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[Abstract]

In this paper, we propose “flexible routing with flex” to provide fast delivery by using the flexible
routing for the delivery vehicle and crowd-shipper named flex. To this end, we have introduced an
algorithm that can build the delivery plan for delivery vehicles and flexes. The introduced algorithm
uses the 2-opt algorithm to construct routes with low complexity and acceptable quality, and the revised
saving algorithm to assign customer orders to the flex. The algorithm allows the vehicle and the flex to
function complement each other without separating the delivery vehicle from the flex. The experiments
consider the 3 different instances named Random, Mixed, Cluster, and show that “the flexible routing
with flex” has a better result than “vehicle only”. The sensitivity analysis of the flex cost and time
penalty shows “the flexible routing with flex” can provide better service not only to the customers who

are serviced by flex but also to the customers who are serviced by the delivery vehicle.
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Table 3. The simulation results for the flexible routing with flex scenarios (*-
clustered
shows the average result of the 20 repeated simulation runs.

scenarios(*-V2,*-V3,%-V4) in the Random,
customer is 390 and flex is 150. The table

Mixed,

V2F) and vehicle only
instances. The number of the Generated

Instance Random Mixed Clustered
Scenario R-V2F | R-V2 R-V3 R-V4 | M-V2F | M1-V2 | M-V3 | M-V4 | C-V2F | C-V2 | C-V3 | C-V4
# of served customer | 334.9 | 150.6 | 259.1 | 352.4 | 3420 | 153.7 | 292.8 | 369.8 | 340.0 | 154.7 | 286.9 | 366.2
Average delivery 37.2 | 138.7 | 54.0 268 37.1 111.2 | 423 18.9 357 | 115.2 | 437 19.7
latency(min)
Average customer lead | 89.9 | 203.4 | 117.2 | 73.2 868 | 1867 | 104.8 | 67.0 873 | 188.9 | 107.2 | 67.5
time(min)
# of customer served by| 264.4 | 390 390 390 266.2 | 390.0 | 390.0 390 265.1 | 390.0 | 390.0 390
the vehicle
Average customer lead
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ers Latency:120 min ~| 7.7 129.5 12.2 0 124 105.9 9.1 1.0 12.9 109.0 1.4 1.1
$ole ALRI(-V2+-V3a-VA] TS HolRch  g3el eRjo) ujs) o e 2o w7 A AASS
olg $3l 9 Brlel B2 Yo FYL APTS  BolFCH ® R-V2FOIM WA B3t 5 %ﬂ wm ul&

A}Q.s}: 7]59] H]—/\ly_} H]_ﬁl_ —‘?—/\46}_ﬂx} a}q

£390] o] ABRIAOA S JJXIQ} ZHAE 525}
-V2F)2 AFgRbe 2,34 AREshe AlUE]e
(+-V2, «-V3)ol] A AL Bl 2 2, 14 B 2]
crlY) £ RE ZolA] 2915 HILE & Af 42 o8
She Alue] 9t Bl W sHGS T 99 20| ZAsA|RE o
&) A2k 4o} SAfeh AntE RolEn) Al Hjg 17
e *+-V2E7F +-V30|| OfsiM= et 15.2% § W2 40
S SIS ol SR VA «-V2F
HO}6.1% O %2 A viS 178 25 7HX]X]SE, 280
L A & } *-V2FECH 28] O w2 2 71t
o Hz ¥ Mixed?} Clusteredof vlsf
A} Randome] © 71 x}eF 2388 A|7FS- 71RIC} o] K]a]
Ao 7 ¢ A= Random?] IHEZ Qsf, A &
AP} oloisi7] WRolck, xie) SJ3} 2% R-V2Fo]
A 138], M-V2F9] 15.45], C-V2F2] 15.18]2 11780] =
A2 235t RandomolA] AlY At Al 5339 AA
Ha B& ARRfo] AuAgh 178 2658 HS2 Ak
of. RandomofAl= 278 b A2t ¢ 24|,
RandomolA] 4:88% x}Q] 3JAP7F Mixedd Clustered

SRR

L.

IS

ol

2 26.2%=, o]= M-V2F9] 17.5%2} C
8] wsto] =2 fo|ch

Bt viS AA AR A S 7
AIZEe] Fatoltt. A RollA e 2417t
ojuio]l vjEL71E dstr] wiZofl, o] ARt S
off thsliA= A1 Alto] BASstaL, o= Hl%% ALk
T} QIAEIA i «-V2F7} »-V3 Tiy] 27.1% O &2 4
Ui A ARES 7RAAL, +-VAQE BlWSHS Wi
40.6% © 1 Wt viS XA ARES 7. +-V2F,
x-V3, x-V4 Q= 7700] 4 & A|7HE 3A|7F o]yl 2
Ol A7Hof|A] oF&3T BliE AIRFQI 2A17k9] 50% o]ufolct.
SHRIRE *-V39] AL X 8-S w2 178 0] Pt
*-V2FHT}E QIAE A S &of wha} 50~70Ho] iy oo g
*-V2F7} VSEUr 78 QEEO] QlojAl 2-9]ofl Qi with
2 *-VA9] & Tt R S A7 £7F «-V2FHET Q
ARA0) me} 16~18750] O A7] Wiwo]l *-V2Ft -V4
7 R SRlolAE QARRE E0lkR B 4 9l
QoA +-V2Fo] Z2Act xjeto] A
Alolg 1At} o]
vz 2740

N
i
41

r|

L

r

= O] AE|A

=

g e FHiE S 2 &



150 Journal of The Korea Society of Computer and Information

A EASH= 9, ApRol| 2 12 of2] wAS
ok W3 (milk-run)g2]o] A=2of oJaf Au]Aut]
tf2olct. ZHATE X2]st u7Be HAQ] 32% £FO 2,
ol SHAT} V3 AU oA ARF 107t &|2sh=
WSS FEshL leS EoFh

SAks AHY 298] 2ol 9= vAP] hiwol, &

227} swoﬂ 1 Al ggol gt #4o] Basich. 49
A= w= S MujAsH| 95 WaAo KT EA]
ol A0 A1 S0 2730] P\=eRlE SAPI] e
o slaskg st ot $UsH AR 20)2 o] &3k

*-V2Fe} x-V2& v|uwstH, ZAAZS 0]&5l= *-V2Fo]
A AARA it RA SR = 2.932] 2 ol ARG
ARB-SH= *-V29] 5.569]H 0} 52% O At} o] Fofl =
AATF 17AZ0] Ht 2je o= A Qofj=, =
712§ SRt 25 AaAle AL U S Qdth o
Ok IR} 4~ BAOIA *x-V2FQ} x-V3, x-V4ZF |15}/ |=
ofg]ZHl|, Ol *-V3e} *-V4oA ¥l 2Jxje} 3 SR}
7t Z7toke A2 +-VIFED 298 A 271 ZojUd
A &F=F 1071 Au|Asks 1780] 27} Rlobx] 7o) ojsk
o]7] tizolctt. ol 1/ 2|EEQlS TS| 9l
oJof] FU== AIFe &5 S8 Aol HAl =9 v
&2 37KA & Y5 HoEth
U8 1 A 238 ARHE
7] Sl AFgo] 228t AR
dlesto] o] 71 A=)

ds =

fol l‘-[O o

3. Cost sensitivity analysis

99 Frlet Ao ool TaAA 2ha0} 17
o] A|9t ujg AIZH u]go] 2 QS DALk T~ 24
27} g5epi R, S olgurt Ao £7h £
ulgo] o A2 4 9l7] miRolc). ol wo] A|% i
AIZF U85 OREI7HR] 2, X9 Hj4 8] 80] 1f$ =2 73
Qoll= x-V4Q} 7o) Chro] Ao 2 S Sefete A
o] Efgslct. 2 ARoME 371x] u]go] whgstr, A}
2F 93] v, ZalA (AT X2 228, X9 HjL 4L
ok Al £33 &2 Al 7], WHE 52 Tals}
£ ngulet 92, ealE et WEHE Aol
At 2 AoldE A 1ohe] 1788lS 35000402
HEHIE ATE 10000902 Artelty. S 119 4

i

Y oX

F(cop)e U CAN] 22t F=2RR-E4W 8 9009
Arusted, 1000¢02 ARt A wid v]&2 A
g Az W2} 0~60,60~120%, 1208 &ut2 37m
2 Ueth ol AR AFoA] A H]go] A|AH
v AR Aelo] vlelohs HAECE 0 U
WAalo] A8E]7] 417] wzo|t}. 287l sligsh=

o] tisted 500,1500,35009€99] B/FS k=t o= 71
o 2R 35002 712 vlE-EQ1 3500¢49] AN g2
4751971 miwolct.

+

rR o

178

l‘-ll‘

)«

Table 4. Sensitivity analysis of the total cost when
Top 1S 3 and instance type is Random. *I when
the flexible routing with Flex is more cost
effective than R-V3. **: when the flexible routing
with Flex is more cost effective than both R-V3
and R-V4.

Time cost weight

1 15 2 25 3

1 | 6531657+ | 736090.7+* | 819015.7+ | 901940.7+ | 984865.7*

Flex| 1.5| 6944657+ | 7773907+ | 860315.7* | 943240.7* | 1026166+

‘;‘I’;t 2 | 7357657+ | 818690.7+ | 901615.7% | 9845407+ | 1067466+
ght| 2.5 | 777065.7 | 859990.7 | 9429157+ | 1025841+ | 1108766+
3 |818365.7 | 901290.7 | 984215.7 [ 1067141 | 1150066
R-V3 |766575.2 |857025.2 | 9474752 | 1037925 | 1128375
R-V4 | 7625215 (7821465 | 8017715 | 821396.5 | 841021.5
[Table 4]+ Random 53 QIAEIAOA r 7} 39
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4. Flex allocation changes based on the flex
allocation parameter r,
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Table 5. Changed customer, flex, vehicle states based on the flex parameter 7. in the Random type

instance. *:when the service quality is competitive with R-V3.
Scenario R-V2F R-V2 R-V3 R-Va
Top 0 1 2 3 4% 5
# of On-time delivery customer 334.9 320.8 300.7 275 253.6 232.7 150.6 259.1 352.4
Average delivery latency(min) 37.2 418 41.9 53.1 59.7 67.8 138.6 54.0 26.8
Average customer lead time(min) 89.9 98.9 107.3 119.4 129.6 139.7 203.4 117.2 73.1
# of customer served by the flex 126.6 111.9 98 82.6 69.7 57.9 - - -
Customer average Iead.tlme served 44.4 535 644 76.0 883 994 _ _ _
by the flex(min)
# empty call back 9.6 8 6.1 5.1 4.6 4.1 2.9 11.6 38.7
# flexible call back 3.4 4.6 5.3 6.4 5.5 5.7 5.2 9.8 5.6
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