2.600000
.000000 2.500000
.000000 1.400000
.000000 0.000000
.000000 1.000000
.000000 11.00000
.000000 8.300000
.000000 4.800000
.000000 4.300000
.000000 2.800000
.000000 2.700000
.000000 1.700000
.000000 1.000000
.000000 0.000000
.000000 0.000000
.800000 0.000000
.800000 0.000000
.500000 0.000000
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9.400000 0.000000
8.400000 0.000000
9.500000 0.000000
9.100000 0.000000
11.00000 0.000000
3.800000 0.000000
0.000000 0.000000
5.200000 0.000000
5.800000 0.000000
7.100000 0.000000
7.400000 0.000000
6.600000 0.000000
7.800000 0.000000
8.300000 0.000000
7.800000 0.000000
5.200000 0.000000
0.000000 0.000000
0.6500000 0.000000
1.900000 0.000000
2.100000 0.000000
3.200000 0.000000
4.600000 0.000000
4.800000 0.000000
8.500000 0.000000
5.800000 0.000000
0.6500000 0.000000
0.000000 0.000000
1.500000 0.000000
2.400000 0.000000
2.600000 0.000000
4.500000 0.000000
4.300000 0.000000
9.400000 0.000000
7.100000 0.000000
1.900000 0.000000
1.500000 0.000000
0.000000 0.000000
0.9500000 0.000000
1.200000 0.000000
2.600000 0.000000
2.800000 0.000000
8.400000 0.000000
7.400000 0.000000
2.100000 0.000000
2.400000 0.000000
0.9500000 0.000000
0.000000 0.000000
1.000000 0.000000
2.500000 0.000000
2.700000 0.000000
9.500000 0.000000
6.600000 0.000000
3.200000 0.000000
2.600000 0.000000
1.200000 0.000000
1.000000 0.000000
0.000000 0.000000
1.400000 0.000000
1.700000 0.000000
9.100000 0.000000
7.800000 0.000000
4.600000 0.000000
4.500000 0.000000
2.600000 0.000000
2.500000 0.000000
1.400000 0.000000
0.000000 0.000000
1.000000 0.000000
11.00000 0.000000
8.300000 0.000000
4.800000 0.000000
4.300000 0.000000
2.800000 0.000000
2.700000 0.000000
1.700000 0.000000
1.000000 0.000000
0.000000 0.000000
0.000000 0.000000
5.700000 0.000000
11.70000 0.000000
12.75000 0.000000
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14.10000 0.000000
12.60000 0.000000
14.25000 0.000000
13.65000 0.000000
16.50000 0.000000
5.700000 0.000000
0.000000 0.000000
7.800000 0.000000
8.700000 0.000000
10.65000 0.000000
11.10000 0.000000
9.900000 0.000000
11.70000 0.000000
12.45000 0.000000
11.70000 0.000000
7.800000 0.000000
0.000000 0.000000
0.9750000 0.000000
2.850000 0.000000
3.150000 0.000000
4.800000 0.000000
6.900000 0.000000
7.200000 0.000000
12.75000 0.000000
8.700000 0.000000
0.9750000 0.000000
0.000000 0.000000
2.250000 0.000000
3.600000 0.000000
3.900000 0.000000
6.750000 0.000000
6.450000 0.000000
14.10000 0.000000
10.65000 0.000000
2.850000 0.000000
2.250000 0.000000
0.000000 0.000000
1.425000 0.000000
1.800000 0.000000
3.900000 0.000000
4.200000 0.000000
12.60000 0.000000
11.10000 0.000000
3.150000 0.000000
3.600000 0.000000
1.425000 0.000000
0.000000 0.000000
1.500000 0.000000
3.750000 0.000000
4.050000 0.000000
14.25000 0.000000
9.900000 0.000000
4.800000 0.000000
3.900000 0.000000
1.800000 0.000000
1.500000 0.000000
0.000000 0.000000
2.100000 0.000000
2.550000 0.000000
13.65000 0.000000
11.70000 0.000000
6.900000 0.000000
6.750000 0.000000
3.900000 0.000000
3.750000 0.000000
2.100000 0.000000
0.000000 0.000000
1.500000 0.000000
16.50000 0.000000
12.45000 0.000000
7.200000 0.000000
6.450000 0.000000
4.200000 0.000000
4.050000 0.000000
2.550000 0.000000
1.500000 0.000000
0.000000 0.000000
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B. Rute 2

Global optimal solution found.

Objective value: 37.14000
Objective bound: 37.14000
Infeasibilities: 0.000000
Extended solver steps: 67
Total solver iterations: 892
Elapsed runtime seconds: 0.19
Model Class: MILP
Total variables: 72
Nonlinear variables: 0
Integer variables: 64
Total constraints: 88
Nonlinear constraints: 0
Total nonzeros: 399
Nonlinear nonzeros: 0
Variable Value Reduced Cost
R 0.1000000E+08 0.000000
S( 1) 15.00000 0.000000
S( 2) 15.00000 0.000000
S( 3) 15.00000 0.000000
S( 4) 15.00000 0.000000
S( 5) 15.00000 0.000000
S( 6) 15.00000 0.000000
S( 7) 15.00000 0.000000
S( 8) 15.00000 0.000000
A( 1) 480.0000 0.000000
A( 2) 480.0000 0.000000
A( 3) 480.0000 0.000000
A( 4) 360.0000 0.000000
A( 5) 0.000000 0.000000
A( 6) 480.0000 0.000000
A(7) 420.0000 0.000000
A( 8) 480.0000 0.000000
B( 1) 960.0000 0.000000
B( 2) 1020.000 0.000000
B( 3) 960.0000 0.000000
B( 4) 1320.000 0.000000
B( 5) 1440.000 0.000000
B( 6) 960.0000 0.000000
B( 7) 1020.000 0.000000
B( 8) 960.0000 0.000000
M( 1) 1350.600 0.000000
M( 2) 495.2100 0.000000
M( 3) 480.0000 0.000000
M( 4) 532.1100 0.000000
M( 5) 511.8600 0.000000
M( 6) 605.7600 0.000000
M( 7) 575.9100 0.000000
M( 8) 558.2100 0.000000
X(1, 1) 0.000000 0.000000
X(1, 2) 0.000000 5.900000
X( 1, 3) 1.000000 6.000000
X(1, 4) 0.000000 12.00000
X( 1, 5) 0.000000 6.900000
X( 1, 6) 0.000000 7.300000
X(1, 7) 0.000000 14.00000
X( 1, 8) 0.000000 13.00000
X(2, 1) 0.000000 5.900000
X( 2, 2) 0.000000 0.000000
X( 2, 3) 0.000000 0.1400000
X( 2, 4) 0.000000 6.500000
X( 2, 5) 1.000000 1.100000
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0.000000 5.600000
0.000000 8.200000
0.000000 7.600000
0.000000 6.000000
1.000000 0.1400000
0.000000 0.000000
0.000000 5.300000
0.000000 1.900000
0.000000 5.700000
0.000000 6.700000
0.000000 7.700000
0.000000 12.00000
0.000000 6.500000
0.000000 5.300000
0.000000 0.000000
0.000000 3.500000
0.000000 8.500000
0.000000 6.700000
1.000000 7.400000
0.000000 6.900000
0.000000 1.100000
0.000000 1.900000
1.000000 3.500000
0.000000 0.000000
0.000000 5.000000
0.000000 7.200000
0.000000 6.500000
1.000000 7.300000
0.000000 5.600000
0.000000 5.700000
0.000000 8.500000
0.000000 5.000000
0.000000 0.000000
0.000000 9.900000
0.000000 12.00000
0.000000 14.00000
0.000000 8.200000
0.000000 6.700000
0.000000 6.700000
0.000000 7.200000
1.000000 9.900000
0.000000 0.000000
0.000000 1.800000
0.000000 13.00000
0.000000 7.600000
0.000000 7.700000
0.000000 7.400000
0.000000 6.500000
0.000000 12.00000
1.000000 1.800000
0.000000 0.000000
0.000000 0.000000
5.900000 0.000000
6.000000 0.000000
12.00000 0.000000
6.900000 0.000000
7.300000 0.000000
14.00000 0.000000
13.00000 0.000000
5.900000 0.000000
0.000000 0.000000
0.1400000 0.000000
6.500000 0.000000
1.100000 0.000000
5.600000 0.000000
8.200000 0.000000
7.600000 0.000000
6.000000 0.000000
0.1400000 0.000000
0.000000 0.000000
5.300000 0.000000
1.900000 0.000000
5.700000 0.000000
6.700000 0.000000
7.700000 0.000000
12.00000 0.000000
6.500000 0.000000
5.300000 0.000000
0.000000 0.000000
3.500000 0.000000
8.500000 0.000000
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6.700000 0.000000
7.400000 0.000000
6.900000 0.000000
1.100000 0.000000
1.900000 0.000000
3.500000 0.000000
0.000000 0.000000
5.000000 0.000000
7.200000 0.000000
6.500000 0.000000
7.300000 0.000000
5.600000 0.000000
5.700000 0.000000
8.500000 0.000000
5.000000 0.000000
0.000000 0.000000
9.900000 0.000000
12.00000 0.000000
14.00000 0.000000
8.200000 0.000000
6.700000 0.000000
6.700000 0.000000
7.200000 0.000000
9.900000 0.000000
0.000000 0.000000
1.800000 0.000000
13.00000 0.000000
7.600000 0.000000
7.700000 0.000000
7.400000 0.000000
6.500000 0.000000
12.00000 0.000000
1.800000 0.000000
0.000000 0.000000
0.000000 0.000000
8.850000 0.000000
9.000000 0.000000
18.00000 0.000000
10.35000 0.000000
10.95000 0.000000
21.00000 0.000000
19.50000 0.000000
8.850000 0.000000
0.000000 0.000000
0.2100000 0.000000
9.750000 0.000000
1.650000 0.000000
8.400000 0.000000
12.30000 0.000000
11.40000 0.000000
9.000000 0.000000
0.2100000 0.000000
0.000000 0.000000
7.950000 0.000000
2.850000 0.000000
8.550000 0.000000
10.05000 0.000000
11.55000 0.000000
18.00000 0.000000
9.750000 0.000000
7.950000 0.000000
0.000000 0.000000
5.250000 0.000000
12.75000 0.000000
10.05000 0.000000
11.10000 0.000000
10.35000 0.000000
1.650000 0.000000
2.850000 0.000000
5.250000 0.000000
0.000000 0.000000
7.500000 0.000000
10.80000 0.000000
9.750000 0.000000
10.95000 0.000000
8.400000 0.000000
8.550000 0.000000
12.75000 0.000000
7.500000 0.000000
0.000000 0.000000
14.85000 0.000000
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DUR( 6, 8) 18.00000 0.000000
DUR( 7, 1) 21.00000 0.000000
DUR( 7, 2) 12.30000 0.000000
DUR( 7, 3) 10.05000 0.000000
DUR( 7, 4) 10.05000 0.000000
DUR( 7, 5) 10.80000 0.000000
DUR( 7, 6) 14.85000 0.000000
DUR( 7, 7) 0.000000 0.000000
DUR( 7, 8) 2.700000 0.000000
DUR( 8, 1) 19.50000 0.000000
DUR( 8, 2) 11.40000 0.000000
DUR( 8, 3) 11.55000 0.000000
DUR( 8, 4) 11.10000 0.000000
DUR( 8, 5) 9.750000 0.000000
DUR( 8, 6) 18.00000 0.000000
DUR( 8, 7) 2.700000 0.000000
DUR( 8, 8) 0.000000 0.000000
C.Rute 3
Global optimal solution found.
Objective value: 43.21000
Objective bound: 43.21000
Infeasibilities: 0.000000
Extended solver steps: 1903
Total solver iterations: 23420
Elapsed runtime seconds: E o YL
Model Class: MILP
Total variables: 182
Nonlinear variables: 0
Integer variables: 169
Total constraints: 208
Nonlinear constraints: 0
Total nonzeros: 1104
Nonlinear nonzeros: 0
Variable Value Reduced Cost
R 0.1000000E+08 0.000000
S( 1) 15.00000 0.000000
S( 2) 15.00000 0.000000
S( 3) 15.00000 0.000000
S( 4) 15.00000 0.000000
S( 5) 15.00000 0.000000
S( 6) 15.00000 0.000000
S( 7) 15.00000 0.000000
S( 8) 15.00000 0.000000
S( 9) 15.00000 0.000000
S( 10) 15.00000 0.000000
S( 11) 15.00000 0.000000
S( 12) 15.00000 0.000000
S( 13) 15.00000 0.000000
A( 1) 480.0000 0.000000
A( 2) 480.0000 0.000000
A( 3) 420.0000 0.000000
A( 4) 540.0000 0.000000
A( 5) 420.0000 0.000000
A( 6) 720.0000 0.000000
A(7) 420.0000 0.000000
A( 8) 0.000000 0.000000
A(9) 420.0000 0.000000
A( 10) 420.0000 0.000000
A( 11) 0.000000 0.000000
A( 12) 600.0000 0.000000
A( 13) 0.000000 0.000000
B( 1) 960.0000 0.000000
B( 2) 1020.000 0.000000
B( 3) 1020.000 0.000000
B( 4) 1218.000 0.000000
B( 5) 1020.000 0.000000
B( 6) 1020.000 0.000000
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7) 1440.000 0.000000
8) 960.0000 0.000000
9) 1020.000 0.000000
10) 1020.000 0.000000
11) 1440.000 0.000000
12) 1440.000 0.000000
13) 1440.000 0.000000
1) 1467.000 0.000000
2) 817.2150 0.000000
3) 800.7900 0.000000
4) 540.0000 0.000000
5) 558.0000 0.000000
6) 720.0000 0.000000
7) 735.4200 0.000000
8) 702.7500 0.000000
9) 576.3000 0.000000
10) 684.1500 0.000000
1) 664.9500 0.000000
12) 775.1400 0.000000
13) 759.7200 0.000000
1) 0.000000 0.000000
2) 0.000000 8.000000
3) 0.000000 9.000000
4) 1.000000 9.000000
5) 0.000000 9.800000
6) 0.000000 11.00000
) 0.000000 11.00000
8) 0.000000 11.00000
9) 0.000000 13.00000
10) 0.000000 14.00000
11) 0.000000 13.00000
12) 0.000000 18.00000
13) 0.000000 15.00000
1) 1.000000 8.000000
2) 0.000000 0.000000
3)) 0.000000 0.9500000
4) 0.000000 1.700000
5) 0.000000 2.100000
6) 0.000000 13.00000
7) 0.000000 3.200000
8) 0.000000 4.300000
9) 0.000000 3.100000
10) 0.000000 6.000000
11) 0.000000 3.600000
12) 0.000000 8.200000
13) 0.000000 7.600000
1) 0.000000 9.000000
2) 1.000000 0.9500000
3) 0.000000 0.000000
4) 0.000000 1.000000
5) 0.000000 1.400000
6) 0.000000 2.200000
7) 0.000000 2.500000
8) 0.000000 3.600000
9) 0.000000 2.400000
10) 0.000000 5.300000
11) 0.000000 2.900000
12) 0.000000 7.100000
13) 0.000000 6.900000
1) 0.000000 9.000000
2) 0.000000 1.700000
3) 0.000000 1.000000
4) 0.000000 0.000000
5) 1.000000 2.000000
6) 0.000000 3.200000
7) 0.000000 3.500000
8) 0.000000 4.600000
9) 0.000000 3.000000
10) 0.000000 6.300000
11) 0.000000 3.500000
12) 0.000000 8.200000
13) 0.000000 7.900000
1) 0.000000 9.800000
2) 0.000000 2.100000
3) 0.000000 1.400000
4) 0.000000 2.000000
5) 0.000000 0.000000
6) 0.000000 1.300000
7) 0.000000 1.600000
8) 0.000000 3.700000
9) 1.000000 2.200000
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o=

.000000 4.400000

.000000 4.000000
.000000 7.200000
.000000 6.900000
.000000 11.00000
.000000 13.00000
.000000 2.200000
.000000 3.200000
.000000 1.300000
.000000 0.000000
.000000 0.2800000
.000000 1.500000
.000000 2.500000
.000000 3.400000
.000000 2.600000
.000000 6.800000
.000000 6.500000
.000000 11.00000
.000000 3.200000
.000000 2.500000
.000000 3.500000
.000000 1.600000
.000000 0.2800000
.000000 0.000000
.000000 1.700000
.000000 2.600000
.000000 4.300000
.000000 2.900000
.000000 6.900000
.000000 6.200000
.000000 11.00000
.000000 4.300000
.000000 3.600000
.000000 4.600000
.000000 3.700000
.000000 1.500000
.000000 1.700000
.000000 0.000000
.000000 2.100000
.000000 2.400000
.000000 2.300000
.000000 7.800000
.000000 7.400000
.000000 13.00000
.000000 3.100000
.000000 2.400000
.000000 3.000000
.000000 2.200000
.000000 2.500000
.000000 2.600000
.000000 2.100000
.000000 0.000000
.000000 3.200000
.000000 0.5000000
.000000 9.000000
.000000 8.700000
.000000 14.00000
.000000 6.000000
.000000 5.300000
.000000 6.300000
.000000 4.400000
.000000 3.400000
.000000 4.300000
.000000 2.400000
.000000 3.200000
.000000 0.000000
.000000 2.800000
.000000 9.400000
.000000 9.100000
.000000 13.00000
.000000 3.600000
.000000 2.900000
.000000 3.500000
.000000 4.000000
.000000 2.600000
.000000 2.900000
.000000 2.300000
.000000 0.5000000
.000000 2.800000
.000000 0.000000
.000000 8.900000
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.000000 8.700000

0
0.000000 18.00000
0.000000 8.200000
1.000000 7.100000
0.000000 8.200000
0.000000 7.200000
0.000000 6.800000
0.000000 6.900000
0.000000 7.800000
0.000000 9.000000
0.000000 9.400000
0.000000 8.900000
0.000000 0.000000
0.000000 0.2800000
0.000000 15.00000
0.000000 7.600000
0.000000 6.900000
0.000000 7.900000
0.000000 6.900000
0.000000 6.500000
0.000000 6.200000
0.000000 7.400000
0.000000 8.700000
0.000000 9.100000
0.000000 8.700000
1.000000 0.2800000
0.000000 0.000000
0.000000 0.000000
8.000000 0.000000
9.000000 0.000000
9.000000 0.000000
9.800000 0.000000
11.00000 0.000000
11.00000 0.000000
11.00000 0.000000
13.00000 0.000000
14.00000 0.000000
13.00000 0.000000
18.00000 0.000000
15.00000 0.000000
8.000000 0.000000
0.000000 0.000000
0.9500000 0.000000
1.700000 0.000000
2.100000 0.000000
13.00000 0.000000
3.200000 0.000000
4.300000 0.000000
3.100000 0.000000
6.000000 0.000000
3.600000 0.000000
8.200000 0.000000
7.600000 0.000000
9.000000 0.000000
0.9500000 0.000000
0.000000 0.000000
1.000000 0.000000
1.400000 0.000000
2.200000 0.000000
2.500000 0.000000
3.600000 0.000000
2.400000 0.000000
5.300000 0.000000
2.900000 0.000000
7.100000 0.000000
6.900000 0.000000
9.000000 0.000000
1.700000 0.000000
1.000000 0.000000
0.000000 0.000000
2.000000 0.000000
3.200000 0.000000
3.500000 0.000000
4.600000 0.000000
3.000000 0.000000
6.300000 0.000000
3.500000 0.000000
8.200000 0.000000
7.900000 0.000000
9.800000 0.000000
2.100000 0.000000

115



(SN2 RNC, RNC, RNC, BN )]
O WV W Jo) U W

=

[sRvlviv]
[S2RCINE, RNE)]

e = e e NN e e MR
e
w NP

O W ®W-Jo U WN

O ouoo
oy O O O
-

PURNU I G RS RGN B IR N
el
W N =

ey
O W®WJo U WN

O ooo
~N 3

C 00 0O 00 O O O W O~

e
W N =

[y
O W W-JOo U WN

0 ©

©WVWWYWwVWwOwYVwwwwous ~ ~ ~

O ouou
~—_— - - - - -~ ~UJJuyuyugyyvyuyvyuyYy ~~~~UUUUDUUUUU ~~~~0UU0UU0UUUUUUU ~~~~0U0U0UUDUU0UUU ~~~~UU0UUUUOUOUO

o e
w N =

O WWJo U™ WN

[y

o e
O WO Jo Ul WN R WN

lvlviivilvllwS S akalvivivivivivivivivlviivhvlv)
=

o
G WP WN e

1.400000 0.000000
2.000000 0.000000
0.000000 0.000000
1.300000 0.000000
1.600000 0.000000
3.700000 0.000000
2.200000 0.000000
4.400000 0.000000
4.000000 0.000000
7.200000 0.000000
6.900000 0.000000
11.00000 0.000000
13.00000 0.000000
2.200000 0.000000
3.200000 0.000000
1.300000 0.000000
0.000000 0.000000
0.2800000 0.000000
1.500000 0.000000
2.500000 0.000000
3.400000 0.000000
2.600000 0.000000
6.800000 0.000000
6.500000 0.000000
11.00000 0.000000
3.200000 0.000000
2.500000 0.000000
3.500000 0.000000
1.600000 0.000000
0.2800000 0.000000
0.000000 0.000000
1.700000 0.000000
2.600000 0.000000
4.300000 0.000000
2.900000 0.000000
6.900000 0.000000
6.200000 0.000000
11.00000 0.000000
4.300000 0.000000
3.600000 0.000000
4.600000 0.000000
3.700000 0.000000
1.500000 0.000000
1.700000 0.000000
0.000000 0.000000
2.100000 0.000000
2.400000 0.000000
2.300000 0.000000
7.800000 0.000000
7.400000 0.000000
13.00000 0.000000
3.100000 0.000000
2.400000 0.000000
3.000000 0.000000
2.200000 0.000000
2.500000 0.000000
2.600000 0.000000
2.100000 0.000000
0.000000 0.000000
3.200000 0.000000
0.5000000 0.000000
9.000000 0.000000
8.700000 0.000000
14.00000 0.000000
6.000000 0.000000
5.300000 0.000000
6.300000 0.000000
4.400000 0.000000
3.400000 0.000000
4.300000 0.000000
2.400000 0.000000
3.200000 0.000000
0.000000 0.000000
2.800000 0.000000
9.400000 0.000000
9.100000 0.000000
13.00000 0.000000
3.600000 0.000000
2.900000 0.000000
3.500000 0.000000
4.000000 0.000000
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6) 2.600000 0.000000
7) 2.900000 0.000000
8) 2.300000 0.000000
9) 0.5000000 0.000000
10) 2.800000 0.000000
11) 0.000000 0.000000
12) 8.900000 0.000000
13) 8.700000 0.000000
1) 18.00000 0.000000
2) 8.200000 0.000000
3) 7.100000 0.000000
4) 8.200000 0.000000
5) 7.200000 0.000000
6) 6.800000 0.000000
7) 6.900000 0.000000
8) 7.800000 0.000000
9) 9.000000 0.000000
10) 9.400000 0.000000
11) 8.900000 0.000000
12) 0.000000 0.000000
13) 0.2800000 0.000000
1) 15.00000 0.000000
2) 7.600000 0.000000
3) 6.900000 0.000000
4) 7.900000 0.000000
5) 6.900000 0.000000
6) 6.500000 0.000000
7) 6.200000 0.000000
8) 7.400000 0.000000
9) 8.700000 0.000000
10) 9.100000 0.000000
11) 8.700000 0.000000
12) 0.2800000 0.000000
13) 0.000000 0.000000
1) 0.000000 0.000000
2) 12.00000 0.000000
3) 13.50000 0.000000
4) 13.50000 0.000000
5) 14.70000 0.000000
6) 16.50000 0.000000
7) 16.50000 0.000000
8) 16.50000 0.000000
9) 19.50000 0.000000
10) 21.00000 0.000000
11) 19.50000 0.000000
12) 27.00000 0.000000
13) 22.50000 0.000000
1) 12.00000 0.000000
2) 0.000000 0.000000
3) 1.425000 0.000000
4) 2.550000 0.000000
5) 3.150000 0.000000
6) 19.50000 0.000000
7) 4.800000 0.000000
8) 6.450000 0.000000
9) 4.650000 0.000000
10) 9.000000 0.000000
11) 5.400000 0.000000
12) 12.30000 0.000000
13) 11.40000 0.000000
1) 13.50000 0.000000
2) 1.425000 0.000000
3) 0.000000 0.000000
4) 1.500000 0.000000
5) 2.100000 0.000000
6) 3.300000 0.000000
7) 3.750000 0.000000
8) 5.400000 0.000000
9) 3.600000 0.000000
10) 7.950000 0.000000
11) 4.350000 0.000000
12) 10.65000 0.000000
13) 10.35000 0.000000
1) 13.50000 0.000000
2) 2.550000 0.000000
3) 1.500000 0.000000
4) 0.000000 0.000000
5) 3.000000 0.000000
6) 4.800000 0.000000
7) 5.250000 0.000000
8) 6.900000 0.000000
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4.500000 0.000000
9.450000 0.000000
5.250000 0.000000
12.30000 0.000000
11.85000 0.000000
14.70000 0.000000
3.150000 0.000000
2.100000 0.000000
3.000000 0.000000
0.000000 0.000000
1.950000 0.000000
2.400000 0.000000
5.550000 0.000000
3.300000 0.000000
6.600000 0.000000
6.000000 0.000000
10.80000 0.000000
10.35000 0.000000
16.50000 0.000000
19.50000 0.000000
3.300000 0.000000
4.800000 0.000000
1.950000 0.000000
0.000000 0.000000
0.4200000 0.000000
2.250000 0.000000
3.750000 0.000000
5.100000 0.000000
3.900000 0.000000
10.20000 0.000000
9.750000 0.000000
16.50000 0.000000
4.800000 0.000000
3.750000 0.000000
5.250000 0.000000
2.400000 0.000000
0.4200000 0.000000
0.000000 0.000000
2.550000 0.000000
3.900000 0.000000
6.450000 0.000000
4.350000 0.000000
10.35000 0.000000
9.300000 0.000000
16.50000 0.000000
6.450000 0.000000
5.400000 0.000000
6.900000 0.000000
5.550000 0.000000
2.250000 0.000000
2.550000 0.000000
0.000000 0.000000
3.150000 0.000000
3.600000 0.000000
3.450000 0.000000
11.70000 0.000000
11.10000 0.000000
19.50000 0.000000
4.650000 0.000000
3.600000 0.000000
4.500000 0.000000
3.300000 0.000000
3.750000 0.000000
3.900000 0.000000
3.150000 0.000000
0.000000 0.000000
4.800000 0.000000
0.7500000 0.000000
13.50000 0.000000
13.05000 0.000000
21.00000 0.000000
9.000000 0.000000
7.950000 0.000000
9.450000 0.000000
6.600000 0.000000
5.100000 0.000000
6.450000 0.000000
3.600000 0.000000
4.800000 0.000000
0.000000 0.000000
4.200000 0.000000
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DUR( 10, 12) 14.10000

DUR( 10, 13) 13.65000

DUR( 11, 1) 19.50000

DUR( 11, 2) 5.400000

DUR( 11, 3) 4.350000

DUR( 11, 4) 5.250000

DUR( 11, 5) 6.000000

DUR( 11, 6) 3.900000

DUR( 11, 7) 4.350000

DUR( 11, 8) 3.450000

DUR( 11, 9) 0.7500000

DUR( 11, 10) 4.200000

DUR( 11, 11) 0.000000

DUR( 11, 12) 13.35000

DUR( 11, 13) 13.05000

DUR( 12, 1) 27.00000

DUR( 12, 2) 12.30000

DUR( 12, 3) 10.65000

DUR( 12, 4) 12.30000

DUR( 12, 5) 10.80000

DUR( 12, 6) 10.20000

DUR( 12, 7) 10.35000

DUR( 12, 8) 11.70000

DUR( 12, 9) 13.50000

DUR( 12, 10) 14.10000

DUR( 12, 11) 13.35000

DUR( 12, 12) 0.000000

DUR( 12, 13) 0.4200000

DUR( 13, 1) 22.50000

DUR( 13, 2) 11.40000

DUR( 13, 3) 10.35000

DUR( 13, 4) 11.85000

DUR( 13, 5) 10.35000

DUR( 13, 6) 9.750000

DUR( 13, 7) 9.300000

DUR( 13, 8) 11.10000

DUR( 13, 9) 13.05000

DUR( 13, 10) 13.65000

DUR( 13, 11) 13.05000

DUR( 13, 12) 0.4200000

DUR( 13, 13) 0.000000

D. Rute 4
Global optimal solution found.

Objective value: 37.80000

Objective bound: 37.80000

Infeasibilities: 0.000000

Extended solver steps: 0

Total solver iterations: 136

Elapsed runtime seconds: 0.09

Model Class: MILP
Total variables: 72
Nonlinear variables: 0
Integer variables: 64
Total constraints: 88
Nonlinear constraints: 0
Total nonzeros: 399
Nonlinear nonzeros: 0

Variable Value

R 0.1000000E+08

S( 1) 15.00000

S( 2) 15.00000

S( 3) 15.00000

S( 4) 15.00000

S( 5) 15.00000

S( 6) 15.00000

s 15.00000

S( 8) 15.00000

[eNeNoNoNeoNeNeoNeNoNeNoNoNo oo NoNe o k= E=-NeNoNeoNeNeoNeNeoNoNoNeNeoNeNeoNoNoNo oo NeNe N}

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

Reduced Cost

0.
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

[eNeNeNoNoNeoNo Nl

000000
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480.0000 0.000000
480.0000 0.000000
0.000000 0.000000
420.0000 0.000000
420.0000 0.000000
0.000000 0.000000
480.0000 0.000000
420.0000 0.000000
960.0000 0.000000
1320.000 0.000000
1440.000 0.000000
1020.000 0.000000
1020.000 0.000000
1440.000 0.000000
1200.000 0.000000
1020.000 0.000000
1459.500 0.000000
533.5500 0.000000
515.5500 0.000000
498.3000 0.000000
420.0000 0.000000
437.2500 0.000000
480.0000 0.000000
461.7000 0.000000
0.000000 0.000000
0.000000 13.00000
0.000000 13.00000
0.000000 16.00000
1.000000 13.00000
0.000000 13.00000
0.000000 15.00000
0.000000 14.00000
1.000000 13.00000
0.000000 0.000000
0.000000 2.000000
0.000000 3.200000
0.000000 7.500000
0.000000 6.100000
0.000000 5.600000
0.000000 4.700000
0.000000 13.00000
1.000000 2.000000
0.000000 0.000000
0.000000 1.500000
0.000000 5.500000
0.000000 4.100000
0.000000 3.600000
0.000000 2.700000
0.000000 16.00000
0.000000 3.200000
1.000000 1.500000
0.000000 0.000000
0.000000 6.200000
0.000000 4.200000
0.000000 2.200000
0.000000 3.100000
0.000000 13.00000
0.000000 7.500000
0.000000 5.500000
0.000000 6.200000
0.000000 0.000000
1.000000 1.500000
0.000000 3.900000
0.000000 3.900000
0.000000 13.00000
0.000000 6.100000
0.000000 4.100000
0.000000 4.200000
0.000000 1.500000
0.000000 0.000000
0.000000 2.200000
1.000000 2.400000
0.000000 15.00000
0.000000 5.600000
0.000000 3.600000
1.000000 2.200000
0.000000 3.900000
0.000000 2.200000
0.000000 0.000000
0.000000 2.200000
0.000000 14.00000
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0.000000 4.700000
0.000000 2.700000
0.000000 3.100000
0.000000 3.900000
0.000000 2.400000
1.000000 2.200000
0.000000 0.000000
0.000000 0.000000
13.00000 0.000000
13.00000 0.000000
16.00000 0.000000
13.00000 0.000000
13.00000 0.000000
15.00000 0.000000
14.00000 0.000000
13.00000 0.000000
0.000000 0.000000
2.000000 0.000000
3.200000 0.000000
7.500000 0.000000
6.100000 0.000000
5.600000 0.000000
4.700000 0.000000
13.00000 0.000000
2.000000 0.000000
0.000000 0.000000
1.500000 0.000000
5.500000 0.000000
4.100000 0.000000
3.600000 0.000000
2.700000 0.000000
16.00000 0.000000
3.200000 0.000000
1.500000 0.000000
0.000000 0.000000
6.200000 0.000000
4.200000 0.000000
2.200000 0.000000
3.100000 0.000000
13.00000 0.000000
7.500000 0.000000
5.500000 0.000000
6.200000 0.000000
0.000000 0.000000
1.500000 0.000000
3.900000 0.000000
3.900000 0.000000
13.00000 0.000000
6.100000 0.000000
4.100000 0.000000
4.200000 0.000000
1.500000 0.000000
0.000000 0.000000
2.200000 0.000000
2.400000 0.000000
15.00000 0.000000
5.600000 0.000000
3.600000 0.000000
2.200000 0.000000
3.900000 0.000000
2.200000 0.000000
0.000000 0.000000
2.200000 0.000000
14.00000 0.000000
4.700000 0.000000
2.700000 0.000000
3.100000 0.000000
3.900000 0.000000
2.400000 0.000000
2.200000 0.000000
0.000000 0.000000
0.000000 0.000000
19.50000 0.000000
19.50000 0.000000
24.00000 0.000000
19.50000 0.000000
19.50000 0.000000
22.50000 0.000000
21.00000 0.000000
19.50000 0.000000
0.000000 0.000000
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E. Rute 5

Global optimal solution
Objective value:
Objective bound:
Infeasibilities:
Extended solver steps:

Total solver iterations:
Elapsed runtime seconds:

Model Class:

Total variables:
Nonlinear variables:
Integer variables:

Total constraints:
Nonlinear constraints:

Total nonzeros:
Nonlinear nonzeros:

W COWOWOWOMWOWO®W=-JJJJdJJJJJOOoO OO ULUulUrul Orlul Ords B B DB B DWWWWwWwwwwhhNhNDNDNDN

VIO WNFEFOJOAUAWNROJOU DR WNRF OJOUDR WNRE ®OJOU® WNRF I U D WNF0-Jo U bd w

found.

110

100

130

639

3.000000
4.800000
11.25000
9.150000
8.400000
7.050000
19.50000
3.000000
.000000
.250000
.250000
.150000
.400000
.050000
4.00000
.800000
.250000
.000000
.300000
.300000
.300000
.650000
19.50000
11.25000
8.250000
.300000
.000000
.250000
.850000
.850000
9.50000
.150000
.150000
.300000
.250000
.000000
.300000
.600000
2.50000
.400000
.400000
.300000
.850000
.300000
.000000
.300000
1.00000
.050000
.050000
.650000
.850000
.600000
.300000
.000000

B WoOONBRNDUO®NO

CWWU BB JINWOWUWUONWWONOOGWLWR U UNO W

48.15000
48.15000
0.000000
1151
9191
1.97

MILP

[sNeoNeoNeoNeNeoNeNeoNoNeoNoNoNoNeoNoNoNoNoNeNeoNeNoNoNeoNeNeNoNoNoNoNoNeNoNoNoNeoloNeNoNoNoNoNoNoNoNRoNoNoNo o NoNoNo Nl

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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Variable Value Reduced Cost

R 0.1000000E+08 0.000000

S( 1) 15.00000 0.000000

S( 2) 15.00000 0.000000

S( 3) 15.00000 0.000000

S( 4) 15.00000 0.000000

S( 5) 15.00000 0.000000

S( 6) 15.00000 0.000000

S( 7) 15.00000 0.000000

S( 8) 15.00000 0.000000

S( 9) 15.00000 0.000000

S( 10) 15.00000 0.000000
A( 1) 480.0000 0.000000
A( 2) 480.0000 0.000000
A( 3) 480.0000 0.000000
A( 4) 480.0000 0.000000
A( 5) 420.0000 0.000000
A( 6) 420.0000 0.000000
A(T7) 480.0000 0.000000
A( 8) 0.000000 0.000000
A(9) 420.0000 0.000000
A( 10) 600.0000 0.000000
B( 1) 960.0000 0.000000
B( 2) 960.0000 0.000000
B( 3) 960.0000 0.000000
B( 4) 1200.000 0.000000
B( 5) 1020.000 0.000000
B( 6) 1020.000 0.000000
B( 7) 960.0000 0.000000
B( 8) 1440.000 0.000000
B( 9) 1260.000 0.000000
B( 10) 1320.000 0.000000
M( 1) 1370.400 0.000000
M( 2) 480.0000 0.000000
M( 3) 559.2000 0.000000
M( 4) 575.8500 0.000000
M( 5) 689.9250 0.000000
M( 6) 667.1250 0.000000
M( 7) 649.5750 0.000000
M( 8) 632.6250 0.000000
M( 9) 616.2750 0.000000
M( 10) 600.0000 0.000000
X(1, 1) 0.000000 0.000000
X(1, 2) 1.000000 14.00000
X( 1, 3) 0.000000 17.00000
X( 1, 4) 0.000000 16.00000
X( 1, 5) 0.000000 15.00000
X( 1, 6) 0.000000 20.00000
X(1, 7 0.000000 19.00000
X( 1, 8) 0.000000 22.00000
X (3, 9) 0.000000 21.00000
(1, 10) 0.000000 21.00000
X( 2, 1) 0.000000 14.00000
X(2, 2) 0.000000 0.000000
X( 2, 3) 1.000000 2.000000
X( 2, 4) 0.000000 2.500000
X(Rf5) 0.000000 2.400000
X( 2, 6) 0.000000 5.000000
X(2, 7 0.000000 6.500000
X( 2, 8) 0.000000 7.300000
X( 2, 9) 0.000000 7.800000
(2, 10) 0.000000 8.100000
X( 3, 1) 0.000000 17.00000
X( 3, 2) 0.000000 2.000000
X( 3, 3) 0.000000 0.000000
X( 3, 4) 1.000000 1.100000
X( 3, 5) 0.000000 2.200000
X( 3, 6) 0.000000 4.300000
X( 3, 7) 0.000000 5.900000
X( 3, 8) 0.000000 6.700000
X( 3, 9) 0.000000 6.900000
(3, 10) 0.000000 7.200000
X( 4, 1) 0.000000 16.00000
X( 4, 2) 0.000000 2.500000
X( 4, 3) 0.000000 1.100000
X( 4, 4) 0.000000 0.000000
X( 4, 5) 0.000000 2.500000
X( 4, 6) 0.000000 4.300000
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.000000 6.300000
.000000 4.700000
.000000 7.000000
.000000 6.100000
.000000 15.00000
.000000 2.400000
.000000 2.200000
.000000 2.500000
.000000 0.000000
.000000 5.200000
.000000 6.800000
.000000 6.600000
.000000 8.700000
.000000 9.000000
.000000 20.00000
.000000 5.000000
.000000 4.300000
.000000 4.300000
.000000 5.200000
.000000 0.000000
.000000 1.700000
.000000 2.900000
.000000 4.200000
.000000 4.500000
.000000 19.00000
.000000 6.500000
.000000 5.900000
.000000 6.300000
.000000 6.800000
.000000 1.700000
.000000 0.000000
.000000 1.300000
.000000 3.900000
.000000 4.200000
.000000 22.00000
.000000 7.300000
.000000 6.700000
.000000 4.700000
.000000 6.600000
.000000 2.900000
.000000 1.300000
.000000 0.000000
.000000 0.9000000
.000000 1.600000
.000000 21.00000
.000000 7.800000
.000000 6.900000
.000000 7.000000
.000000 8.700000
.000000 4.200000
.000000 3.900000
.000000 0.9000000
.000000 0.000000
.000000 0.8500000
.000000 21.00000
.000000 8.100000
.000000 7.200000
.000000 6.100000
.000000 9.000000
.000000 4.500000
.000000 4.200000
.000000 1.600000
.000000 0.8500000
.000000 0.000000
.000000 0.000000
.00000 0.000000
.00000 0.000000
.00000 0.000000
.00000 0.000000
.00000 0.000000
.00000 0.000000
.00000 0.000000
.00000 0.000000
.00000 0.000000
.00000 0.000000
.000000 0.000000
.000000 0.000000
.500000 0.000000
.400000 0.000000
.000000 0.000000
.500000 0.000000

124



NN

o
N

Wwwwwwwww-s

-

o
w

N A N N

=

w]
IS
(S22 RNC, RNC, RNC R C, R C R E G )

=

o
wl

AN O OO O Y OY O

[

o
[
EUEESEES BRSNS EES IR S BES Y

=

w)
~

Q 00 0O 0 O O O W ®~

-

w]

[eS)

O VWY WYLV~

-
O JONU B WNRFRPOWOWOJOUBRWNRFRFOWOWO-JAOAUBRWNRL,OWOWO-JOAUBRWNRFRFOWOW®OJIOAUAWNROWOW-JAUBRWNRE OWOWW-JAU D WNREOWOW®JU®WNR O W®

~—__- - - - ~~UU0UU0UyuyyuUuyUuU~UyuyUuUUgyUyUyYUuU~0U0UyUy0uUUUUU~0U000U0UU0UUU0UU~0000U0U0U0U0UU0U~00000U0000U~00000000UU~UOUO

[slviivivavivlvielv)

7.300000 0.000000
7.800000 0.000000
8.100000 0.000000
17.00000 0.000000
2.000000 0.000000
0.000000 0.000000
1.100000 0.000000
2.200000 0.000000
4.300000 0.000000
5.900000 0.000000
6.700000 0.000000
6.900000 0.000000
7.200000 0.000000
16.00000 0.000000
2.500000 0.000000
1.100000 0.000000
0.000000 0.000000
2.500000 0.000000
4.300000 0.000000
6.300000 0.000000
4.700000 0.000000
7.000000 0.000000
6.100000 0.000000
15.00000 0.000000
2.400000 0.000000
2.200000 0.000000
2.500000 0.000000
0.000000 0.000000
5.200000 0.000000
6.800000 0.000000
6.600000 0.000000
8.700000 0.000000
9.000000 0.000000
20.00000 0.000000
5.000000 0.000000
4.300000 0.000000
4.300000 0.000000
5.200000 0.000000
0.000000 0.000000
1.700000 0.000000
2.900000 0.000000
4.200000 0.000000
4.500000 0.000000
19.00000 0.000000
6.500000 0.000000
5.900000 0.000000
6.300000 0.000000
6.800000 0.000000
1.700000 0.000000
0.000000 0.000000
1.300000 0.000000
3.900000 0.000000
4.200000 0.000000
22.00000 0.000000
7.300000 0.000000
6.700000 0.000000
4.700000 0.000000
6.600000 0.000000
2.900000 0.000000
1.300000 0.000000
0.000000 0.000000
0.9000000 0.000000
1.600000 0.000000
21.00000 0.000000
7.800000 0.000000
6.900000 0.000000
7.000000 0.000000
8.700000 0.000000
4.200000 0.000000
3.900000 0.000000
0.9000000 0.000000
0.000000 0.000000
0.8500000 0.000000
21.00000 0.000000
8.100000 0.000000
7.200000 0.000000
6.100000 0.000000
9.000000 0.000000
4.500000 0.000000
4.200000 0.000000
1.600000 0.000000
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D( 10,
D( 10, 1

el e e e e

DUR( 1, 1

DN NDNNN NS

DUR( 2, 1

wWwwwwwwww
=

[ N N
@ J oUW N

]

[S20NC, INC, NG, I G G R G G R I ]
=

OV OY OYOY OY OY O OY OV~
@ oUW N

o

DUR( 6

—

O W T U™ WNF O WO U W

PRSI IES I S N S e

DUR( 7, 1

@ o

@ 0 M 0 0

0.8500000
0.000000
0.000000
21.00000
25.50000
24.00000
22.50000
30.00000
28.50000
33.00000
31.50000
31.50000
21.00000
0.000000
3.000000
3.750000
3.600000
7.500000

[eNeNeoNoNeoNoNoNoNoReRoNoNoNeoNo EeNeN oo NN NoNoNeo NN NeReoNoNoNeoNeNeNoNe e No o NeNoNoNoNoloNeNo oo NN N oo Ne oo Ne e NeNeNo oo NeNeNeo oo NoloNeoNeo oo NoNoNoNo No Nl o N ol

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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10, 7)
10, 8)
10, 9)
DUR( 10, 10)

F. Rute 6

Global optimal solution found.
Objective value:

Objective bound:
Infeasibilities:

Extended solver steps:

Total solver iterations:
Elapsed runtime seconds:

Model Class:

Total variables: 56
Nonlinear variables: 0
Integer variables: 49
Total constraints: 70
Nonlinear constraints: 0
Total nonzeros: 300
Nonlinear nonzeros: 0

Variable

ERREREERU VDT T TITOEEEIEEIONONNNNN
~No U WNERE o WNE OO WNE J00 b WN
Sl ol I Sl T2l oo Tl L oEy

2.

6.
5.
1.
0.
1.
31
12
10
9.
13
6.

o R N o

46
46
0.

0.1000000E+08

16
48
54
0.
42
36
42

400000
.50000
.70000
.35000
.50000
.05000
300000
850000
350000
000000
275000
.50000
.15000
.80000
150000
.50000
750000

.300000
.400000
.275000
.000000

.00000
.00000
000000
0

303
0.09

MILP

Value

.00000
.00000
.00000
.00000
.00000
.00000
.00000
0.0000
0.0000
000000
0.0000
0.0000
0.0000

[eNeNoNoNoNoNoNeoNoEeNeoNe oo e Ne e NN Ne Na}

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

Reduced Cost

Gg
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

[eNeNeNoReoNoNeoNeNeNeoNeoNeoNeoNeNeNeoNeoNeNeo o N E=NeNeo NeNo Nl o}

000000
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.000000 0.000000

0
1.000000 16.00000
0.000000 19.00000
0.000000 20.00000
0.000000 23.00000
0.000000 20.00000
0.000000 16.00000
0.000000 16.00000
0.000000 0.000000
1.000000 2.400000
0.000000 4.300000
0.000000 6.500000
0.000000 7.700000
0.000000 2.600000
0.000000 19.00000
0.000000 2.400000
0.000000 0.000000
1.000000 1.400000
0.000000 5.700000
0.000000 7.900000
0.000000 3.900000
0.000000 20.00000
0.000000 4.300000
0.000000 1.400000
0.000000 0.000000
1.000000 4.800000
0.000000 6.300000
0.000000 5.300000
0.000000 23.00000
0.000000 6.500000
0.000000 5.700000
0.000000 4.800000
0.000000 0.000000
1.000000 2.700000
0.000000 5.600000
0.000000 20.00000
0.000000 7.700000
0.000000 7.900000
0.000000 6.300000
0.000000 2.700000
0.000000 0.000000
1.000000 2.700000
1.000000 16.00000
0.000000 2.600000
0.000000 3.900000
0.000000 5.300000
0.000000 5.600000
0.000000 2.700000
0.000000 0.000000
000000 0.000000
00000 0.000000
00000 0.000000
00000 0.000000
00000 0.000000
00000 0.000000
00000 0.000000
00000 0.000000
000000 0.000000
400000 0.000000
300000 0.000000
500000 0.000000
700000 0.000000
600000 0.000000
9.00000 0.000000
400000 0.000000
000000 0.000000
400000 0.000000
700000 0.000000
900000 0.000000
900000 0.000000
0.00000 0.000000
300000 0.000000
400000 0.000000
000000 0.000000
800000 0.000000
300000 0.000000
300000 0.000000
23.00000 0.000000
6.500000 0.000000
5.700000 0.000000
4.800000 0.000000
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D( 5, 5) 0.000000
D( 5, 6) 2.700000
D( 5, 7) 5.600000
D( 6, 1) 20.00000
D( 6, 2) 7.700000
D( 6, 3) 7.900000
D( 6, 4) 6.300000
D( 6, 5) 2.700000
D( 6, 6) 0.000000
D( 6, 7) 2.700000
D( 7, 1) 16.00000
D( 7, 2) 2.600000
D( 7, 3) 3.900000
D( 7, 4) 5.300000
D( 7, 5) 5.600000
D( 7, 6) 2.700000
D( 7, 7) 0.000000
DUR( 1, 1) 0.000000
DUR( 1, 2) 24.00000
DUR( 1, 3) 28.50000
DUR( 1, 4) 30.00000
DUR( 1, 5) 34.50000
DUR( 1, 6) 30.00000
DUR( 1, 7) 24.00000
DUR( 2, 1) 24.00000
DUR( 2, 2) 0.000000
DUR( 2, 3) 3.600000
DUR( 2, 4) 6.450000
DUR( 2, 5) 9.750000
DUR( 2, 6) 11.55000
DUR( 2, 7) 3.900000
DUR( 3, 1) 28.50000
DUR( 3, 2) 3.600000
DUR( 3, 3) 0.000000
DUR( 3, 4) 2.100000
DUR( 3, 5) 8.550000
DUR( 3, 6) 11.85000
DUR( 3, 7) 5.850000
DUR( 4, 1) 30.00000
DUR( 4, 2) 6.450000
DUR( 4, 3) 2.100000
DUR( 4, 4) 0.000000
DUR( 4, 5) 7.200000
DUR( 4, 6) 9.450000
DUR( 4, 7) 7.950000
DUR( 5, 1) 34.50000
DUR( 5, 2) 9.750000
DUR( 5, 3) 8.550000
DUR( 5, 4) 7.200000
DUR( 5, 5) 0.000000
DUR( 5, 6) 4.050000
DUR( 5, 7) 8.400000
DUR( 6, 1) 30.00000
DUR( 6, 2) 11.55000
DUR( 6, 3) 11.85000
DUR( 6, 4) 9.450000
DUR( 6, 5) 4.050000
DUR( 6, 6) 0.000000
DUR( 6, 7) 4.050000
DUR( 7, 1) 24.00000
DUR( 7, 2) 3.900000
DUR( 7, 3) 5.850000
DUR( 7, 4) 7.950000
DUR( 7, 5) 8.400000
DUR( 7, 6) 4.050000
DUR( 7, 7) 0.000000
2. Pengiriman Air Murni Cleo Karton
A.Rute 1
Global optimal solution found.
Objective value: 20.00000
Objective bound: 20.00000
Infeasibilities: 0.000000
Extended solver steps: 232

[eNeNoNoNoNeNoNeNoNeReNoNeNoNeoNeoNoNo o N Ne N ReNeoNoNo NoNoNeoNoNoNoNeNoNeoNeo oo NN NoNoNeoNoNe NN oo Ne oo NoNeoNoNo NoNoNeoNoNoNe oo N e Ne No}

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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Total solver iterations: 4012

Elapsed runtime seconds: 0.47
Model Class: MILP

Total variables: 72
Nonlinear variables: 0
Integer variables: 64
Total constraints: 88
Nonlinear constraints: 0
Total nonzeros: 399
Nonlinear nonzeros: 0

Variable Value Reduced Cost

R 0.1000000E+08 0.000000

S( 1) 15.00000 0.000000

SIHP2 ) 15.00000 0.000000

S( 3) 15.00000 0.000000

S( 4) 15.00000 0.000000

S( 5) 15.00000 0.000000

S( 6) 15.00000 0.000000

S( 7) 15.00000 0.000000

S( 8) 15.00000 0.000000

A( 1) 480.0000 0.000000

A( 2) 540.0000 0.000000

A( 3) 480.0000 0.000000

A( 4) 438.0000 0.000000

A( 5) 420.0000 0.000000

A( 6) 480.0000 0.000000

A(7) 480.0000 0.000000

A( 8) 360.0000 0.000000

B( 1) 960.0000 0.000000

B( 2) 1320.000 0.000000

B( 3) 1020.000 0.000000

B( 4) 1227.000 0.000000

B( 5) 1020.000 0.000000

B( 6) 1260.000 0.000000

B( 7) 1020.000 0.000000

B( 8) 1260.000 0.000000

M( 1) 1291.950 0.000000

M( 2) 577.5000 0.000000

M( 3) 560.2500 0.000000

M( 4) 511.5000 0.000000

M( 5) 495.1500 0.000000

M( 6) 480.0000 0.000000

M( 7) 528.1500 0.000000

M( 8) 544.1250 0.000000

X(1, 1) 0.000000 0.000000

X(1, 2) 0.000000 6.900000

AW YK 0.000000 8.000000

X( 1, 4) 0.000000 8.600000

X( 1, 5) 0.000000 8.100000

X( 1, 6) 1.000000 8.100000

X( 1, 7) 0.000000 9.000000

X( 1, 8) 0.000000 8.200000

X(2, 1) 1.000000 6.900000

X(2, 2) 0.000000 0.000000

X( 2, 3) 0.000000 1.500000

X( 2, 4) 0.000000 3.200000

X( 2, 5) 0.000000 2.200000

X( 2, 6) 0.000000 2.200000

X(2, 7 0.000000 2.400000

X( 2, 8) 0.000000 4.400000

X( 3, 1) 0.000000 8.000000

X( 3, 2) 1.000000 1.500000

X( 3, 3) 0.000000 0.000000

X( 3, 4) 0.000000 0.5000000

X( 3, 5) 0.000000 1.400000

X( 3, 6) 0.000000 1.400000

X( 3, 7) 0.000000 0.9500000

X( 3, 8) 0.000000 0.7500000

X( 4, 1) 0.000000 8.600000

X( 4, 2) 0.000000 3.200000

X( 4, 3) 0.000000 0.5000000

X( 4, 4) 0.000000 0.000000

X( 4, 5) 0.000000 0.9000000

X( 4, 6) 0.000000 0.9500000
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1.000000 1.100000
0.000000 1.300000
0.000000 8.100000
0.000000 2.200000
0.000000 1.400000
1.000000 0.9000000
0.000000 0.000000
0.000000 0.1000000
0.000000 2.000000
0.000000 2.200000
0.000000 8.100000
0.000000 2.200000
0.000000 1.400000
0.000000 0.9500000
1.000000 0.1000000
0.000000 0.000000
0.000000 2.000000
0.000000 2.200000
0.000000 9.000000
0.000000 2.400000
0.000000 0.9500000
0.000000 1.100000
0.000000 2.000000
0.000000 2.000000
0.000000 0.000000
1.000000 0.6500000
0.000000 8.200000
0.000000 4.400000
1.000000 0.7500000
0.000000 1.300000
0.000000 2.200000
0.000000 2.200000
0.000000 0.6500000
0.000000 0.000000
0.000000 0.000000
6.900000 0.000000
8.000000 0.000000
8.600000 0.000000
8.100000 0.000000
8.100000 0.000000
9.000000 0.000000
8.200000 0.000000
6.900000 0.000000
0.000000 0.000000
1.500000 0.000000
3.200000 0.000000
2.200000 0.000000
2.200000 0.000000
2.400000 0.000000
4.400000 0.000000
8.000000 0.000000
1.500000 0.000000
0.000000 0.000000
0.5000000 0.000000
1.400000 0.000000
1.400000 0.000000
0.9500000 0.000000
0.7500000 0.000000
8.600000 0.000000
3.200000 0.000000
0.5000000 0.000000
0.000000 0.000000
0.9000000 0.000000
0.9500000 0.000000
1.100000 0.000000
1.300000 0.000000
8.100000 0.000000
2.200000 0.000000
1.400000 0.000000
0.9000000 0.000000
0.000000 0.000000
0.1000000 0.000000
2.000000 0.000000
2.200000 0.000000
8.100000 0.000000
2.200000 0.000000
1.400000 0.000000
0.9500000 0.000000
0.1000000 0.000000
0.000000 0.000000
2.000000 0.000000

131



W0 WOMWO®WMOWOWOW-TSJJJIJIJIJIIJJoOooOoOOOO OO U UG U OOl Ol BB DB D DBDWWWWWWWWNDNNDNNNNNNMNNRERRFERFERFERFRFRF 00O0WWOWDODWOMWODO®On-Jd-dJddddddo0

W JOU B WNRPOJOUBRWNRLOJOAUBRWNFEOJOUB WNRE O JOUSWNROJOAU®WNROJOHAURWNRE OJOUD WNRE ®-J00 S WNERW-J0 U D WN - o

2.200000 0.000000
9.000000 0.000000
2.400000 0.000000
0.9500000 0.000000
1.100000 0.000000
2.000000 0.000000
2.000000 0.000000
0.000000 0.000000
0.6500000 0.000000
8.200000 0.000000
4.400000 0.000000
0.7500000 0.000000
1.300000 0.000000
2.200000 0.000000
2.200000 0.000000
0.6500000 0.000000
0.000000 0.000000
0.000000 0.000000
10.35000 0.000000
12.00000 0.000000
12.90000 0.000000
12.15000 0.000000
12.15000 0.000000
13.50000 0.000000
12.30000 0.000000
10.35000 0.000000
0.000000 0.000000
2.250000 0.000000
4.800000 0.000000
3.300000 0.000000
3.300000 0.000000
3.600000 0.000000
6.600000 0.000000
12.00000 0.000000
2.250000 0.000000
0.000000 0.000000
0.7500000 0.000000
2.100000 0.000000
2.100000 0.000000
1.425000 0.000000
1.125000 0.000000
12.90000 0.000000
4.800000 0.000000
0.7500000 0.000000
0.000000 0.000000
1.350000 0.000000
1.425000 0.000000
1.650000 0.000000
1.950000 0.000000
12.15000 0.000000
3.300000 0.000000
2.100000 0.000000
1.350000 0.000000
0.000000 0.000000
0.1500000 0.000000
3.000000 0.000000
3.300000 0.000000
12.15000 0.000000
3.300000 0.000000
2.100000 0.000000
1.425000 0.000000
0.1500000 0.000000
0.000000 0.000000
3.000000 0.000000
3.300000 0.000000
13.50000 0.000000
3.600000 0.000000
1.425000 0.000000
1.650000 0.000000
3.000000 0.000000
3.000000 0.000000
0.000000 0.000000
0.9750000 0.000000
12.30000 0.000000
6.600000 0.000000
1.125000 0.000000
1.950000 0.000000
3.300000 0.000000
3.300000 0.000000
0.9750000 0.000000
0.000000 0.000000
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B. Rute 2

Global optimal solution found.

Objective value: 32.70000
Objective bound: 32.70000
Infeasibilities: 0.000000
Extended solver steps: 154
Total solver iterations: 1251
Elapsed runtime seconds: 0.26

Model Class: MILP

Total variables: 56
Nonlinear variables: 0
Integer variables: 49

Total constraints: 70
Nonlinear constraints: 0

Total nonzeros: 300
Nonlinear nonzeros: 0

Variable Value
0.1000000E+08
15.00000
15.00000
15.00000
15.00000
15.00000
15.00000
15.00000
480.0000
480.0000
600.0000
420.0000
420.0000
540.0000
480.0000
960.0000
960.0000
1020.000
1320.000
1020.000
1020.000
1380.000
1355.250
616.2000
600.0000
420.0000
.3000
540.0000
558.4500
0.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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Reduced Cost

0.
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.300000
.800000
9.

NEN NeNeoNeoNoNoNoNoNeo RNl NoNoNoNoNoNeNoNoNo oo NeReoNeo ool

000000

100000

12.00000
12.00000
11.00000

7.
0.

300000
000000

0.8000000

8.

600000

11.00000
11.00000
10.00000

7.

800000

0.8000000

0.
8.

000000
500000

11.00000
11.00000
10.00000

9.
8.600000
8.500000
0.

2.200000

100000

000000
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0.000000 2.900000
0.000000 2.500000
0.000000 12.00000
0.000000 11.00000
0.000000 11.00000
0.000000 2.200000
0.000000 0.000000
1.000000 1.000000
0.000000 1.900000
0.000000 12.00000
0.000000 11.00000
0.000000 11.00000
0.000000 2.900000
0.000000 1.000000
0.000000 0.000000
1.000000 2.300000
0.000000 11.00000
0.000000 10.00000
1.000000 10.00000
0.000000 2.500000
0.000000 1.900000
0.000000 2.300000
0.000000 0.000000
0.000000 0.000000
7.300000 0.000000
7.800000 0.000000
9.100000 0.000000
12.00000 0.000000
12.00000 0.000000
11.00000 0.000000
7.300000 0.000000
0.000000 0.000000
0.8000000 0.000000
8.600000 0.000000
11.00000 0.000000
11.00000 0.000000
10.00000 0.000000
7.800000 0.000000
0.8000000 0.000000
0.000000 0.000000
8.500000 0.000000
11.00000 0.000000
11.00000 0.000000
10.00000 0.000000
9.100000 0.000000
8.600000 0.000000
8.500000 0.000000
0.000000 0.000000
2.200000 0.000000
2.900000 0.000000
2.500000 0.000000
12.00000 0.000000
11.00000 0.000000
11.00000 0.000000
2.200000 0.000000
0.000000 0.000000
1.000000 0.000000
1.900000 0.000000
12.00000 0.000000
11.00000 0.000000
11.00000 0.000000
2.900000 0.000000
1.000000 0.000000
0.000000 0.000000
2.300000 0.000000
11.00000 0.000000
10.00000 0.000000
10.00000 0.000000
2.500000 0.000000
1.900000 0.000000
2.300000 0.000000
0.000000 0.000000
0.000000 0.000000
10.95000 0.000000
11.70000 0.000000
13.65000 0.000000
18.00000 0.000000
18.00000 0.000000
16.50000 0.000000
10.95000 0.000000
0.000000 0.000000
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DUR( 2, 3) 1.200000 0.000000
DUR( 2, 4) 12.90000 0.000000
DUR( 2, 5) 16.50000 0.000000
DUR( 2, 6) 16.50000 0.000000
DUR( 2, 7) 15.00000 0.000000
DUR( 3, 1) 11.70000 0.000000
DUR( 3, 2) 1.200000 0.000000
DUR( 3, 3) 0.000000 0.000000
DUR( 3, 4) 12.75000 0.000000
DUR( 3, 5) 16.50000 0.000000
DUR( 3, 6) 16.50000 0.000000
DUR( 3, 7) 15.00000 0.000000
DUR( 4, 1) 13.65000 0.000000
DUR( 4, 2) 12.90000 0.000000
DUR( 4, 3) 12.75000 0.000000
DUR( 4, 4) 0.000000 0.000000
DUR( 4, 5) 3.300000 0.000000
DUR( 4, 6) 4.350000 0.000000
DUR( 4, 7) 3.750000 0.000000
DUR( 5, 1) 18.00000 0.000000
DUR( 5, 2) 16.50000 0.000000
DUR( 5, 3) 16.50000 0.000000
DUR( 5, 4) 3.300000 0.000000
DUR( 5, 5) 0.000000 0.000000
DUR( 5, 6) 1.500000 0.000000
DUR( 5, 7) 2.850000 0.000000
DUR( 6, 1) 18.00000 0.000000
DUR( 6, 2) 16.50000 0.000000
DUR( 6, 3) 16.50000 0.000000
DUR( 6, 4) 4.350000 0.000000
DUR( 6, 5) 1.500000 0.000000
DUR( 6, 6) 0.000000 0.000000
DUR( 6, 7) 3.450000 0.000000
DUR( 7, 1) 16.50000 0.000000
DUR( 7, 2) 15.00000 0.000000
DUR( 7, 3) 15.00000 0.000000
DUR( 7, 4) 3.750000 0.000000
DUR( 7, 5) 2.850000 0.000000
DUR( 7, 6) 3.450000 0.000000
DUR( 7, 7) 0.000000 0.000000
C. Rute 3
Global optimal solution found.
Objective value: 62.10000
Objective bound: 62.10000
Infeasibilities: 0.000000
Extended solver steps: 109
Total solver iterations: 1907
Elapsed runtime seconds: 0.66
Model Class: MILP
Total variables: 110
Nonlinear variables: 0
Integer variables: 100
Total constraints: 130
Nonlinear constraints: 0
Total nonzeros: 639
Nonlinear nonzeros: 0
Variable Value Reduced Cost
R 0.1000000E+08 0.000000
S( 1) 15.00000 0.000000
S( 2) 15.00000 0.000000
S( 3) 15.00000 0.000000
S( 4) 15.00000 0.000000
S( 5) 15.00000 0.000000
S( 6) 15.00000 0.000000
S(7) 15.00000 0.000000
S( 8) 15.00000 0.000000
S( 9) 15.00000 0.000000
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15.00000 0.000000
480.0000 0.000000
480.0000 0.000000
318.0000 0.000000
480.0000 0.000000
318.0000 0.000000
420.0000 0.000000
480.0000 0.000000
420.0000 0.000000
480.0000 0.000000
480.0000 0.000000
960.0000 0.000000
1020.000 0.000000
1380.000 0.000000
960.0000 0.000000
1200.000 0.000000
1020.000 0.000000
1260.000 0.000000
1260.000 0.000000
1020.000 0.000000
960.0000 0.000000
1308.750 0.000000
823.3500 0.000000
1025.250 0.000000
945.0000 0.000000
922.9500 0.000000
849.6000 0.000000
897.1500 0.000000
873.6000 0.000000
480.0000 0.000000
498.9000 0.000000
0.000000 0.000000
0.000000 9.200000
0.000000 9.500000
0.000000 11.00000
0.000000 15.00000
0.000000 17.00000
0.000000 20.00000
0.000000 21.00000
1.000000 9.400000
0.000000 13.00000
0.000000 9.200000
0.000000 0.000000
0.000000 3.500000
0.000000 4.700000
0.000000 9.100000
1.000000 7.500000
0.000000 13.00000
0.000000 12.00000
0.000000 4.800000
0.000000 8.100000
1.000000 9.500000
0.000000 3.500000
0.000000 0.000000
0.000000 1.400000
0.000000 6.100000
0.000000 7.900000
0.000000 13.00000
0.000000 12.00000
0.000000 8.300000
0.000000 12.00000
0.000000 11.00000
0.000000 4.700000
1.000000 1.400000
0.000000 0.000000
0.000000 4.700000
0.000000 6.800000
0.000000 12.00000
0.000000 11.00000
0.000000 9.500000
0.000000 13.00000
0.000000 15.00000
0.000000 9.100000
0.000000 6.100000
1.000000 4.700000
0.000000 0.000000
0.000000 16.00000
0.000000 7.200000
0.000000 5.900000
0.000000 14.00000
0.000000 17.00000
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0.000000 17.00000
0.000000 7.500000
0.000000 7.900000
0.000000 6.800000
0.000000 16.00000
0.000000 0.000000
0.000000 8.400000
1.000000 6.000000
0.000000 12.00000
0.000000 14.00000
0.000000 20.00000
0.000000 13.00000
0.000000 13.00000
0.000000 12.00000
1.000000 7.200000
0.000000 8.400000
0.000000 0.000000
0.000000 5.700000
0.000000 18.00000
0.000000 21.00000
0.000000 21.00000
0.000000 12.00000
0.000000 12.00000
0.000000 11.00000
0.000000 5.900000
0.000000 6.000000
1.000000 5.700000
0.000000 0.000000
0.000000 16.00000
0.000000 21.00000
0.000000 9.400000
0.000000 4.800000
0.000000 8.300000
0.000000 9.500000
0.000000 14.00000
0.000000 12.00000
0.000000 18.00000
0.000000 16.00000
0.000000 0.000000
1.000000 2.600000
0.000000 13.00000
1.000000 8.100000
0.000000 12.00000
0.000000 13.00000
0.000000 17.00000
0.000000 14.00000
0.000000 21.00000
0.000000 21.00000
0.000000 2.600000
0.000000 0.000000
0.000000 0.000000
9.200000 0.000000
9.500000 0.000000
11.00000 0.000000
15.00000 0.000000
17.00000 0.000000
20.00000 0.000000
21.00000 0.000000
9.400000 0.000000
13.00000 0.000000
9.200000 0.000000
0.000000 0.000000
3.500000 0.000000
4.700000 0.000000
9.100000 0.000000
7.500000 0.000000
13.00000 0.000000
12.00000 0.000000
4.800000 0.000000
8.100000 0.000000
9.500000 0.000000
3.500000 0.000000
0.000000 0.000000
1.400000 0.000000
6.100000 0.000000
7.900000 0.000000
13.00000 0.000000
12.00000 0.000000
8.300000 0.000000
12.00000 0.000000
11.00000 0.000000
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4.700000
1.400000
0.000000
4.700000
6.800000
12.00000
11.00000
9.500000
13.00000
15.00000
9.100000
6.100000
4.700000
0.000000
16.00000
7.200000
5.900000
14.00000
17.00000
17.00000
7.500000
7.900000
6.800000
16.00000
0.000000
8.400000
6.000000
12.00000
14.00000
20.00000
13.00000
13.00000
12.00000
7.200000
8.400000
0.000000
5.700000
18.00000
21.00000
21.00000
12.00000
12.00000
11.00000
5.900000
6.000000
5.700000
0.000000
16.00000
21.00000
9.400000
4.800000
8.300000
9.500000
14.00000
12.00000
18.00000
16.00000
0.000000
2.600000
13.00000
8.100000
12.00000
13.00000
17.00000
14.00000
21.00000
21.00000
2.600000
0.000000
0.000000
13.80000
14.25000
16.50000
22.50000
25.50000
30.00000
31.50000
14.10000
19.50000
13.80000
0.000000

[eNeNeoNeoNeoNeNoNeoNoNeReNolcNeNoNeoNoNeoNoNeoNeNeoNoNeNeloNeReoNoNoNeNeNeNoNe oo o NeNoNoNoNoloNeNo oo NeNeo oo Ne oo NeoloNeNeoNoNoNoNeNeNe oo No o NN NoNo NoNoNoNo No Nl o N ol

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

138



2, 3) 5.250000 0.000000
2, 4) 7.050000 0.000000
2, 5) 13.65000 0.000000
2, 6) 11.25000 0.000000
2, 7) 19.50000 0.000000
2, 8) 18.00000 0.000000
2, 9) 7.200000 0.000000
2, 10) 12.15000 0.000000
3, 1) 14.25000 0.000000
3, 2) 5.250000 0.000000
3, 3) 0.000000 0.000000
3, 4) 2.100000 0.000000
3, 5) 9.150000 0.000000
3, 6) 11.85000 0.000000
3, 7) 19.50000 0.000000
3, 8) 18.00000 0.000000
3, 9) 12.45000 0.000000
3, 10) 18.00000 0.000000
4, 1) 16.50000 0.000000
4, 2) 7.050000 0.000000
4, 3) 2.100000 0.000000
4, 4) 0.000000 0.000000
4, 5) 7.050000 0.000000
4, 6) 10.20000 0.000000
4, 7) 18.00000 0.000000
4, 8) 16.50000 0.000000
4, 9) 14.25000 0.000000
4, 10) 19.50000 0.000000
5, 1) 22.50000 0.000000
5, 2) 13.65000 0.000000
5, 3) 9.150000 0.000000
5, +4) 7.050000 0.000000
SS") 0.000000 0.000000
5, 6) 24.00000 0.000000
A 7)) 10.80000 0.000000
5, 8) 8.850000 0.000000
5, 9) 21.00000 0.000000
5, 10) 25.50000 0.000000
6, 1) 25.50000 0.000000
6, 2) 11.25000 0.000000
6, 3) 11.85000 0.000000
6, 4) 10.20000 0.000000
6, 5) 24.00000 0.000000
6, 6) 0.000000 0.000000
6, 7) 12.60000 0.000000
6, 8) 9.000000 0.000000
6, 9) 18.00000 0.000000
6, 10) 21.00000 0.000000
7, 1) 30.00000 0.000000
7, 2) 19.50000 0.000000
7, 3) 19.50000 0.000000
7, 4) 18.00000 0.000000
W E) 10.80000 0.000000
9, |O) 12.60000 0.000000
7, 7) 0.000000 0.000000
7, 8) 8.550000 0.000000
7, 9) 27.00000 0.000000
7, 10) 31.50000 0.000000
8, 1) 31.50000 0.000000
8, 2) 18.00000 0.000000
8, 3) 18.00000 0.000000
8, 4) 16.50000 0.000000
8, 5) 8.850000 0.000000
8, 6) 9.000000 0.000000
8, 7) 8.550000 0.000000
8, 8) 0.000000 0.000000
8, 9) 24.00000 0.000000
8, 10) 31.50000 0.000000
9, 1) 14.10000 0.000000
9, 2) 7.200000 0.000000
9, 3) 12.45000 0.000000
9, 4) 14.25000 0.000000
9, 5) 21.00000 0.000000
9, 6) 18.00000 0.000000
9, 7) 27.00000 0.000000
9, 8) 24.00000 0.000000
9, 9) 0.000000 0.000000
9, 10) 3.900000 0.000000
10, 1) 19.50000 0.000000
10, 2) 12.15000 0.000000
10, 3) 18.00000 0.000000
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DUR( 10, 4) 19.50000 0.000000
DUR( 10, 5) 25.50000 0.000000
DUR( 10, 6) 21.00000 0.000000
DUR( 10, 7) 31.50000 0.000000
DUR( 10, 8) 31.50000 0.000000
DUR( 10, 9) 3.900000 0.000000
DUR( 10, 10) 0.000000 0.000000
D. Rute 4
Global optimal solution found.
Objective value: 39.30000
Objective bound: 39.30000
Infeasibilities: 0.000000
Extended solver steps: 172
Total solver iterations: 2312
Elapsed runtime seconds: 0.34
Model Class: MILP
Total variables: 110
Nonlinear variables: 0
Integer variables: 100
Total constraints: 130
Nonlinear constraints: 0
Total nonzeros: 639
Nonlinear nonzeros: 0
Variable Value Reduced Cost
R 0.1000000E+08 0.000000
S( 1) 15.00000 0.000000
S( 2) 15.00000 0.000000
S( 3) 15.00000 0.000000
S( 4) 15.00000 0.000000
S( 5) 15.00000 0.000000
S( 6) 15.00000 0.000000
S( 7) 15.00000 0.000000
S( 8) 15.00000 0.000000
S( 9) 15.00000 0.000000
S( 10) 15.00000 0.000000
A( 1) 480.0000 0.000000
A( 2) 420.0000 0.000000
A( 3) 720.0000 0.000000
A( 4) 480.0000 0.000000
A( 5) 420.0000 0.000000
A( 6) 420.0000 0.000000
A(7) 480.0000 0.000000
A( 8) 420.0000 0.000000
A(9) 420.0000 0.000000
A( 10) 600.0000 0.000000
B( 1) 960.0000 0.000000
B( 2) 1020.000 0.000000
B( 3) 1320.000 0.000000
B( 4) 1080.000 0.000000
B( 5) 1020.000 0.000000
B( 6) 1020.000 0.000000
B( 7) 1260.000 0.000000
B( 8) 1260.000 0.000000
B( 9) 1020.000 0.000000
B( 10) 1260.000 0.000000
M( 1) 1299.900 0.000000
M( 2) 420.0000 0.000000
M( 3) 726.7500 0.000000
M( 4) 689.1000 0.000000
M( 5) 706.6500 0.000000
M( 6) 654.4500 0.000000
M( 7) 670.6500 0.000000
M( 8) 635.7000 0.000000
M( 9) 615.4500 0.000000
M( 10) 600.0000 0.000000
X(1, 1) 0.000000 0.000000
X( 1, 2) 1.000000 9.800000
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.000000 11.00000

.000000 16.00000
.000000 14.00000
.000000 19.00000
.000000 18.00000
.000000 19.00000
.000000 16.00000
.000000 16.00000
.000000 9.800000
.000000 0.000000
.000000 1.300000
.000000 5.400000
.000000 4.400000
.000000 8.500000
.000000 8.200000
.000000 7.000000
.000000 6.400000
.000000 4.000000
.000000 11.00000
.000000 1.300000
.000000 0.000000
.000000 3.300000
.000000 3.400000
.000000 6.000000
.000000 5.600000
.000000 4.600000
.000000 4.900000
.000000 5.300000
.000000 16.00000
.000000 5.400000
.000000 3.300000
.000000 0.000000
.000000 1.700000
.000000 2.600000
.000000 2.300000
.000000 2.300000
.000000 4.500000
.000000 4.200000
.000000 14.00000
.000000 4.400000
.000000 3.400000
.000000 1.700000
.000000 0.000000
.000000 2.700000
.000000 3.100000
.000000 4.000000
.000000 5.400000
.000000 5.000000
.000000 19.00000
.000000 8.500000
.000000 6.000000
.000000 2.600000
.000000 2.700000
.000000 0.000000
.000000 0.8000000
.000000 2.500000
.000000 6.100000
.000000 6.400000
.000000 18.00000
.000000 8.200000
.000000 5.600000
.000000 2.300000
.000000 3.100000
.000000 0.8000000
.000000 0.000000
.000000 2.300000
.000000 5.600000
.000000 5.900000
.000000 19.00000
.000000 7.000000
.000000 4.600000
.000000 2.300000
.000000 4.000000
.000000 2.500000
.000000 2.300000
.000000 0.000000
.000000 3.500000
.000000 3.800000
.000000 16.00000
.000000 6.400000
.000000 4.900000
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0.000000 4.500000
0.000000 5.400000
0.000000 6.100000
0.000000 5.600000
1.000000 3.500000
0.000000 0.000000
0.000000 0.3000000
0.000000 16.00000
0.000000 4.000000
0.000000 5.300000
0.000000 4.200000
0.000000 5.000000
0.000000 6.400000
0.000000 5.900000
0.000000 3.800000
1.000000 0.3000000
0.000000 0.000000
0.000000 0.000000
9.800000 0.000000
11.00000 0.000000
16.00000 0.000000
14.00000 0.000000
19.00000 0.000000
18.00000 0.000000
19.00000 0.000000
16.00000 0.000000
16.00000 0.000000
9.800000 0.000000
0.000000 0.000000
1.300000 0.000000
5.400000 0.000000
4.400000 0.000000
8.500000 0.000000
8.200000 0.000000
7.000000 0.000000
6.400000 0.000000
4.000000 0.000000
11.00000 0.000000
1.300000 0.000000
0.000000 0.000000
3.300000 0.000000
3.400000 0.000000
6.000000 0.000000
5.600000 0.000000
4.600000 0.000000
4.900000 0.000000
5.300000 0.000000
16.00000 0.000000
5.400000 0.000000
3.300000 0.000000
0.000000 0.000000
1.700000 0.000000
2.600000 0.000000
2.300000 0.000000
2.300000 0.000000
4.500000 0.000000
4.200000 0.000000
14.00000 0.000000
4.400000 0.000000
3.400000 0.000000
1.700000 0.000000
0.000000 0.000000
2.700000 0.000000
3.100000 0.000000
4.000000 0.000000
5.400000 0.000000
5.000000 0.000000
19.00000 0.000000
8.500000 0.000000
6.000000 0.000000
2.600000 0.000000
2.700000 0.000000
0.000000 0.000000
0.8000000 0.000000
2.500000 0.000000
6.100000 0.000000
6.400000 0.000000
18.00000 0.000000
8.200000 0.000000
5.600000 0.000000
2.300000 0.000000
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D( 7, 5) 3.100000 0.000000
D( 7, 6) 0.8000000 0.000000
D( 7, 7) 0.000000 0.000000
D( 7, 8) 2.300000 0.000000
D( 7, 9) 5.600000 0.000000
D( 7, 10) 5.900000 0.000000
D( 8, 1) 19.00000 0.000000
D( 8, 2) 7.000000 0.000000
D( 8, 3) 4.600000 0.000000
D( 8, 4) 2.300000 0.000000
D( 8, 5) 4.000000 0.000000
D( 8, 6) 2.500000 0.000000
D( 8, 7) 2.300000 0.000000
D( 8, 8) 0.000000 0.000000
D( 8, 9) 3.500000 0.000000
D( 8, 10) 3.800000 0.000000
D( 9, 1) 16.00000 0.000000
D( 9, 2) 6.400000 0.000000
D( 9, 3) 4.900000 0.000000
D( 9, 4) 4.500000 0.000000
DY.CHP5 ) 5.400000 0.000000
D( 9, 6) 6.100000 0.000000
D( 9, 7) 5.600000 0.000000
D( 9, 8) 3.500000 0.000000
D( 9, 9) 0.000000 0.000000
D( 9, 10) 0.3000000 0.000000
D( 10, 1) 16.00000 0.000000
D( 10, 2) 4.000000 0.000000
D( 10, 3) 5.300000 0.000000
D( 10, 4) 4.200000 0.000000
D( 10, 5) 5.000000 0.000000
D( 10, 6) 6.400000 0.000000
D( 10, 7) 5.900000 0.000000
D( 10, 8) 3.800000 0.000000
D( 10, 9) 0.3000000 0.000000
D( 10, 10) 0.000000 0.000000
DUR( 1, 1) 0.000000 0.000000
DUR( 1, 2) 14.70000 0.000000
DUR( 1, 3) 16.50000 0.000000
DUR( 1, 4) 24.00000 0.000000
DUR( 1, 5) 21.00000 0.000000
DUR( 1, 6) 28.50000 0.000000
DUR( 1, 7) 27.00000 0.000000
DUR( 1, 8) 28.50000 0.000000
DUR( 1, 9) 24.00000 0.000000
DUR( 1, 10) 24.00000 0.000000
DUR( 2, 1) 14.70000 0.000000
DUR( 2, 2) 0.000000 0.000000
DUR( 2, 3) 1.950000 0.000000
DUR( 2, 4) 8.100000 0.000000
DUR( 2, 5) 6.600000 0.000000
DUR( 2, 6) 12.75000 0.000000
DUR( 2, 7) 12.30000 0.000000
DUR( 2, 8) 10.50000 0.000000
DUR( 2, 9) 9.600000 0.000000
DUR( 2, 10) 6.000000 0.000000
DUR( 3, 1) 16.50000 0.000000
DUR( 3, 2) 1.950000 0.000000
DUR( 3, 3) 0.000000 0.000000
DUR( 3, 4) 4.950000 0.000000
DUR( 3, 5) 5.100000 0.000000
DUR( 3, 6) 9.000000 0.000000
DUR( 3, 7) 8.400000 0.000000
DUR( 3, 8) 6.900000 0.000000
DUR( 3, 9) 7.350000 0.000000
DUR( 3, 10) 7.950000 0.000000
DUR( 4, 1) 24.00000 0.000000
DUR( 4, 2) 8.100000 0.000000
DUR( 4, 3) 4.950000 0.000000
DUR( 4, 4) 0.000000 0.000000
DUR( 4, 5) 2.550000 0.000000
DUR( 4, 6) 3.900000 0.000000
DUR( 4, 7) 3.450000 0.000000
DUR( 4, 8) 3.450000 0.000000
DUR( 4, 9) 6.750000 0.000000
DUR( 4, 10) 6.300000 0.000000
DUR( 5, 1) 21.00000 0.000000
DUR( 5, 2) 6.600000 0.000000
DUR( 5, 3) 5.100000 0.000000
DUR( 5, 4) 2.550000 0.000000
DUR( 5, 5) 0.000000 0.000000
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DUR( 5, 6) 4.050000
DUR( 5, 7) 4.650000
DUR( 5, 8) 6.000000
DUR( 5, 9) 8.100000
DUR( 5, 10) 7.500000
DUR( 6, 1) 28.50000
DUR( 6, 2) 12.75000
DUR( 6, 3) 9.000000
DUR( 6, 4) 3.900000
DUR( 6, 5) 4.050000
DUR( 6, 6) 0.000000
DUR( 6, 7) 1.200000
DUR( 6, 8) 3.750000
DUR( 6, 9) 9.150000
DUR( 6, 10) 9.600000
DUR( 7, 1) 27.00000
DUR( 7, 2) 12.30000
DUR( 7, 3) 8.400000
DUR( 7, 4) 3.450000
DUR( 7, 5) 4.650000
DUR( 7, 6) 1.200000
DUR( 7, 7) 0.000000
DUR( 7, 8) 3.450000
DUR( 7, 9) 8.400000
DUR( 7, 10) 8.850000
DUR( 8, 1) 28.50000
DUR( 8, 2) 10.50000
DUR( 8, 3) 6.900000
DUR( 8, 4) 3.450000
DUR( 8, 5) 6.000000
DUR( 8, 6) 3.750000
DUR( 8, 7) 3.450000
DUR( 8, 8) 0.000000
DUR( 8, 9) 5.250000
DUR( 8, 10) 5.700000
DUR( 9, 1) 24.00000
DUR( 9, 2) 9.600000
DUR( 9, 3) 7.350000
DUR( 9, 4) 6.750000
DUR( 9, 5) 8.100000
DUR( 9, 6) 9.150000
DUR( 9, 7) 8.400000
DUR( 9, 8) 5.250000
DUR( 9, 9) 0.000000
DUR( 9, 10) 0.4500000
DUR( 10, 1) 24.00000
DUR( 10, 2) 6.000000
DUR( 10, 3) 7.950000
DUR( 10, 4) 6.300000
DUR( 10, 5) 7.500000
DUR( 10, 6) 9.600000
DUR( 10, 7) 8.850000
DUR( 10, 8) 5.700000
DUR( 10, 9) 0.4500000
DUR( 10, 10) 0.000000
E. Rute 5
Global optimal solution found.
Objective value: 51.45000
Objective bound: 51.45000
Infeasibilities: 0.000000
Extended solver steps: 26
Total solver iterations: 690
Elapsed runtime seconds: 0.42
Model Class: MILP
Total variables: 56
Nonlinear variables: 0
Integer variables: 49
Total constraints: 70
Nonlinear constraints: 0
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.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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Total nonzeros: 300

Nonlinear nonzeros: 0

Variable Value Reduced Cost
R 0.1000000E+08 0.000000

S( 1) 15.00000 0.000000

S( 2) 15.00000 0.000000

S( 3) 15.00000 0.000000

S( 4) 15.00000 0.000000

S( 5) 15.00000 0.000000

S( 6) 15.00000 0.000000

S( 7) 15.00000 0.000000

A( 1) 480.0000 0.000000
A( 2) 429.0000 0.000000
A( 3) 600.0000 0.000000
A( 4) 420.0000 0.000000
A( 5) 360.0000 0.000000
A( 6) 480.0000 0.000000
A(7) 480.0000 0.000000
B( 1) 960.0000 0.000000
B( 2) 1260.000 0.000000
B( 3) 1320.000 0.000000
B( 4) 1260.000 0.000000
B( 5) 1278.000 0.000000
B( 6) 960.0000 0.000000
B( 7) 960.0000 0.000000
M( 1) 1331.850 0.000000
M( 2) 625.5000 0.000000
M( 3) 600.0000 0.000000
M( 4) 583.7250 0.000000
M( 5) 522.6000 0.000000
M( 6) 501.1500 0.000000
M( 7) 480.0000 0.000000
X(1, 1) 0.000000 0.000000
X( 1, 2) 0.000000 15.00000
X( 1, 3) 0.000000 21.00000
X( 1, 4) 0.000000 21.00000
X( 1, 5) 0.000000 23.00000
X( 1, 6) 0.000000 21.00000
X(1, 7) 1.000000 17.00000
X(2, 1) 1.000000 15.00000
X( 2, 2) 0.000000 0.000000
X( 2, 3) 0.000000 7.000000
X( 2, 4) 0.000000 7.100000
X( 2, 5) 0.000000 10.00000
X( 2, 6) 0.000000 15.00000
X( 2, 7) 0.000000 13.00000
X( 3, 1) 0.000000 21.00000
X( 3, 2) 1.000000 7.000000
X( 3, 3) 0.000000 0.000000
X( 3, 4) 0.000000 0.8500000
X( 3, 5) 0.000000 4.900000
X( 3, 6) 0.000000 7.500000
X( 3, 7 0.000000 6.200000
X( 4, 1) 0.000000 21.00000
X( 4, 2) 0.000000 7.100000
X( 4, 3) 1.000000 0.8500000
X( 4, 4) 0.000000 0.000000
X( 4, 5) 0.000000 3.200000
X( 4, 6) 0.000000 8.900000
X( 4, 7 0.000000 5.900000
X( 5, 1) 0.000000 23.00000
X( 5, 2) 0.000000 10.00000
X( 5, 3) 0.000000 4.900000
X( 5, 4) 1.000000 3.200000
X( 5, 5) 0.000000 0.000000
X( 5, 6) 0.000000 4.300000
X( 5, 7) 0.000000 5.500000
X( 6, 1) 0.000000 21.00000
X( 6, 2) 0.000000 15.00000
X( 6, 3) 0.000000 7.500000
X( 6, 4) 0.000000 8.900000
X( 6, 5) 1.000000 4.300000
X( 6, 6) 0.000000 0.000000
X( 6, 7) 0.000000 4.100000
X(7, 1) 0.000000 17.00000
X( 7, 2) 0.000000 13.00000
X( 7, 3) 0.000000 6.200000
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0.000000 5.900000
0.000000 5.500000
1.000000 4.100000
0.000000 0.000000
0.000000 0.000000
15.00000 0.000000
21.00000 0.000000
21.00000 0.000000
23.00000 0.000000
21.00000 0.000000
17.00000 0.000000
15.00000 0.000000
0.000000 0.000000
7.000000 0.000000
7.100000 0.000000
10.00000 0.000000
15.00000 0.000000
13.00000 0.000000
21.00000 0.000000
7.000000 0.000000
0.000000 0.000000
0.8500000 0.000000
4.900000 0.000000
7.500000 0.000000
6.200000 0.000000
21.00000 0.000000
7.100000 0.000000
0.8500000 0.000000
0.000000 0.000000
3.200000 0.000000
8.900000 0.000000
5.900000 0.000000
23.00000 0.000000
10.00000 0.000000
4.900000 0.000000
3.200000 0.000000
0.000000 0.000000
4.300000 0.000000
5.500000 0.000000
21.00000 0.000000
15.00000 0.000000
7.500000 0.000000
8.900000 0.000000
4.300000 0.000000
0.000000 0.000000
4.100000 0.000000
17.00000 0.000000
13.00000 0.000000
6.200000 0.000000
5.900000 0.000000
5.500000 0.000000
4.100000 0.000000
0.000000 0.000000
0.000000 0.000000
22.50000 0.000000
31.50000 0.000000
31.50000 0.000000
34.50000 0.000000
31.50000 0.000000
25.50000 0.000000
22.50000 0.000000
0.000000 0.000000
10.50000 0.000000
10.65000 0.000000
15.00000 0.000000
22.50000 0.000000
19.50000 0.000000
31.50000 0.000000
10.50000 0.000000
0.000000 0.000000
1.275000 0.000000
7.350000 0.000000
11.25000 0.000000
9.300000 0.000000
31.50000 0.000000
10.65000 0.000000
1.275000 0.000000
0.000000 0.000000
4.800000 0.000000
13.35000 0.000000
8.850000 0.000000
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DUR( 5, 1) 34.50000 0.000000
DUR( 5, 2) 15.00000 0.000000
DUR( 5, 3) 7.350000 0.000000
DUR( 5, 4) 4.800000 0.000000
DUR( 5, 5) 0.000000 0.000000
DUR( 5, 6) 6.450000 0.000000
DUR( 5, 7) 8.250000 0.000000
DUR( 6, 1) 31.50000 0.000000
DUR( 6, 2) 22.50000 0.000000
DUR( 6, 3) 11.25000 0.000000
DUR( 6, 4) 13.35000 0.000000
DUR( 6, 5) 6.450000 0.000000
DUR( 6, 6) 0.000000 0.000000
DUR( 6, 7) 6.150000 0.000000
DUR( 7, 1) 25.50000 0.000000
DUR( 7, 2) 19.50000 0.000000
DUR( 7, 3) 9.300000 0.000000
DUR( 7, 4) 8.850000 0.000000
DUR( 7, 5) 8.250000 0.000000
DUR( 7, 6) 6.150000 0.000000
DUR( 7, 7) 0.000000 0.000000
F. Rute 6
Global optimal solution found.
Objective value: 29.10000
Objective bound: 29.10000
Infeasibilities: 0.000000
Extended solver steps: 0
Total solver iterations: 0
Elapsed runtime seconds: 0.06
Model Class: MILP
Total variables: 12
Nonlinear variables: 0
Integer variables: 9
Total constraints: 18
Nonlinear constraints: 0
Total nonzeros: 44
Nonlinear nonzeros: 0
Variable Value Reduced Cost
R 0.1000000E+08 0.000000
S( 1) 15.00000 0.000000
S( 2) 15.00000 0.000000
S( 3) 15.00000 0.000000
A( 1) 480.0000 0.000000
A( 2) 420.0000 0.000000
A( 3) 420.0000 0.000000
B( 1) 960.0000 0.000000
B( 2) 1020.000 0.000000
B( 3) 1020.000 0.000000
M( 1) 1042.500 0.000000
M( 2) 420.0000 0.000000
M( 3) 1005.000 0.000000
X(1, 1) 0.000000 0.000000
X(1, 2) 1.000000 11.00000
X( 1, 3) 0.000000 15.00000
X(2, 1) 0.000000 11.00000
X( 2, 2) 0.000000 0.000000
X( 2, 3) 1.000000 3.100000
X( 3, 1) 1.000000 15.00000
X( 3, 2) 0.000000 3.100000
X( 3, 3) 0.000000 0.000000
D( 1, 1) 0.000000 0.000000
D( 1, 2) 11.00000 0.000000
D( 1, 3) 15.00000 0.000000
D( 2, 1) 11.00000 0.000000
D( 2, 2) 0.000000 0.000000
D( 2, 3) 3.100000 0.000000
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D( 3, 1) 15.00000 0.000000
D( 3, 2) 3.100000 0.000000
D( 3, 3) 0.000000 0.000000
DUR( 1, 1) 0.000000 0.000000
DUR( 1, 2) 16.50000 0.000000
DUR( 1, 3) 22.50000 0.000000
DUR( 2, 1) 16.50000 0.000000
DUR( 2, 2) 0.000000 0.000000
DUR( 2, 3) 4.650000 0.000000
DUR( 3, 1) 22.50000 0.000000
DUR( 3, 2) 4.650000 0.000000
DUR( 3, 3) 0.000000 0.000000
G.Rute 7
Global optimal solution found.
Objective value: 43.90000
Objective bound: 43.90000
Infeasibilities: 0.000000
Extended solver steps: 0
Total solver iterations: 21,8
Elapsed runtime seconds: 0.09
Model Class: MILP
Total variables: 56
Nonlinear variables: 0
Integer variables: 49
Total constraints: 70
Nonlinear constraints: 0
Total nonzeros: 300
Nonlinear nonzeros: 0
Variable Value Reduced Cost
R 0.1000000E+08 0.000000
S( 1) 15.00000 0.000000
S( 2) 15.00000 0.000000
S( 3) 15.00000 0.000000
S( 4) 15.00000 0.000000
S( 5) 15.00000 0.000000
S( 6) 15.00000 0.000000
S(7) 15.00000 0.000000
A( 1) 480.0000 0.000000
A( 2) 480.0000 0.000000
A( 3) 480.0000 0.000000
A( 4) 420.0000 0.000000
A( 5) 480.0000 0.000000
A( 6) 480.0000 0.000000
A(7) 420.0000 0.000000
B( 1) 960.0000 0.000000
B( 2) 960.0000 0.000000
B( 3) 1260.000 0.000000
B( 4) 1020.000 0.000000
B( 5) 1080.000 0.000000
B( 6) 1260.000 0.000000
B( 7) 1020.000 0.000000
M( 1) 1284.000 0.000000
M( 2) 480.0000 0.000000
M( 3) 497.5500 0.000000
M( 4) 982.2000 0.000000
M( 5) 1065.000 0.000000
M( 6) 1083.000 0.000000
M( 7) 1005.000 0.000000
X(1, 1) 0.000000 0.000000
X(1, 2) 1.000000 14.00000
X( 1, 3) 0.000000 16.00000
X(1, 4) 0.000000 16.00000
X( 1, 5) 0.000000 15.00000
X( 1, 6) 0.000000 15.00000
X(1, 7) 0.000000 20.00000
X(2, 1) 0.000000 14.00000
X(2, 2) 0.000000 0.000000
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1.000000 1.700000
0.000000 2.400000
0.000000 4.100000
0.000000 3.100000
0.000000 5.000000
0.000000 16.00000
0.000000 1.700000
0.000000 0.000000
1.000000 0.7000000
0.000000 3.600000
0.000000 3.700000
0.000000 5.200000
0.000000 16.00000
0.000000 2.400000
0.000000 0.7000000
0.000000 0.000000
0.000000 2.700000
0.000000 3.300000
1.000000 5.200000
0.000000 15.00000
0.000000 4.100000
0.000000 3.600000
0.000000 2.700000
0.000000 0.000000
1.000000 2.000000
0.000000 5.300000
1.000000 15.00000
0.000000 3.100000
0.000000 3.700000
0.000000 3.300000
0.000000 2.000000
0.000000 0.000000
0.000000 6.100000
0.000000 20.00000
0.000000 5.000000
0.000000 5.200000
0.000000 5.200000
1.000000 5.300000
0.000000 6.100000
0.000000 0.000000
0.000000 0.000000
14.00000 0.000000
16.00000 0.000000
16.00000 0.000000
15.00000 0.000000
15.00000 0.000000
20.00000 0.000000
14.00000 0.000000
0.000000 0.000000
1.700000 0.000000
2.400000 0.000000
4.100000 0.000000
3.100000 0.000000
5.000000 0.000000
16.00000 0.000000
1.700000 0.000000
0.000000 0.000000
0.7000000 0.000000
3.600000 0.000000
3.700000 0.000000
5.200000 0.000000
16.00000 0.000000
2.400000 0.000000
0.7000000 0.000000
0.000000 0.000000
2.700000 0.000000
3.300000 0.000000
5.200000 0.000000
15.00000 0.000000
4.100000 0.000000
3.600000 0.000000
2.700000 0.000000
0.000000 0.000000
2.000000 0.000000
5.300000 0.000000
15.00000 0.000000
3.100000 0.000000
3.700000 0.000000
3.300000 0.000000
2.000000 0.000000
0.000000 0.000000
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6.100000 0.000000
20.00000 0.000000
5.000000 0.000000
5.200000 0.000000
5.200000 0.000000
5.300000 0.000000
6.100000 0.000000
0.000000 0.000000
0.000000 0.000000
21.00000 0.000000
24.00000 0.000000
24.00000 0.000000
22.50000 0.000000
22.50000 0.000000
30.00000 0.000000
21.00000 0.000000
0.000000 0.000000
2.550000 0.000000
3.600000 0.000000
6.150000 0.000000
4.650000 0.000000
7.500000 0.000000
24.00000 0.000000
2.550000 0.000000
0.000000 0.000000
1.050000 0.000000
5.400000 0.000000
5.550000 0.000000
7.800000 0.000000
24.00000 0.000000
3.600000 0.000000
1.050000 0.000000
0.000000 0.000000
4.050000 0.000000
4.950000 0.000000
7.800000 0.000000
22.50000 0.000000
6.150000 0.000000
5.400000 0.000000
4.050000 0.000000
0.000000 0.000000
3.000000 0.000000
7.950000 0.000000
22.50000 0.000000
4.650000 0.000000
5.550000 0.000000
4.950000 0.000000
3.000000 0.000000
0.000000 0.000000
9.150000 0.000000
30.00000 0.000000
7.500000 0.000000
7.800000 0.000000
7.800000 0.000000
7.950000 0.000000
9.150000 0.000000
0.000000 0.000000
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LAMPIRAN E

Manual Pengolahan dengan metode Nearest Neighbour dan Mixed Integer

A.Tahap 1

Pengelompokan pelanggan dengan Nearest Neighbour

Prosedur metode Algoritma Nearest Neighbour adalah sebagai berikut:

Linier Programming

1. Berawal dari Depot (Gudang Cleo), kemudian mencari lokasi pelanggan yang

belum dikunjungi yang memiliki jarak terpendek dari gudang. Sebagai lokasi

pertama. Untuk mencari lokasi tersebut, pada matriks jarak kolom pertama

dilihat pelanggan manakah yang melimiliki jarak terdekat dengan Depot.
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17 13 5.9 T8

0 4.6 12 8.1

12 =N 0 75

g1 B3 | 75 0

=l E& | 48 21

45 | 32 | B3 4.8
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;
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10 [} 12
11 IKJ 15
12 T 13
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14 1M 13
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16 IPR 13
17 M5 1
18 15K 13
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21 GRT 1=

59 | 56| 32 6.8
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23 HFv | 13 | 7.9 | 7.5 | 7.3 | 53
24 HFR | 35 | 53 | 41 | 45 | 32
25 HE | ¥ | 5 | 47 | 78 | 52
26 HPM | 98 | 82 | &1 | 73 | 26
27 H3H | 2o | 82 | 34 | 13 | 1

28 HIR| 15 | 2z | 34 | 1 | 78
29 HTN | 16 | 2z | 3.2 | 23 | 58
30 HwS | 1 | 75 | 72 | 7.6 | 3.4
31 GF | 8B | 11 | 41| 12 | &4
32 Gl  EEEREEE
33 kmc| 1 | 25 | &7 | 1 | 7.3
34 KBC| 18 | 53| 1 | & | 12

35 FME | 9.4 | 62 | 45 | 44 | 13

36 MCH| & | 12 | 35 | oM | 64
37 PH| 3 | 9z | 23 | 86 | 28
38 FRT| 13 | & | 57| 76 | 51

39 =0l | 85 | 76 | 53 | 57 | 0&S
a0 KTw| % | 2 | 2 | 85 | 63
M ERw | 7.3 | © | 13 | 56 | 1

Dari kolom tersebut ditemukan bahwa pelanggan IRT memiliki nilai jarak
terdekat,sehingga IRT ditetapkan sebagai tujuan kedua setelah Depot, setelah
itu dilakukan perhitungan sisa kapasitas kendaraan. Dalam hal ini, kapasitas
kendaraan adalah 100 dan permintaan pada pelanggan IRT adalah 5 (dapat
dilihat dari tabel permintaan pelanggan).

Sisa kapasitas = kapastias kendaraan — total permintaan pelanggan

=100-5=95

. Lanjutkan ke lokasi lain yang memiliki jarak terdekat dari lokasi yang terpilih
sebelumnya dan jumlah pengiriman tidak melebihi kapasitas kendaraan.

Maka pada langkah (2) adalah menacari lokasi pelanggan yang terdekat
dengan IRT (lokasi terpilih sebelumnya). Untuk mencari lokasi yang terdekat

dengan IRT dilakukan dengan melihat matrik jarak pada kolom IRT.
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AEK | JFF | COR | BT | PT | BT | KMC
O | 0| | @ | 53| 78| 84| 38| ®
BEK| T | 0 | 48| 12 | 81 | 3 W | a5
JFF| 13 | 46| 0 | 97 | 63 | 68 | 1 | &7
COR| 53 | 2 | a7 | o0 | 75 | 45 | 68 | o

BB 7| s (63| 75| o [ =1 |EEN s
PT | 88 | 3 | 68 | 48 | 21| o | 74 | 7
kM | 1 | 43 | 32 | 63 | 48 | 27 | 83 | 1.3

W) o | 2 | 63| 36|65 38| va| 33| m

1 ks | 5 [ 13z = 87| 55| 1|75

2w w{as| 2 [ea]|s7|as5]| 93] 72

1P| oz 67| | @ [ 0| w| ® | 41

14 LIk 19 I7 83 1= 97 3 15 2d

o= | LN s W P =

(=]

Dari kolom IRT dapat dilihat bahwa pelanggan IBT memiliki jarak terdekat
dengan IRT, maka IBT dipilih untuk menjadi lokasi selanjutnya setelah IRT.
Kemudian dilakukan perhitungan sisa kapasitas kendaraan. Total permintaan
pada lokasi kedua ini adalah jumlah permintaan pada lokasi-lokasi
sebelumnya dijumlahkan dengan permintaan pada lokasi terpilih. Total
permintaan pada pelanggan sebelumnya adalah 5 dan permintaan pada lokasi
perpilih (IBT) adalah 10, sehingga total permintaan pelanggan adalah 15.
Sisa kapasitas = kapastias kendaraan — total permintaan pelanggan
=100 — (5+10) = 85
Setelah langkah (2) selesai, dilanjutkan langkah berikutnya dengan kondisi

sebagai berikut :

e Apabila ada lokasi yang terpilih sebagai lokasi berikutnya dan terdapat
sisa kapasitas kendaraan, kembali ke langkah (2).

e Bila kendaraan tidak memiliki sisa kapasitas, kembali ke langkah (1).

e Bila tidak ada lokasi yang terpilih karena jumlah pengiriman melebihi

kapasitas kendaraan, maka kembali ke langkah (1). Dimulai lagi dari
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gudang dan mengunjungi pelanggan yang belum dikunjungi yang
memiliki jarak terdekat.
4. Bila semua pelanggan telah dikunjungi tepat satu kali maka algoritma

berakhir.

B. Tahap 2
Pengoptimalan rute dengan MILP ( menggunakan software Lingo 17.0)
Untuk pengolahan tahap dua, langkah-langkah yang harus dilakukan adalah
sebagai berikut :
1. Menentukan jumlah node (pada section sets) yang akan di running dengan

program Lingo 17.0.

sets:

HODES1..9/: 5, A, B, M;

PERJALAMNAN (HMOCDE, MODE) : X, D, DUR;
endsets

Pada contoh diatas jumlah node adalah 9 (termasuk depot) sehingga pada
sets ditlusikan NODE/1..9/:. Penulisan sets jumlah node ini mengikuti
jumlah node yang akan di running pada software Lingo. Apabila jumlah
node adalah 7 maka penulisan pada set adalah NODE/1..7/..

2. Langkah selanjutnya adalah melakukan input data.

a. Melakukan input data time windows.

data:
I 480 318 0 480 420 0 420 420 0;
B 960 1218 1440 960 1260 1440 1020 1320 1440;
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Pada gambar diatas, A adalah jam buka toko (dalam menit) dan B adalah
jam tutup toko (dalam menit). Data tersebut dapat dilihat dari tabel time
windows pelanggan.

b. Input data jarak

D = ! ke HCDE:

112 3456789 ;

0 3.8 7.8 8.5 9.4 = 9.5 8.1 11
3.8 0 5.2 5.8 7.1 7.4 6.6 7.8 8.3
T.8 5.2 0 0.5 1.9 2.1 3.2 4.6 4.8
8.5 2.8 0.85 0O L =] 2.4 2.8 4.5 4.3
9.4 7.1 1.5 1.5 0 0.5 1.2 2.8 2.8
8.4 T.4 2.1 2.4 0.95 0O 1 2.5 2.7
9.5 6.6 3.2 2.6 1.2 1 0 1.4 1.7
9.1 7.8 4.6 445 2.6 2.5 1.4 0 1
11 8.3 4.8 4.3 2.8 2.7 1.7 1 0:

Data jarak pada gambar diatas merupakan matriks jarak antara node pada
rute yang akan di running dengan software. Data tersebut dapat dilihat dari
tabel matriks jarak antara pelanggan.

c. Input data waktu tempuh

DUR = ! ke NCDE

11234567885 ;

0 = 11.7 12.75 14.1 12.6 14.25 13.65 16.5
5.7 Q T.8 8.7 10.65 11.1 9.9 11.7 12.45%5
11.7 7.8 0 0.8975 2.85 3.15 4.8 6.9 T.2
12.75 8.7 0.975 0 2.25 3.6 .8 6.75 6.43
14.1 10.65 2.85 2.25 0 1.425 1.8 Jh 4.2
12.8 11.1 3.15 3.6 1.425 0 1.5 3.75 4.05
14.25 5.5 4.8 3.9 1.8 L 0 2.1 2.55
13.65 11.7 6.8 6.75 3.8 3.75 2.1 a 1.5
le.5 12.45 7.2 6.45 4.2 4.05 2.55 1.5 0;

Data jarak pada gambar diatas merupakan matriks waktu tempuh antara
node pada rute yang akan di running dengan software. Data tersebut dapat

dilihat dari tabel matriks waktu tempuh antara pelanggan.
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d. Input data waktu pelayanan pelanggan

15 15 15 15 15 15 15 15 15;
10000000;

Data waktu pelayanan pelanggan merupakan waktu yang diperlukan
kendaraan untuk melayani pelanggan dan waktu setup di depot. Dalam hal
ini, waktu pelayanan adalah 15 menit dan waktu setup adalah 15 menit.
Karena terdapat 9 node pada rute yang akan di running dengan software

maka waktu pelayanan dituliskan sebanyak node yang ada.
. Melakukan running software Lingo 17.

Running dilakukan dengan cara mengeklik tombol solve yang berada pada

bagian toolbar software atau bisa dilakukan dengan cara memilih Solver >

Solve.
Linge 17.0 - [Lingo Model - rute galen 1]
Fileﬂit Solver Windu:n_wﬂ_ )
Diesld|S]| =@ == ve|o| BlEBAX &lslE 2l
hcdel: Solve
lparameter input
L4 (1) =waktu buka customer I
B(I) ~waktu tutup customer I
5({I) —waktu pelavanan di custaomer I
DY{1} =jJarak I k=
DUR({I) =waktu perjalanan dari I ke
ariabel wang dicari
X(I,J) =1 jika terjadi perjalanan dari titik 1 ke titik J,
0 sebaliknvya
M(I}) =waktu dimulail pelayanan dititik I oleh E;

156



4. Setelah dilakukan running akan terdapat output software yang berupa

solution report.

Glokbal optimal solution found.
Cbjective wvalue: 24.50000
Cbjective bound: Linge 17.0 Solver Status [rute galon 1] *
Infeasibilities:
Extended solver steps: Sobver Status ‘Yaniables
Total scolver iterations: Model Class: HILFP Total: a0
Elapsed runtime seconds: Manlinear: 0
State: Global Opt Integers: 81
HModel Class: -
Objective: 24 .9 Constraints
Total wariakles: Irfeasibility: 1] Total: 108
HNonlinear wvariables: . Manlinear: 0
Integer variables: Iterations: 13101
MNonzeros
Total constraints: Extended Solver Status Total: 512
Nonlinear constraints: Solver Type: E—and-B Wl U
Total nonzeros: Best Obj: 24.9 Generator Memory Used (K]
Nonlinear nonzeros: Obj Baund: 24 9 =133
Steps: 2762 Elapzed Runtime [hh:mm: 2z
e T 00:00:04
Update Interval: |2 | Close |
—=7 o TTTET TrTTTTT
( o) 15.00000 0.000000
5( &) 15.00000 0.000000
50 7) 15.00000 0.000000
5( 8) 15.00000 0.000000
5 9) 15.00000 0.000000
o 420 0000 fwEaTaTalaTalal

Dari gambar diatas menunjukan bahwa ditemukan solusi global optimal
dengan objective (jarak tempuh) 24.9 Km.

Untuk mengetahui rute perjalanan dapat dilihat pada solution report
dibagian x (rute). Berikut merupakan contoh cara membaca rute pada

solution report :

e o| Olk|mx| &emE 2kl
X( 1, 1) 0.000000 0.000000
X( 1, 2) 1.000000  EMELLLLE
X( 1, 3) 0.000000 7.800000
X( 1, 4) 0.000000 8.500000
X( 1, 5) 0.000000 9,400000
X({ 1, &) 0.000000 8.400000
X( 1, T) 0.000000 9.500000
¥({ 1, 8 0.000000 9.100000
¥({ 1, 9) 0.000000 11.00000
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Pada solution report diatas dapat dilihat X(1,2) bernilai 1. Hal tersebut
menandakan bahwa terjadi perjalanan dari node 1 ke node 2. Kemudian

dari node 2 dilihat lokasi mana yang akan dituju.

X( 1, §) 0.000000 8.400000
®( 1, T 0.000000 9.500000
X( 1, =) 0.000000 9.100000
®( 1, 9) 0.000000 11.00000
®( 2, 1) 0.000000 3.800000
X( 2, 2) 0.000000 0.000000
X( 2, 3) [1.000000  JETIEEE
X( 2, 4) 0.000000 5.800000
X( 2, 5 0.000000 7.100000
X( 2, ) 0.000000 7.400000
X( 2, T 0.000000 &.600000
X( 2, 8) 0.000000 7.800000
Xi 2, 2 0.000000 8.300000

Dari gambar diatas dapat dilihat bahwa dari node 2 ke node 3 terjadi
perjalan karena nilainya adalah 1. Dari node 3, dilihat lagi pada solution

report untuk mencari rute selanjunya.

AL £, 1) (¥ o . oo
X({ 2, 8) 0.000000 7.800000
Xi{ 2, 9) 0.000000 £.300000
X{ 3, 1) 0.000000 7.800000
X( 3, 2) 0.000000 5.200000
X{ 3, 3 0.000000 0.000000
Xi( 3, 4) 1.000000 0.6500000
X({ 3, 5) 0.000000 1.900000
X( 3, 6) 0.000000 2.100000
X({ 3, 7) 0.000000 3.200000
X{ 3, E) 0.000000 4,600000
- - ] % 0. 000000 4 200000

Pada gambar diatas, dari node 3 ke node 5 terjadi perjalanan, maka rute
perjanan setelah node 3 adalah node 5. Langkah ini dilakukan hingga
perjalanan berkahir ke node 1 kembali.

5. Selesai
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