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ABSTRACT

Transportation problem in modern cities is the main cause of congestion, as well as
emissions and noise pollution. Transportation problem is an important indicator of urban
living since emissions is considered as one of the negative impact of human health. Due to
the rise of environmental awareness of people, global emissions of carbon dioxide has long
been concerned problem, and is more often found in many international forum. Green
transportation has become an important issue nowadays.

According to the relationship between transportation and carbon dioxide emissions of
commercial logistics, this study aims to achieve the following objectives: (1) to construct a
mathematical model of vehicle routing problem with simultaneous delivery and pickup. (2) to
develop a suitable solution procedure for solving the model. (3) to analyze the impact of
carbon dioxide emissions on the environment caused by business logistics. The methodology
might build a systematic approach in handling carbon reduction from logistics point of view.

This study focuses on the practical issue of vehicle routing problem with simultaneous
delivery and pickup. Multiple factors on routing, vehicles, energy consumption, and carbon
dioxide emissions will be taking in consideration. It solved the model and the best vehicle
routing and minimum cost can be found. Practical scenarios were further utilized and models
were accordingly adjusted. In the end, we found the quantity of carbon dioxide and oil
consumption of transportation and the difference with the solution of solving quality and
speed.

Keywords: Green Transportation, Vehicle Routing Problem with Simultaneous Delivery
and Pick-up, Vehicle Energy Consumption Model
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LR CH R G &l S R AR S
3. %ﬁﬁ%ﬁ@@ﬂﬂ%mﬁ%ﬁﬁﬁ%&ﬁﬁﬁﬁwﬁﬂ%ﬁﬁﬁ&
iR SRR R RSE I RE R RS
kol S EATELE TR AR R R R RE RS 0 AR
T 23 SEFELFNFR R THE P RS2 RBE R L 2 F
EFIHF

=

o
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http://www.sciencedirect.com/science/article/pii/S095741741300609X

2.3 FENFE 2

231 AFigEEAE

£ 7% & ;2 (Genetic Algorithm, GA) 7 John Holland #1975 & #73% !
FEE cH@AEV S w p 1895 & £ f < (Charles Darwin) 4~ & 5% i+ % v
h i P> GF2 5, 2F2R5EE - el Pp R Rd
I engF e > 3% 1B 4F % (reproduction) ~ % fiz (crossover) 14 % % % (mutation)
EONEHT FREFEY > TR & So#(fitness function)i {7 5 »xe®
B BRI L RRESEE o W RFIT A GR(EP R0 2014) -

AFLFEE 0 5 3 N F R X LR R aRE o 0 5 %
gendfem 3 0 AFIFE A RE s BAFEZ N LES N FERE LR
(global optlmum) PR B F i A E % (local optimum) o F1p > A F0E

437 s

¥
1
2. HER LR
3 e dR TR A ] 1 <
4. ¥ % 4 g it it (optimization) B® £E

PR TR RAEF T WA R BRI 0 2 RS B X %E
HENAFFRZETHIS JFIEFREFA - Ao Vlgnaux and
Michalewicz (1991)#5 4 % #< % #5 (encode)z_ > 3% ; Ishibuchi, et al. (1994)% z_

2
~

Al S8 4o AR REINMNE BIEFLDIEETE o

232 BEgHEFE AL

# % 9% ;= (Tabu Search, TS)& & d Glover >+ 1986 # 73 ! » f* %
GrAn B FTIHFE DG E VLI HhIVER G [E 0 T 2 A2 - Tabu
Search {1 * & et g Al fi o o fem BB h > LA 2w BT

el e RAL R H &8 SI(TabuList) > B FIAE S o iax o 20 R B 5 peAR

BLAF A bR JREAET A S 5 BIVA > BB B AR S B EE

16



233 B¥EEFEZANEL

¥ ¥ % & ;2 (Marriage in Honey Bees Optimization ; MBO): & 3 5 L%

Cp Y RRROREARS WIRE L - RES AR EECE 0 5520 2001 £

¢ HA. Abbass #r3& 1) > 45d § = B(Rm U~ ¥ F 35 ElaA ~ F2 P o

2009) :

1, 18 r1IRETE I 3 BEREpBELA o

2. ¥ g - LMo Hepy it HOREE G E Eadk
3 B

3.t % Abbass #r#% MR A ¢ o S L A% F & (spermatheca) >
IR AR RN v IREY REAL T RY A X
d I mRp  HRE RN SR BA R o dp R R 23RS N AH
2
1 EBRAESRY A S SRR

1. % ¢ 2 zeid < fie 3k 4%(The mating-flight of the queen bees with drones) -

2. % 2 A& 4 F (The creation of new broods by the queen bees) -

3. 1 #iESF N2 if B & (The improvement of the broods’ fitness by
workers) o

4. 1 $% ehif J& 8 (The adaptation of the workers’ fitness) e

5 &3+ A F i % (The replacement of the least fittest queen(s) with the

fittest brood(s)) -

17



234 ﬁq/ﬁ.& = e-p

1% ¥ % & ;= (Ant colony optimization ; ACO) 2 Marco Dorigo # 1991 =
ZELHme D o A LRSS TSP 7R A4 A (St £ FLE
FIEBAER > 4ol (TERERE S TRFHE -ARFIEE o 7 HIZ4 5 A
-~ AR PR AR R AT G- AW AER IR
&%ﬂ%%iﬁé%ﬁ’ﬁ@maﬁﬁﬁ&ﬂ,g—;Iqﬁ\@.g
PR 2P B8 0 Aok FIH BRI A &P REIF L E o
BIREH B 2 AEEART % T b3 TSP R4 ¢ » VRP B {E 22
Hpp74pl > FIVRP P37 A4 5 5 B TSP 2 22> AiT-t E it 2.7 >
BRFF B 2 R A 2-opt Eo B SN Uw B R e 0 Ant-Virp 2 L Rd pER O 1)U
RS :f'»ﬁzp’ VRP(tkiz % » 2003) » 7 & 5 %@ & f@d | 1“1 & 3%
FEHLE ) o @ B fElho] (VR RT E S RRD FEYEC] P R o

BHFE 25 2 2 R A RIAE TN I FHER

=t

Lo Rl &3 Sl bt

2. BB BRRI AL B F - iR B H RS
3. ?ﬁ%%ﬁaﬂﬁw%mTc%éwﬁ#ﬁo

4. FRAFIRF AT AN B H s

5. MEHR LAl

6. AT AT EN AT BdfR Hi kg o

18



H w5 R AT ] Ko B 2.5 4

Ffl 45

¥
EUR Y %S
(Initial Population)
v
RS |

(Ants move)
v

=% & % % (Release
pheromones)

i i A AR
(Output optimal
solution)

EEHRE
& b kA

Bl 2.5 k0 5 o4 2 4T

19

R Tt s

(Volatile pheromones)




2% RFHEHEHEFTHET
AFTEHD B EPLEEAE L PRI DRI P R
ARG AR LRI D F B R T RS A R - dE R
AR 3L A L B A it 0 3.2 8 5 S A Sk PP 33
§ 5 RfR 2 B

3.1 K igd & A& &K

SRR AR A AT EW A s R
FUFL R A 7 AU AR T R

FIEAA 2 s @7 B gmh i BB % > AR S R AN A Ao R 31
ST o
ey EEHERY Emur
o ———— =
I 1
ShRtxPEsn | || BRESPRRFHARE || coooo--ooo :
—~ 25 1 HERF : 1 [
! T S
I L I
1 [
EFERG | emrmasopEgor (1) l
V| saexesadses [ 0 ]
1 BEEmaER |,
¥ #4E |
EEEFEABYE o i
HRFE B 2R — FamuEE T ORBERIR | : :
BEKEEHALELn [ I
Ry | bR |1
. ! , 1t |
1 = 1
| PEEER SEETEREF FLEY [ (——— |
| | 2L I
|
1

FEE S g R A B R AR EY R MR B R
BB T T S 2 3 BB B B 1 AR R A (2018) 4110 5
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BgmAL G R B RO S
Wed ) R =B faliocE (TR R ARXGh FL XS B ik
CO 3 g =8 jmicx # (78 2 8xCO, 2 M fgex g & i #ic
ﬂﬂ’@Eﬁ&?f—ﬁ%%ﬁ@~—§\%%é%i£%m\ﬁa
N Fq\sp RAFARoA AT R RERN L E N E CO R 2 B
Moo B e, B4R E - B RERY RE 2 8dy o Aok 31 popoo@m B
jRlc E E TR T AR HCER G - X Rk

% 3.1 # B RCO, ik

| By | CHE | CO R4 | AR | BREE | kP i+

* 3 # wE | RiE i Tk
il k- °d kgCO2/Kc | Kg

»E kgC/ al Cco,/

u] GJ Kcal

we | smzit | 191 70,000 | 2.93E | 7500 | Kcal/lL | 2.20 Kg
TN I -04 CO,/L

sz | 195 | 71,500 | 2.93E | 8000 | Kcalll | 239 | Kg

*xH 18.9 69,300 2.93E | 7800 | Kcal/lL | **2.26 | Kg
o -04 COo,/L

R 20.2 74,100 3.10E | 8800 | Kcal/L | **2.73 Kg

-04 CO,/L
A | 200 | 73300 |3.07E|9600 | Kcalll | 295 | Kg
-04 CO,/L
= | 175 | 56100 | 2.35 | 9900 | Kcall | 233 | Kg
" g E-04 M3 CO,/
(LNG) M?®
itz | 172 | 63100 |2.64E | 6635 | KcallL | 175 | Kg
o .04 CO,/L
(LPG)

?#-’ Kk BRI R (2013)
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AR Y 44 VRPSDP B AL > R e 5t 4R 8 R R i
VUBREEE B 2 0402 Lingo RE RS KRR AEN 2 > 1R L RRITH A
- BRI SN R R ORISR E RS Pz P

gt 2 3 F B odds v pifst - E3 TP D

1o i hde S S48 dple prE~3 R 4Z(VRPSDP)#c# #3) -
2. #ﬁﬁ» BLfZrd 2 ool Bgmie & A o

3. FE AR IAARN YHEE - F P2 R EEIR

32 H&EHI FE&2 PELRP

321 A &R

1. nBZ K& ek E4pF JRFE gt%aﬁéﬁ%%o

2. KE]‘-—- Z‘ﬂ‘&p%(ﬁo1$‘:‘ ‘\.s) ’ Aiﬁi‘]ﬁ ! «\!:v ? 4 7L‘:J\' ‘3’*&? liﬂ'l@&" T_
ﬂm%%’ipfﬁr%%&si&Zﬁgﬁﬂmo

&

- & BLY R acd - §8P JRAF > T R PRFE- X o
- T R g AR o
iﬁiﬁ FiE{T - PERA o

- F AR FERL I8
BAROE RS T REE T i QED HR{LE -
KBS T RELT - AR BRI o
i

SR . T

TN 1

© o N oo O &~ W
F_*

I FH e

322 © awEp
L F - f A § AR R )
_'Eiﬁi“ o

N
[T

5
9,

w
oS
|

Z RBEe g dvo TELBBLTRRAR A BT fe ik ¢ L FEAR S Ao
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3.2.3 &F FHpP

Ko Mk M AR B 2 VRPSDP Hef 732 B B
SR TR Sl R

1. B3RP

LEfEBE S =0 b ik

I - [ = {0,1,...,71} el
j g kEEY kA& IEE j={12,..,n}€]
R TS EELR S I JeR
V kﬁiﬁiﬁé‘ k={1,...,m}EV
2. %k
ij KRB ARG KB 2 R
d; EEERRERE

=
IR

EE RN

D 3 LER 3 ST

1024 k @R 3  ))

Xijk

0: H

1: 2 dmk 7 B 1 PRGx
YVki

0: H
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3.24 #&FHN
%ﬁd i mf’*%’ikﬁ i\aﬂ#& - f@:ﬁt?fi;' » Hig * AT LB
‘“&?%m O ehp R mﬁﬁ:li mﬂ'x o

P #& 3 #k(Objective Function)

n m n m
2 Z Cij Xijk ° 2 2 Xojk (1)
k= k=

0 j=0 j=1 k=1
PR (D) fm &2 F fg™ > E5 R 2Rk iU 2 [FRED

2, E‘ i3 . /L
N /J 1= °

n
Minimize

[y

i

"L 4| i% & (Constraints):

ZdiykiéD, ,jERi#jkeV (2)
n
ZpiykiéD, ,jERi#jkeV (3)
i=1

LHIN(QB) 5 B AR it HBLIRARFE A i AT P R 1 E ) 0

m
Zyki=1,iER 4)
k=1

UL (A)FE RS R E - S BEE R R RIE- & -

m n

dO)’kj:z dl-xijk l,]ER,I:/:],kEV (5)
1 e

n
k= i=0 j=1
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LG A T B AR Y R 2 PR R RN LPER

o
m n n
D povig=) ) pixie Lj€Ri#jkeV ©)
k=1 i=0j=1

SEIFIGER RV S W -E R L SHE 13 S - S 15 Sl LN CF

z dlykl Z PiYVki + (pl ) z xijk
i:
= z diyii + Z PiVki
i=0 i=0

(7)

A MEF DR ELBZ PEA LB ERE RESE [ F R

m

Z doYkj =D (8)
k=1

m
z PoYkj =D 9)
k=1

FI8@) Q) A T B mhfeiE? M gF A w kpFD 2 PUE A WAL D R

£ e

25



n

injk=ykj ,l,]ER,lij

i=0
n
zxijk =Yki LjERI#]
j=0
ZinjkélSl—l, SCcl
i,j ESxS

LHF(10)(11)(12) 5 Fe e B d@ 2 BT 5 7 (73R B o

Zdlykl—o ,jERi#j,keV

n
E}wwéo i,jERi#jKEV
i=1

7L
B o

"gh‘{

L (13)(14) 4 T H B P E £

dléO,pLEO,DEO i €ER

"L 58 (15) % o1

e

SEP g ARE AR EF AL

33 WREFH 22 LINGO fz 214 3

(10)

(11)

(12)

(13)

(14)

(15)

AR S LR BASSATT R BE R KRR AL W
;331 81 335k AT 2 REIFE 2 T AR EHIF L 22

Ao e it MEIRFE RS BB - B PR T P A FET
CE A gy B R fER.3.3.6 8 5 BTN 2 b RIRAE > &

She
—

CRER R uR 2|

$AFT TR 2 Wk o RGRR A BEREE 2 2§ ok

M 3.3.7 & 5 Lingo B L oc e 7 R fF 2 SnAR o
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331 R FE AR

TR 3270 AT MRFEF A

Hss

#Faisit

EiFEE

EEFEE
Vs

= —_— £

B 3.2 8k q 5 2 AL
332 #EA 4t

Ao (0 B NG R AT Y ATIE FAREIR B U2 2 (N S B SR B dem >
BEFEFF (@ P~ AL R AT AL FH % B Q - W (ij)z i
LAy (5 BEd2 8 Udy) ~ = - 588 (1)) Fui 5 AT~ SR K &s -
SFAN)TT TR AL R RATS A KRR LR KR D B
FAR A R REIFE 2 0 AT HT R4 Dorigo(1997)z # A R
B BT o

Ak = {Q/dij ke de (1)) g EE T
U 0 @ E]IJ
He AT IR BE A Y BB O 5

27



dij = \/(xi — %)%+ (i —¥))?

mo-H AT R L T R A BRRACT
| 1 2 3 j
1 dis dis dis d;
2 Ao A A ds;
3 das dzs dzs d;
i dis dis dia d;

3.3.3 R (BRI RIS §)
Rizz 2B > A daT kE
Flr o F KB EEf
PR rE - QBIRZ R 2B RS BEB B I L P 0 Fad k TGk
SP A ARAEE AN
(Tij)a(nij)ﬂ
P = Yem, (Ti)*(mi)F
0 - otherwise
He Miv % k £856%k4 i 2 S ARRE T A @?ﬁll’&ﬁ T AAT P K
- B R Ao &Rkl m) ai& 7R DHPNELF LD
LEFSES d o PRI AERRSY AHFNLF R LR L -

334 &7 RSB Y TR

Aag 41254132 a5k T - X RPRYER A AR P
mé@ﬁ%%hvﬁﬁémi%i%%’&ﬁ—wa%M§%é—ﬁiémw®$
PHIEBRFMEATULERETIATE BEST R ESIRE BT R S
ERIR AR UG EE NS E ;.3: ?ﬁﬁ,ﬁiﬁ%ﬁ SIS
(2013)# B~ ASRank £* MMAS { #73 ;% » e btk ~ 4 % (2007)#% 7/ 8 =



-

;ztt%“‘?’ﬁr’éttﬁiﬁx
8% LR (R e
f22_ 4§ é*um 2o AT HEYGERBAZT Y Z SR D2

VRPSDP&'—‘%‘?ﬁ—“ |2 L L AT RS

335 ¥ty kiR

AFT 3 2 Mk ik i (termination condition) 5 % KT A A F 2 H ¢ - aF

*P%%@ﬁi%aﬁﬁaﬁg@ﬁ%wzﬁJﬁéﬁo

1, @ FAEEIN AR T2 PRI R B R 2288 0 F R
FREFEINSELHFEE o dok TR =Hic: 500 % > £ 7 AN H T
% 500 xfﬁf)jﬁfﬁ?ié& {7 o

2. #%3 BB LN 2578 (A Ea gzl [ fI&? Pk f2NiF o doidp ik
i@%ﬁ’:“ S GRS BPREARITY R - FEE > TV R AEHGF

3.3.6 /ﬁ pE R Nt BL:| pi‘“{E}i

A ELFEERGRREE AT P 3(2014) hm i 2 F
B 2 GRATER Y GhZ BARM LR RS g B KRG RIGE BIAE 0 RIS AE
& % Chan-Jin Chung ¥2 Robert G. Reynolds #74£ % 2_ A testbed for solving
optimization problems using cultural algorithms #7& 11> 2 & p -8 & & % pt
BT S RBFEAF LRI ZIFE I Foxo

RIFFEH 1
Maximize X,(70 — 4X;) + X,(150 — 15X,) — 100 — 15X, — 15X,
Constraints
0<X, <10
0<X,<10
¢ arfi ¥y X1=6.87612247, X,=4.49936247 # it &= 392.8125

29



3 32BFEEG LRSS

Hat |L 0 TR 3agpan | PR
(%) (%)
X, |687612247| 0 6.87612247
X, |449936247| 0 4.49936247
Optimal | 3928125 | 0 392.8125

3X1 +X2 - 2X3 + 08 4X1 - ZXZ + X3

Maximize — X, 7 X, | 7% + 3%, — X,

Constraints
X, +X, —X; <1

X, 4+ X, —X; < —1

12X, + 5X, + 12X, < 34.8

12X, + 12X, + 7X5 < 29.1

—6X, + X, + X3 < —4.1
0<X;<4i=123
¢ iz ¥y Xi=1, Xo=0, X3=0, & &=2.47142863

. 33 REEG2RREEE

H &3 HAL 3 =% B iE T 45 eSS
(%) £ (%)
X1 1 0 1 0
X2 0 0 0 0
X3 0 0 0 0
Optimal 2.47142863 0 2.47142863 0
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4

9

Minimize 5x; + 5x, + 5x3 + 5x, — SZ x? — Z Vi

i=1
Constraints

2X1 + 2x, + yo + vy, < 10
2X1 + 2x3 + yo + yg < 10
2Xy + 2x3 +y; +y5 <10
—8x1+y, <0
—8x, +y, <0
—8x3+ys <0
—Y11tYs =0
—y3+y;, =0
—Ystyg =0
0<x,=<1i=1,23,4
0<y;,<1i=1,273459
0<y;,i=6,78

_2X4
_ZXZ

_2X4

i=1

« iz ¥y f(XY)=(1,1,1,1,1,1,1,1,1,3,3,31)FF » & if j#=-15
3 34 PlREEHIPRESE
H == I 352® .—:.
LS N+ N 3% kit T 7oA
(%) (%)
Optimal -15 0 -14.59 2.7
o ._.F 1 = é_ J‘zq’;:&l;l]‘? I,,;rr' ’

=
g
™
|
5
?“
H-—
(A—\w
>\_
ht!

¥
Ty
_.\'
?E-\-

3.3.7 Lingo ﬁkiﬁ:ﬁﬁ;ﬁ%

ARy % Lingo g i ok RfzMmpPpEimM gt PRl 2 1k

LINGO 2 % 7 — fb it 08 g = o 7 v i f chd i R4 AT 0 7
# LINGO % »cenffd B7 foig Rfas A 4958 % 5 5 &% ib— 46 Rja-
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# (k5% 0 2011)> T £ 35 S FEA R v R B Lingo £ XGRS T
Ffr A HREAET (T o

# 3.5Lingo K%z R AE

g+ & L AL

LIPS 2011 RPKFA Ry
TR g 2013 o P ke Bt

FliE R 2011 't &z e RS

EN) ¥z 2010 BT AT S Y e d R R

Step 14295 322 & A 7 & I 2 BcF WM A BAEF 2 R * o) SRR
(Minimal Spanning Tree) k i® % i85 2 F A AKX 2 o

4=®
H 6

frr’-&r_")a Nl]}rt‘fﬂﬁ‘!:,,rf{ﬂ,é:,l E!}g\!:”?’g'%igﬁ"é_*'&4h‘t!%/¢4"
rﬁ‘%l;&,ﬁé’«.‘l\’“‘*llﬂ;ér,ﬁ&- AL P B —‘,—;5;@;7}5.’@,;{1%?4
(PepE ) LAz s A AfsaF N-1iE -
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Step 2 : & 8hL(i)& & 2h(j)2 P BB & L4 o

- agh(K)m 7 %R e - @) r o o e gk
g ¥ - SEE() A S ER()e S E()L B AT RGN

WA e g2 TR E G 1F] 0 orhe )0 Bleng 4 i i
HBE dot Bla 283560

PR D35 322 M2 RN P RS HE F4R

Stepl: 7|4 p &Sk

n n

m n m
Minimizez z Cij Xijk Z Z Xojk

i=0 j=0 k=1 Jj=1k=1

Step 2 : i {7 Lingo % 11 % %

33
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F7 Fpz o
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HWipwo %= %

J

3 oy

=

7}‘-'. o

Yyr ¥ F0ERE

#42 E A
g+ 12 Solomon Benchmark 38 & ¢ 75~ i)
VRP F %{1#’?&;& Fe =

4.1 RFIFE 2 Ry

B IJIJFI '}—'— s ]t fE'—..» j\ﬁ#d‘ﬁﬂ

A4

B

"E R EE B % S Lingo Rfzindm o A
R A MRS B
Al 20 FK AT

B R F] S Bk 304 5 Dorigo(1997) tde 4 fT 7 & RFEF R 2 A
®1~2 2 F > BBiE A 1~3-p=1]0.1,0.3,0.5,0.7,09]7 2 Q=100 2 F AL
do P A ARk g o Lo AR B2 v pFT AR IZRE AR et 0 B A
3 e * a€[l,2] ~ BE[1,2,3] ~ p =[0.1,0.3,0.5,0.7,0.9]45 31 > =@ bh ik BTy
IR B dmlcE A5 THE > 4 ;I}U{:L&g A 24 2*3*5*%5=150 f& = &
% TIEH A 150 e s Sl PRREes o

411 #61%%

=% 1 p=01-0a=1-BE[L3] HFrT
(o.p) (L.1) (1.2) (1.3)

k 3 4 3 4 3 4
L_best | 87.5723 | 78.4996 | 83.2504 | 80.4964 81.0532 78.3505
5 %2 p=01-0=2- BE[L3] HFrT

(o) (2.1) (2.2) (2,3)

k 3 4 3 4 3 4
L_best 111.2294 | 99.5713 | 87.6266 | 81.2023 | 89.5372 90.0642
% %3 p=03-0=1-BE[L3] HFimT

(o.p) (L.1) (1.2) (1.3)
k 3 4 3 4 3 4
L_best 94.0722 91.3792 92.2000 | 83.3248 | 81.8308 | 90.0670
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% % 4 p=03- 022 BE[L,3] HimT

(@) (2.1) (2.2) (2.3)

k 3 4 3 4 3 4
L_best 116.0804 | 128.9099 | 99.2078 | 98.8762 | 86.7308 | 92.8184
= %5 p=05-a=1pE[L,3] T

(@) (L,1) (1,2) (L,3)

k 3 4 3 4 3 4
L_best 105.9158 101.7235 | 93.3781 | 87.2162 | 94.2654 | 81.2023
= %6 p=05-a=2 BE[L,3] T

(0,B) (2,1) (2,2) (2,3)
k 3 4 3 4 3 4
L_best 138.5769 | 120.5577 | 127.8837 | 92.6667 | 89.1970 | 106.9876
%% 7: p=07a=1~BE[L,3] HFirT
(o) (1.1) (1.2) (1.3)
k 3 4 3 4 3 4 5
L best | 111.3261 | 116.8549 | 99.1189 | 88.3559 | 87.8248 | 4z ! | 87.843
g | 1
= %8 p=070a=2- BE[L3] HFrT
(o) (2.1) (2.2) (2.3)
k 3 4 3 4 3 4
L_best 124.1183 114.3021 | 118.6057 | 104.1173 | 98.4438 | 83.4996
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%% 9 p=09-a=1-pe[L,3] FmT

(0,) (1.1) (1,2) (1,3)
k 3 4 5 3 4 5 3 4
L_best 137. | 119. | 105.1 | 119.302 | 112.937 | 95.201 | 101.896 | 95.673
0526 | 1620 | 762 6 4 8 5 8
% % 10: p=0.9~0=2~BE[L,3] FinT
(0,B) (2,2) 2,2) (2,3)
K 3 4 5 3 4 5 3 4 5
L_best 152. | 111. | 107. | 116.2 | 87.57 | 101.3 | 101.2 | 89.565 | 4z
6642 | 5899 | 2973 781 60 884 159 3 il
ERrRNREES  FEI AR R LD -
p=01-0"1-P=3 FinTF Rt
(o,B) (1,3)
k 3 4
L_best 81.0532 78.3505

A & A SR T EEY 5 78.3505 e Bl AR L B K Pl Rl

M AL R B F R E o PR E B RS H R RS
A 2802 2§ PaPEg ty 2Rk FRESEK w ATy
{4 P jelic s 3 B /TEE4E 81.0532 = % (4%78.3505>3*81.0532) » @ FR %
Fot Bfme AR RS EY R T VR SR R Y EER LG
= % o
WP FEE =D REER L AR LB L ik

3 *81.0532 * 10.73 * 0.786 = 2050.75457(L/100km)
COL % =2 ™ (75 2 f2*CO, 3% A #*i T ik

3 *81.0532 * 2.26 * 0.8703 = 478.265268(")
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4 Solomon Benchmark m]%\p e 20 5 F KERi- ¥ B 1 2 bk 150
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il 1 X y S o
Aot v 9.6 11.2
1 3.7 13.1 5
2 3.3 19.4 1
3 18.6 12 2
4 13 3.8 2
5 3.3 1.1 7
6 8.3 7.2 3
7 0.1 19.9 6
8 1.7 19.1 3
LINGO 11.0 Solver Status [test5]
Solver Btatuz Variables
. Total:
Model Class: INLE Moy ii%
State: Global Opt Tintegers: 105
Objective: 102 . 8 Cameiatats
Infeasibility: 1] Total: 36l
) Wonlinesr: 147
Tterations: 60140
Nonzeros
Extended Solver Status Tm}a.l: 1130
Sl e Glohal Nonlinear: 2ds
Biest Obj: 102.8 Generator Memory Used (K)
(1bj Bownd: 102.8 8%
Steps: 1 Elapsed Funtime (hhommess)
Active: g 00:05:35
Update Interval: |2 | Cloze
B 45 %6]1 3 4mp #5558 Rfzg %
# 4.1 Lingo % t]— 2%
R
R~ }F*J% ‘;%i &)
o &% iR LRF A0
Z(p @) 102.8 102.8 0 0%

d & 41 £f2% %7 > 27 & Lingo &% VRP ' 45 + BB 5

DR HBRLERPETHLE S 0%
40



422 |- &%

LINGO 11.0 Solver Status [test5)
Solver Status Variables
. Total: 331
Fodel Class: INLF
Nonlinear: 147
State: Slobal Opt Tntegers: 105
Objective: 79.4735 Comaimints
Infeasibility: 0 Total: J61
Nonlinear: 147
Ierations: 43169
Nonzeros
Extended Solver Status Total: 1130
Salver Type Global Nonlinear: 245
Best Obj: 70 4735 Generator Memory Uzed (K
Obj Bound: 79.4735 87
Steps: 1 Elapzed FEuntime (hhommss)
et o 00:03:35
Update Interval: |2 | Clos

B 4.6 %6122 fmp 4% a0 5% Rz

W
)‘m

B gmit ¥k B i JE PR

sy 4 79.4735 34 35

e AL R =B R R AR L BN 1 Gk

4 *79.4735*10.73 * 0.786 = 2681.0481 (L/100km)
CO, %8 = fmilc™ 75 2 f2*CO, 3 % (i  1 hdkc

4 *79.4735* 2.26 * 0.8703 = 625.2587 ()
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81.0532 ~ 78.3505 > £ {4 5 B dmar AL ¥ o s E AR LR 3
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478.2653 -
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