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Pengembangan Model Matematis
Permasalahan VRP
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VRP with Time Windows
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𝑚𝑖𝑛

𝑖∈𝑁



𝑗∈𝑁



𝑣∈𝑉

𝑥𝑖𝑗
𝑣 𝐶𝑖𝑗



𝑗∈𝑁



𝑣∈𝑉

𝑥𝑖𝑗
𝑣 = 1, ∀𝑖 ∈ 𝑁



𝑖∈𝑁



𝑣∈𝑉

𝑥𝑖𝑗
𝑣 = 1, ∀𝑗 ∈ 𝑁



𝑖∈𝑁

𝑥𝑖𝑘
𝑣 −

𝑗∈

𝑥𝑘𝑗
𝑣 = 0, ∀𝑘 ∈ 𝑁 ∪𝑀, 𝑣 ∈ 𝑉

𝑔𝑗
𝑣 ≥ 𝑔𝑖

𝑣 + 𝑥𝑖𝑗
𝑣 − 1 𝑍 + 𝐺𝑗 , ∀𝑣 ∈ 𝑉, 𝑖, 𝑗 ∈ 𝑁

𝑔𝑗
𝑣 ≤ 𝐻,∀𝑣 ∈ 𝑉, 𝑗 ∈ 𝑁

𝑎𝑗
𝑣 ≥ 𝑎𝑖

𝑣 + 𝑥𝑖𝑗
𝑣 − 1 𝑍 + 𝐶𝑖𝑗 , ∀𝑣 ∈ 𝑉, 𝑖, 𝑗 ∈ 𝑁

𝐴𝑖 ≥ 𝑎𝑖
𝑣 ≥ 𝐵𝑖 , ∀𝑣 ∈ 𝑉, 𝑗 ∈ 𝑁

𝑥𝑖𝑗
𝑣 ∈ 1,0 , ∀ 𝑖, 𝑗 ∈ 𝑁, 𝑣 ∈ 𝑉

𝑔𝑗
𝑣 ∈ 𝑅+

Variable:
𝒙𝒊𝒋
𝒗 : binary variable to indicate the path that goes 

from city 𝑖 to city 𝑗 by vehicle 𝑣 is taken.

𝒈𝒋
𝒗: accumulated vehicle load 𝑣 at city 𝑗

Parameter:
𝑪𝒊𝒋: cost of transporting from city 𝑖 to city 𝑗.

𝑮𝒋: load of node 𝑗

Additional Parameter:
𝑨𝒊: earliest time to serve city 𝑖.
𝑩𝒊: latest time to serve city 𝑖

Additional Variable:
𝒂𝒋
𝒗: accumulated travel time of vehicle 𝑣 at city 𝑗
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Tambahan Variable dan Pembatas

• Variable 𝑎𝑗
𝑣 digunakan untuk merekam

informasi akumulasi waktu tempuh
pada setiap titik kunjungan 𝑗, 𝑗 ∈ 𝑁

• Akumulasi waktu kunjungan dapat
direpresentasikan sebagai waktu
kedatangan pada titik pelanggan 𝑗

• Kedatangan pelanggan 𝑎𝑗
𝑣 dapat

dibatasi oleh rentang time window 
𝐴𝑖 , 𝐵𝑖
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𝑎𝑗
𝑣 ≥ 𝑎𝑖

𝑣 + 𝑥𝑖𝑗
𝑣 − 1 𝑍 + 𝐶𝑖𝑗 , ∀𝑣 ∈ 𝑉, 𝑖, 𝑗 ∈ 𝑁

𝐴𝑖 ≥ 𝑎𝑖
𝑣 ≥ 𝐵𝑖 , ∀𝑣 ∈ 𝑉, 𝑗 ∈ 𝑁

Additional Parameter:
𝑨𝒊: earliest time to serve city 𝑖.
𝑩𝒊: latest time to serve city 𝑖

Additional Variable:
𝒂𝒋
𝒗: accumulated travel time of vehicle 𝑣 at city 𝑗



5

Contoh VRPTW

• Penambahan Parameter atau Data 
Time Window
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Node A B

0 0 1000

1 300 600

2 120 300

3 150 400

4 200 400

5 300 350

6 200 500

7 50 500

8 200 400

9 0 500

10 0 500

• Penulisan pembatas baru

𝑎𝑗
𝑣 ≥ 𝑎𝑖

𝑣 + 𝑥𝑖𝑗
𝑣 − 1 𝑍 + 𝐶𝑖𝑗 , ∀𝑣 ∈ 𝑉, 𝑖, 𝑗 ∈ 𝑁

𝐴𝑖 ≥ 𝑎𝑖
𝑣 ≥ 𝐵𝑖 , ∀𝑣 ∈ 𝑉, 𝑗 ∈ 𝑁
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Hasil Solusi menggunakan Gurobi Solver
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Representasi Solusi
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Penambahan Time Window akan secara drastis

merubah solusi dan menambah biaya


