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AZA2E2H|(Vehicle Routing Problem; 0[5tVRP)

@

= Vehicle Routing Problem(VRP) — Dantzig, G. B. and Ramser, J.H.(1959)

= Vehicle Routing Problem with Time Windows(VRPTW) — Toth and Vigo(2001), Cordeau et al.(2007)
= VRP with Pickup and Delivery(VRPPD) - Toth and Vigo(2001)

= Capacitated Vehicle Routing Problem(CVRP) — Cordeau et al.(2007)

= Cordeau, J. F., Gendreau, M., & Laporte, G. (1997). A tabu search heuristic for periodic and multi-depot
vehicle routing problems. Networks, 30(2), 105-119.

= Brandao, J., & Mercer, A. (1997). A tabu search algorithm for the multi—trip vehicle routing and scheduling
problem. European journal of operational research, 100(1), 180-191.

= Wu, T. H, Low, C., & Bai, J. W. (2002). Heuristic solutions to multi-depot location—routing
problems. Computers & Operations Research, 29(10), 1393—1415.

= Polacek, M., Hartl, R. F., Doerner, K., & Reimann, M. (2004). A variable neighborhood search for the multi
depot vehicle routing problem with time windows. Journal of heuristics, 10(6), 613—627.

= Ho, W., Ho, G. T., Ji, P, & Lau, H. C. (2008). A hybrid genetic algorithm for the multi—depot vehicle routing
problem. Engineering Applications of Artificial Intelligence, 21(4), 548-557.
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2MTA BISEE 128t AFFAZ2H|(Pollution Routing Problem; 0[5t PRP)

@

" 7|EPRP=F= B8R0, ARERITIS 1155t 2407 A HIEEO| FAve Bt/ Tk

CO, emissions with VRPTW — Palmer(2007)

Travel times and CO, emissions — Jabali et al.(2012)

An instantaneous fuel consumption model — Akcelik and Besley(1996, 2003)

A four-mode elemental fuel consumption model — Bowyer et al.(1985)

= A running speed fuel consumption model — Bowyer et al.(1985)

A comprehensive modal emission model — Barth et al.(2005)

Methodology for calculating transportation emissions and energy consumption model — Hickman et al.(1999)

Computer programme to calculate emissions from raod transportation model — Ntziachristos and
Samaras(2000)
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Ant Colony Optimization(0[tACO)

@

= ACO= VRP 2A4|0]| 20| A01= metaheuristic BFHE0 2 SIXI7IK|T IO MO |1 QS

= Bell, J. E., & McMullen, P. R. (2004). Ant colony optimization techniques for the vehicle routing
problem. Advanced engineering informatics, 18(1), 41-48.

= Matos, A. C., & Oliveira, R. C. (2004, September). An experimental study of the ant colony system for the
period vehicle routing problem. In International Workshop on Ant Colony Optimization and Swarm
Intelligence (pp. 286-293). Springer Berlin Heidelberg.

= Fuellerer, G., Doerner, K. F., Hartl, R. F., & lori, M. (2009). Ant colony optimization for the two—dimensional
loading vehicle routing problem. Computers & Operations Research, 36(3), 655-673.

= Yu, B, Yang, Z Z., & Yao, B. (2009). An improved ant colony optimization for vehicle routing
problem. European journal of operational research, 196(1), 171-176.

= Yu, B., Yang, Z. Z., & Xie, J. X. (2011). A parallel improved ant colony optimization for multi—depot vehicle
routing problem. Journal of the Operational Research Society, 62(1), 183-188.
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(J Multi Depot - VRP

* Objecive Functon - VRP : 20 OfIe] X2o| Bt 7 Depote Esi0] 124
min Z Z zciixiik E(DOde)% e _E_EI'IE _EXIE iII%FQ“I %%FOI k“l_a_l., Ix_-li'"

i€1U] jeTu] kek

o OS24S HASH
> =1 jer (2) e = MD-VRP : 5 7} 0}&<| Depot, VRP &&= 7H'H

keK ielu]

DXL kek (3) 519 89 = TAQ] 27t B0t BIEPERI ARt ARZE L ZEg =20

Upe— Upge + Nag <N — 1 LjelkeK (4) Sub tour WX| O‘IH—E— NP-Hard —E—HE metaheuristics oz IJE-

injk_zxjikzo keK,ielujJ (5)5ERE
jeryy jeroy

PPRETES kek (6) % ke vttt

iel jej

> dizy <V, ier (1) Forz 8%

Jel

2yt ) (oot xug) <1 ieljejkek (8) ggE =8 Xy
u€lvj
xyji € {0,1} ielLje] keK

z;;€{0,1} ieljej

Uy =0 leJkeK

* Parameters

= i oAl j22 Ols Az 1,i0lA |2 0I5

i H51Re| Fh 5182 0, otherwise

[PE=PN-LT

1, T} st 2 \O’ 2. MD - VRP

k 229 518 u 0, oherwise
% NP—Hard(Non-deterministic Polynomial-time hard) : A2 HHT(X| b= 0{2
= A

-2k 70| 7o =13 _ = - -
x Sublour: 24 EAR | ZR7H I x heuristic : SZE BHSI0| MBS 77101 Fofm|02 2Aok= kY
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I, S 2. 522y
(0 Multi Depot - PRP

iR - PRP : XIZ, 317, IS 50| 4SS H25/01 7% 0|
min Y. klvnd,-,-;z,ri/7+WZ;AmyAa,-,d,-,x,-,+(;Ay/1u,-,d,-,f,-,+(;Aayu,-,iz§,(ﬁ)z+I;Df.1s,- %7-'E‘I ;Elu_l. OI.L’IE‘I. %éjl.é HH%%% M A2

(@fea
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jEN

;xuzl Vi€ Ng (7) Z node Stetat g n _|I—_E| &IXH%O." [[EI.%&I%IOI EE-I'XIDE xél:clléf_-’l_l' ql:cl!'
;xq -1 vj €Ny (8) Sub tour x| %_O_I il-o I7 I. 9}!%

D hi= ) fy = vieN, (9)52 MASH= nodedt 27151
jen jen

qixi < fi; < (Q — qx; v(i,j) €A (10) xtz¥e| 8Yxist
Vv Y gz /TS Ky(1-xy) | VieNojeNyi) (11) 2t Z=e st
TER
a;<y;<b Vi€ N,y (12) 23y
yi+ti_si+z‘iiﬂzn?o/ﬁ5’-(1_"[0) vj €N,
TER
R
Dz =xy V(i j) €A
=1
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*  Parameters

Yii EI:E]O'"A'I MHI&A'HAPJ - _ 1|0||A‘| ]E o|%
- 2. Otherwise
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vto= & £F
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@ SAI7|A HjE2$ ARY DEI(A Comprehensive Modal Emission Model)
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@ Ant Colony Optimization(ACO)

" ACO= metaheuristic 7|8 S SH4tZ 913 M.Dorigo0i| 21aH &= A[2t

= metaheuristic : ZAI0HCHSH0i| S5 7HUSHOF Sh= Heunistict E2| HLHHEXO 2 AL 7S5t rE0| LA 7|
= 2X|7H0[ES] &S0l gt i LSS S8t 718

" H=E Y9 At B/E SOl ANU =E

=7| node= S0t

2= Update

O =

23l ACO flow chart




@ Ant Colony Opimization(ACO)

= Step1:7li0| node S
Step 1-1: 0~AIO| A2 EA — g HOHEIOH 22

a g0’ If2H0[EL, FHO|7} 712 nodeS M & &8, 0~1 ALO|] gt
Max{z, ;“n;,* ) g: 0~1 Af0| 2] B4

Step 1-2:: 0~MAI0| 2pE El — qo 2E XU HE= F X
TP pij HOI7HOIM |2 O|S& &8 S: JHOI7H Y25t node
P S s %1i,;P i PR AEE S @ p: TS

N0, IR SR
Step 1-3:7i017tnode O A| HI== 4 S B2
_ To: O2t0|Ef, HZ2Z X=7|%
tij= 1= @)t + 97 o: I2I0|E, H22 Z2H|S
= Step?2:13| B& Al 27 A2 Z29 HEEOZ Update
Tl,j = (1 — <P)Ti,j + ATi’j e

Cpost. = RAZRO| 2XIZf
Tipj beSt — {1/Cbest best 1o == Hx
0

= Step 3: X5t HIS SI~T7HK| Step 1~ Step 22 HH=5HH &7t Update
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@ MDVRP vs MDPRP

= MDVRP2tMDPRPZ &&5[%= Il 0|S7{2|2t 247 IA HiSZS H|W

= 0|=72]: 1,600.3km— 1,690.0km (5.6% 37

= A7 HIEZE: 459, 0kgCO, — 440.1kgC0, (4.1% L4

= MDPRPZ X&5|%UE 3% 0|3AHEl= 710X 247tA HHEF2 ZAs

0[S 712|(km) 2A7tA HiE&(kgCO,)
MDVRP 1,460 144 1,600.3 459.0
MDVRP 1,460 144 1,690.0 440.1
SUE 5.6% ~4.1%

H MDVRP vs MDPRP

@ Afgel
g scmete]
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@ MDVRP vs MDPRP

= HiX}=7|1E HE0INUE Il 0|52t 247 IA HiEES H |

48)/25 = O[S 72| : 1,690.0km— 1,614.8km (4.4% Zi), SAI7 A HIESZE: 440.1kgC0, — 421.4kg00, (4.3% ZA)
58]/25 = 015 712] : 1,690.0km — 1,418.2m (16.1% Zi), 17 IA HHEZS : 376,5kgC0, — 421.4kgC0, (14.5% ZA)
631/2== OIS 72 : 1,690.0km — 1,435.2km (15,1% Z4), A7 A HIEZF: 440,1kgCO, — 376.6kgC0, (14.4% Z4)
53|/F2 HEoIUE 82 0|S7E 2A7IA HIEFE EF 71 2 252 HY

0|=AH2|(km) 2A7IA HiE2H(kgCO,)
35|/= 1,460 144 1.600.3 459.0
) 1 614.8 491 4
43/ 1 460 1% 614. :
2= ’ (~4.4%) (~4.3%)
) 1 418.2 376.5
53/ 1 460 105 ,418. :
8= ! (~16.1%) (—14.5%)
) 1 435.0 376.6
63/= 1 460 % 430, '
&= ! (=15.1%) (=14.4%)

B BHXI 7] MDPRP

@ Afgel
g scmete]
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= MDPRP XHE5I%S 24 MDVRPO]| HIsH 2Lt 247 A HISES ZSAIE = US
= 0[SA2]:1,600.3km— 1,690.0km (5.6% B7), 2417 A HIEZF : 459,0kg00, — 440.1kgCO0, (4.1% Z4)
= HiXIFE7|E 53)/32 MESIUS 4 38//Z01 HIoH 2Lt 2AV A HIEES ZASAI- = US

= 0[SH2]:1,690.0km— 1,418 2km (16.1% Z4), &7 tA BIEZS - 376.5kg00, — 421.4kg00, (14.5% &)
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