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After Dantzig and Rasmer introduced Vehicle Routing Problem in 1959, this field has been studied with numerous approaches
so far. Classical Vehicle Routing Problem can be described as a problem of multiple number of homogeneous vehicles sharing

a same starting node and having their own routes to meet the needs of demand nodes. After satisfying all the needs, they go
back to the starting node. In order to apply the real world problem, this problem had been developed with additional constraints
and pick up & delivery model is one of them. To enhance the effectiveness of pick up & delivery, hub became a popular

concept, which often helps reducing the overall cost and improving the quality of service. Lots of studies have suggested heuristic

methods to realize this problem because it often becomes a NP-hard problem. However, because of this characteristic, there

are not many studies solving this problem optimally. If the problem can be solved in polynomial time, optimal solution is the

best option. Therefore, this study proposes a new mathematical model to solve this problem optimally, verified by a real world

problem. The main improvements of this study compared to real world case are firstly, make drivers visit every nodes once
except hub, secondly, make drivers visit every nodes at the right time, and thirdly, make drivers start and end their journey

at their own homes.
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gl 7je] Ao BES #EE F Utk dE 5o % 1 v S €98 5 vk Raw Data} Bl gk A}
I+ A9 a, m n, o] B AlFddt Total Travel Distances= 2F 1200 km, Total Required Time<

<Table 2>+= A 2349 F2] RS A &3 dijoln] o gA[Zte] &tk & 291 4= vk o] Optimal
<Table 3>& 2] &S #&3at7] 1o Aot} Travel  Solution®] 73-%, thHE FHAE0] 8B =2 ab= A7k
Distance= 7} ##AFe] oA Ftksto] A9 wigds  237] 98] AARE 7:00 am o] 5ol F@eide &
& o w8 m7hA] 422 ATE 9uss End  F 7:00 amo] 93 Ao w 7pAEa B e
Time of Delivery= AZE X1 Hof| =238l A|7to] o} LAzt =28 7|t A7HS E8617]9 A A Total
W, 2] wlge vzl AJ7FS oJu| gt} ¥ Required  Required Time 39A|7FWTE At} oF & ©h7ke] Raw d]o]
Time2 F o8 575k ARAA £3reeh HISHSE 28 Ejoh viad A3} A8t Rge 20 AR SWeA 13%,
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{Table 1> Matching Restaurants and Farms

Res a b c d e f g h i j k | m n 0 p a r

Farm | A, B,1 |B,D| B |[B,M|B,L|A C,GL| C |[D,L|D,J|EK|FGJM|GIJ| I |LIJ|EI| J |GKL]| L
<Table 2> Optimal Solution of Experimental Data
Driver 1 Driver 2 Driver 3 Driver 4 Driver 5
Visited Farms E B, F LJ C, D K L M A
Visited Restaurants c,d f, j, kmn a, f b, f,h I, 1,01 f e, f, g p q
Arrival Time at Hub 11:30 am 11:55 am 12:00 p.m 11:32 am 11:30 am

Travel Routes

HI > E—f—j—d

—k—>m—>n—

H—>F—>B—>f—a

H—>J]—>1—>f—

h—>o0o—>i—>1>r—

H—->K—>C—>M—

HS—)A*)f*)q‘)

¢ — HI — H2 b — I3 D—>L—>f—> H4 p—>e—>g—>HS
Travel Distance 125 km 708 km 450 km 246 km 113 km
End Time of Delivery 3:01 p.m 12:57 p.m 3:13 p.m 12:15 p.m 2:36 p.m
Travel Distance/ .
Required Time 1642 km/39 hour 13 min(Total)
<Table 3> Raw Data of Experimental Data
Driver 1 Driver 2 Driver 3 Driver 4 Driver 5
Visited Farms C,D, KL M A, B, F E G I G J L E, J
Visited Restaurants b,d f, g hijqr a, bc de fk a, k, I, mn, o e, f,i, 1, q ik, n, p

Travel Routes

H - D—>M—>L—
Co>K—=>k—=>r—

d—)j—)i—)h—)f—)

H —>F—>B—>A~—

e—>b—>c—>k—

H3—>1—-G—>E—

m—>k—>a—>o0—

H4 > G—J—>L—

]—)f—)i—)q—)e—>

HS > J—>E—>k—
n—j—p—>HS

d—>f—>a—>H2 | —>n— H3 H4
q—>¢g—>b—HI
Travel Distance 419 km 907 km 400 km 687 km 447 km
End Time of Delivery 4:48 p.m 5:31 pm 1:34 pm 4:05 p.m 1:09 p.m

Travel Distance /
Required Time

2860 km/47 hour S5min(Total)
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