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TCO-SP modeldE X1k

min z (cd X Dy, + cf)xk
k€K

S [

ank-xk=1VWEW
keEK

{1 (if vehicle k is used)
X =

0 (otherwise)
I 1 (w € W is visited by vehicle k)
wk ™10 (otherwise)
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Description of the MTM-D2PDCA
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Description of the MTM-D2P
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Definition

MFeasible trip of W, : 0> S;p > a or a—> Sy, —>a
TRO)FLFZEEQZEZEHREL, FINEGHEITNTHE
LELET, EEAW,NOBELEZZEIZED
)y 7

Mlocal optimal trip of W, : Isg, Is&
EEW,COVWTORTAEEMN )Y TD S5, BEE
BENN/INETGRDB Ny T, B —RKN2IEEH D=8,
FRI—DEEW, B L T2EEH 5.

WM Trip—chain : (IsQ)|isdy]|lss] - [ls& ]|, r e N
El—OEMmICE>TEINS1 DL EDlocal optimal
trip(s) MER Y. B/ —KRIETRELS.
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TCO-SP modeldE X1k

min z (cd X Dy, + cf)xk
k€K

S [

ank-xk=1VWEW
keEK

{1 (if vehicle k is used)
X =

0 (otherwise)
I 1 (w € W is visited by vehicle k)
wk ™10 (otherwise)
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Local optimal trip D4 E
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Trip chainZg D14 &E

M Theorem 3

L ocal optimal tripa#tHn, trip-chain® k1)~ T$m
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3. The exact algorithm

SEXFEMNDL R DBEBMERDHST7ILT) X L%E
=3P-TCO-SP algorithm

1. Local optimal trips are obtained

2. All feasible trip chains are constructed
3. TCO-SP model is solved using CPLEX

.
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Phase 1: generating local optimal trips
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Phase1 generating local optimal trips
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Phase1 generating local optimal trips

Input: the set of the customer nodes (W)
Output: the set of local optimal trips of W (LS)

Step (1) Initialization: — R =1 fe
W g BE/— RwoBERzKEEE L,
or al!lll::‘l’"i’rEn;vWindﬂw[E b, Ew, Ly, ) EIJ%H#ZIJJ: BEG) E L\J”E =W é-: m’z U\%é-l% A %)

Sort (eg,. w)
Step (2) Construction of all subsets of W in which the customers have the same arrival time at the airport:
Repeat

Choose we W

Wq - un [W]

R B EBAREOEL > TN oWEE EHT

for all u e W/{w) E.‘Béj\éééWq D<K 5B
If (e < I

SW— SWu W,
W — W/ {u}

Reduction of W

W — Wjiwj
Until W= &
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Phase1 generating local optimal trips

Step (3) Construction of all feasible trips of W:
Repeat
Choose W, € SW ENESWqDIIEF & £ /L
If (!CapacityCheck{Wy))
5q — ConstructSequence{ W)
If (1 DetourRestrictionCheck( 547)
SW— SW[{W,}
Until SW= &
do fo’I —ConstructFeasibleTripsD{5,)
FT,, —ConstructFeasibleTripsA(Sg)
Step (4) Selection of local optimal trips:
Repeat
Choose ftg, € FT;
do dy, —Distance (ﬁ‘;n:]

FRED )Y TO5 5,
e TRCEEBTHC LT

D3 — Dy u {ds,} Local optimal trip % 1£3=
fsq':' — Eumpureﬂismrlre(ﬂsj}
15" — 15" u s}

Reduction ufFIg:

FT — FTS [ {ftn }
Until FT® = &
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Phase1 generating local optimal trips

Repeat
Choose fig, € FT;
do dgn — Distance (ﬂ‘:nJ
Dy — &
0 — DU {d}
||5: — Eﬂﬂipﬂf‘f‘ﬂﬁ[‘ﬂﬂﬂ?[ﬂ;}
15" o 157 u {Isp }

Reduction of .FT:;
Until FT'; = &
do LS — I5° U Ls®

THEEON) Y TDS B,
IARTELERTH_ET
Local optimal trip Z1E%

Step (5) Output the set of local optimal trips of W (LS).
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Phase? buillding feasible trip—chains

Local optimal tripZ#8 & &1 Ttrip chanz D<K %
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Mtrip-chank OIS RILELTIZEERT D

Ry = {txw tkar Tkw Tra» Di» Wi, Vi }

trw tra: BFEFRZID LR & R
Trw Tra: BIERZ D LR & TR

W, = {Wt, .., wy, ..., wi}
R/ —RweW={12,.m}ZELLBoW) =1, TN 50

Ve ={V¢, .., VF, .., Vi}}
:local optimal trip pIZE)ZFERIRER BV = 1, ZH LS G50
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Mtrip—chain k= trip-chain k” (tripi’ —-- )+ tripi & Zx %

d
tku=5ﬁs ) tkd=6i'5 ) Tkuzdilél,
d; d ;
Trrg+35 (Trrg > 0
Tea = a ey Pe= Z 4
0ic (Tyrg < 0 p=i’

§ir., 85 itrip ' DHERKZIO LR, TR
SE 8% itripi DEEREZ O LR, TR
Si:tripi O HEFEZI DO TR
Ty q:trip chain k' D RFRZIO TR
d;: local optimal trip iD EFTERE]
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Phase? buillding feasible trip—chains

Local optimal tripZ#8 & &1 Ttrip chanz D<K %
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Phase?

Procedure Label Algorithm (LA)
Input: the set of local optimal trips (LS)
Output: the set of labels of all the feasible trip-chains (L)
Step (1) Imitialization:
for all kj, € Kj,
do L, — &
K'= K; ]
E=K
Step (2) Exploration of the successors of each trip-chain:
Repeat

Choose K' € E
for all k' € K'
for all j € Succ(k")
do F,'J' —
for all R, = [tku. txd, Tius Tkd, D, Wi, Vi) € Li
doif Vi, =0
Extend(Ry, j)
If (NULL! = Extend(Ry, j))
Fij —F; U Extend(Ry,j)
L —LuUF;
if L; has changed
K=K u{k)
E—EuK
E — E[{K}
L—Lul;
Until E= &

TREIN) Y THhBED
Trip—chain& 4 i

1)y FiTH# 4 B trip—chain

[ZDULNT,
ChainlzZ@aWy b ) w D9 RXRT %
?’ﬁ“i

ENDEGHEIEIDORITT,
Jﬁ’%’éb U Mtrip—chainfE 4 1280
ERTR M 51 H Y Dtrip-chain
HIl kR
SBRRARNGELLBRDETRE

Step (3) Output the set of labels of all the feasible trip-chains (L).
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B2 129 5 EIE

M [ heorem4

MTM-D2PDCAD s @R Tl, I X T Dtrip—chainl
local optimal trip/M SER =N B

(#REL)

Computational results of CLOT and simple enumeration (5E) in phase 1.

Instance name Algorithm NT NFTC CT, (ms) CT, (ms) CT, (s) MTOC
R40RBO CLOT 120 10850 37 51 0.2 2512.03
R40RBO SE 124 11572 40 84 0.41 2512.03
R50C100 CLOT 196 276551 86 1266 7.29 2704.75
R50C100 SE 204 287821 125 3499 24,98 2704.75
R120R300 CLOT 380 168240 283 4052 88.36 8965.9
R120R300 SE 390 173355 829 4215 85.5 8965.9

NT is the number of trips. In CLOT, the trip is all the local optimal trip. In SE, the trip is all the feasible trips.
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4 .Computational Result

DRYYy TF A4 OHPEHEIRET S
@single—trip Emulti-tripZ 3 X FEHA B LLET 5
QENRTILT A PEMETHEI N RERICSZ 5
ZETR D

B JILOERER

- BE ./ — ROoMEN LS

- BEE/ — R

- time-window 4% (Clustered(9h) or Random(14h))
] Eﬁgéﬁ The basic parameters of an instance.

Parameter name Value
Maximum duration of time window 30 min
Speed of the vehicles 40
Ride time coefficient 1.5
Capacity of the vehicles (except the drivers) 4
Vertical and horizontal coordinates of the depot (20,30)
Vertical and horizontal coordinates of the airport (50,30)
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Number of trip-chains for various instances and constraints.

Instance name NC NLOT NTC NFTC without VD NFTC PI (%)
RZ0R40 20 54 7.82E+04 36608 450 98.77
R25R50 25 60 2 46E+05 191219 1242 99,35
R3I0RG0O 30 20 1.05E+07 1400951 2643 99.81
R35R70 35 106 1.26E+09 2308882 4080 99.82
R40R80 40 120 3.46E+19 - 10850 -
R45R90 45 146 3.45E+23 - 20061 -
R50R100 50 172 3.33E+27 - 19072 -
R20C40 20 94 1.39E+08 448 448 0.00
R25C50 25 110 2.61E+09 2214 2214 0.00
R30C60 30 132 1.42E+11 6029 6029 0.00
R35C70 35 144 1.24E+2 35246 35246 0.00
R40C80 40 158 1.54E+13 113594 113594 0.00
R45C90 45 176 3.87E+14 193088 167256 13.38
R50C100 50 196 1.38E+16 667678 276551 53.58

MR20C40 : fIEMNT VA L, BER/ — K20, TWY S X4 —, BR#40
BE/—R12HEYEH2A, B=70%, EmEITLEREOGH

NC:EEZE #8%%, NLOT:local optimal tripfa%&, NTC:trip—chainZg_t[R
NFTC : feasible trip—chain#t, Pl: EfTERA%I DL E

NTCIEKRE LAY, NFTCIEIE S Mz, (HIMORhER)

ERETRBLIENKELLLEHIFE, NFTCIEFAHBIZKELLGD
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Proportions of feasible and optimal trip-chains with various numbers of local optimal trips.

+ B _==

‘A AN

7~

TR RE

Instance name NFTC RFL (%) AUV ROL (%)
1-3 4-6 7- 1-3 4-6 7-

R20R40 450 62.2 378 0.0 5 60.0 40.0 0.0
R25R50 1242 434 56.6 0.0 6 66.7 333 0.0
R30R60 2643 36.7 62.7 0.6 6 333 66.7 0.0
R35R70 4080 315 67.6 0.9 g 77.8 222 0.0
R40R80 10850 209 773 1.8 9 55.6 44.4 0.0
R45R90 20061 152 782 6.6 g 44.4 55.6 0.0
R50R100 19072 18.7 79.4 1.9 1 7237 273 0.0
R20C40 448 64.5 355 0.0 7 100.0 0.0 0.0
R25C50 2214 342 65.8 0.0 8 100.0 0.0 0.0
R30C60 6029 228 75.0 22 9 100.0 0.0 0.0
R35C70 35246 8.1 784 13.5 8 75.0 250 0.0
R40C80 113594 4.1 69.8 26.1 8 62.5 375 0.0
R45C90 167256 38 704 25.8 8 250 75.0 0.0
R50C100 276551 ER 67.9 29.0 g 66.7 333 0.0

> VD=6h

AUV EFER &
RFL:&H B4EFED M) v THh 5 7 5 feasible trip chainDE&
ROL:&p B4EFED R ) w THH S 75 Boptimal trip chainDE|&

TLL EDtriphH 573 B trip—chainld A 728 U 273 0y

S>RENDWERDITBH & ZIZIZ,
trip—chainDER T dtripfz D<K LTEHE+REEL

\Z B
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Results for various instances with VD =6, fi= 70%.

single

or multi=trip-

Instance name NLOT MNFTC CT, (ms) CT; (ms) CT5(s) MTOC sTOC
R20R40- 54 450 25 [ 0.05 1354.41 1418.14
R25R50- 60 1242 24 9 0.08 172491 1991.67
R30RG0- 80 2643 43 18 0.06 1799.22 228437
R35R70- 106 4080 46 25 0.13 2414.69 2475.01
R40ORB0- 120 10850 37 51 0.2 251203 285039
R45R90- 146 20061 50 99 1.2 2679.25 325099
R50R100- 172 19072 65 88 0.17 3470795 3588.25
R20C40- 94 448 24 6 0.03 1764.07 1195.89
R25C50- 110 2214 36 11 0.05 2068.43 1501.31
R30C60- 132 6029 27 25 0.06 2291.64 1744.82
R35C70- 144 35246 27 93 04 217848 2265.21
R40C30- 158 113594 56 387 1.49 228197 2652.37
R45C90- 176 167256 54 635 332 2406.79 3048.71
R50C100 196 276551 86 1266 7.29 2704.75 34126
single trip 1 cq = 2,¢, = 10(RMB) taxiX— X

multi trip : ¢4 = 0.6, ¢, = 200(RMB)

CTETHE K (s),

rental car X— X

MTOC : multi-tripd#& 3 X &, STOC:single tripd@#& 3 X b
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=+ E # B —single or multi-trip-

4500 = MTOC
4000 il STOC

10% 30% 50% 70% 90%

g
Fig. 6. Total operating costs for single-trip and multi-trip modes
versus customer satisfaction threshold .

4000 4000
3500 3500
3000 - 3000 -
2500 2500 -
2000 —— ——MOTC
1500 - —t—MOTC 1500 - -~ STOC
1000 - - STOC 1000
500 + 500 -
0 : 0
T SR . SR N L \ e \
N & & & & &S s
FLFLSTFS S S & &S S S E
SISO PP S S i g i o
& ¥ LS
Instance Instance

(a) Total operating costs with R-type DDTW  (b) Total operating costs with C-type DDTW 38
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Computational results of different number of the customers per customer point.

Instance name MNc NLOT NFTC CT; (ms) CT» (ms) CT5 (s) MTOC STOC
R40R40 1 146 16186 148 127 0.36 2247.59 2464.02
R40R55 1.375 138 14244 177 111 0.47 2260.04 2543.12
R40RG66 1.65 134 12743 84 103 0.42 2260.04 2614.58
R40RS80 2 120 10850 37 3 0.2 2512.03 2850.39
R40R100 25 102 7140 49 54 0.2 2648.42 3172.00
R40R117 2925 84 5323 69 38 0.17 2900.15 3547.25
R40R133 3.325 84 5161 33 37 0.14 2917.90 3532.09
R40R160 4 30 4945 36 34 0.11 3120.00 3671.05
4000
3500
3000
2500
2000 e MTOC
1500 -~ STOC
1000
500
0
1 2 3 4
Ne

Fig. 8. Comparison of total costs between single-trip and multi-trip modes with different Nc.
BE/ — Y OBETHEMNMEZDIEZTEMULIDIZS KN EF?
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BMCPLEXTHZRICB - > L LTHD

The running time, the lower and upper bounds and the optimality gaps value of different instances obtained from CPLEX.

Instance name Running time (s) Upper bound Lower bound Gap (%)
R20R20 2001 1348 942 30
R2Z0R30 1263 1350 928 31
R20R40 954 1358 1010 26
R20R50 5974 1826 1643 10
R20RG0 3954 1852 1405 24

N 1,trip j is finished directly after trip i by vehicle k
U0, otherwise

BAAYO7ILTY) XATHE

The results and running times from the proposed approach for the instances in Table 7.

Instance name CT, (ms) CT, (ms) CT; (s) MTOC

R20R20 142 14 0.05 1345.06
R20R30 42 10 0.02 1346.34
R20R40 25 [ 0.05 1354.41
R20R50 24 8 0.02 1813.96

R20RG60 39 7 0.03 1835.46
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- trip—chain—oriented set—partitioning(TCO-SP) model
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