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Service Worker Routing Problem for Sustainable Rental Business
with Consideration of Customer Information Sharing

Hyeon Woo Lee + Min Gyu Cha * Do Hyeon Lee - Hyun Kyoung Shin - Yong Jae Kim * Byung Soo Kim

Department of Industrial Management Engineering, Incheon National University

We address a service-worker routing problem with time-windows to enhance the sustainability of the rental
companies. The major issue that threatens the sustainability is decrease of service-workers. Since the workers are
atypical employees, some of them are not be guaranteed minimum wage per working hours. Also, their flexible
working hours are not guaranteed to satisfy the customer time-windows. To enhance the sustainability, we
propose an operational strategy including customer sharing, flexible working time, service time-windows, and
revenue assurance. The objective function is to minimize operational costs. To find an optimal solution, a Mixed
integer linear programming model is developed to find an optimal solution in small-sized instances. Genetic
algorithm and Particle swarm optimization are proposed to find a near optimal solution in large-sized instances.
We obtain the managerial insight of our strategy by comparing the proposed approach with the normal working

method.

Keywords: Service Worker Routing, Mixed Integer Linear Programming, Genetic Algorithm, Particle Swarm
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Table 1. Classification of VRPTW Problem Studies

Client Assignment Service | Minimum
Worker TW

. } Methods Objectives
Author(s) ™ constraint duration | wage

Fixed | Flexible | Skill | Partnership

Total traveling distance,

Nickel et al.(2012) v v - v - - - TS Overtime costs, Unscheduled
tasks
Liu and Xie(2013) v v - - - - - GA, TS Total routing cost
Hiermann et al.(2015)| v v - v - - - SA Constraints violation
Wirnitzer et al.(2016)| - - - v v - - MIP Continuity of care
Brackers ef al.(2016) v v ) v v v ) MILP, Total traveling cost,
MDLS, LNS Preferences
Koreyl et al.(2019) v ) ) v i v ) MILP Vehi'cle fixed cost., Total
traveling cost, Waiting cost
Arias-Melia et al. v ) ) v i v ) MILP, Total traveling distance,
(2022) Heuristic Number of vehicles
Total traveling cost, Labor
Allaham and Dalalah cost,
(2022) i i i d i d i MILP Overtime costs, Service level
penalties
Bazitha et al.(2023) | v | ¥ - v - v - MILP, SA Waiting time,

Workload balance
MILP,SP, |Customer waiting cost, Total

Tsang and Shehadeh

2023) v v - v - v - M-DHRS, [traveling time, Waiting time,
W-DHRAS Overtime
Total traveling cost,
This Study v ) v ) v v v MILP, Customer time window

GA, PSO |violation cost, Overtime cost,
Minimum wage shortfall cost
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Day 1

Day 1

09:00 10:00 11:00 12:00 13:0

Worker 1 l—[ a Ha Ho H—'
Worker 2 | c2 I I I

Hyun Kyoung Shin -

0

Day 1

Yong Jae Kim - Byung Soo Kim

Table 2. Client and Worker Information

Client ) : Service partner
. . Client service . . Share
Client service | . . (Desired working
time window able
day hour)
Cl | Day 1 | 09:00~10:00 Worker 2 x
a . ~ N
y (10:00~11:00)
Worker 2
€2 | Day 1 | 12:00~13:00 x
4 (10:00~11:00)
Worker 2
€3 | Day 1 | 11:00~12:00 0
R4 (10:00~11:00)
C4 | Day 1 | 10:00~11:00 Worker 1 0
a . ~ N
y (09:00~13:00)
Worker 1
Cs | Day 1 | 12:00~13:00 0
4 (09:00~13:00)
Worker 2
C6 | Day 2 | 11:00~13:00 0
R4 (12:00~13:00)
Worker 1
C7 | Day 2 | 09:00~10:00 orieet x
(09:00~13:00)
C8 | Day 2 | 12:00~13:00 Worker 2 x
a . ~ N
y (12:00~13:00)
Worker 1
C9 | Day 2 | 10:00~11:30 0
4 (09:00~13:00)
Worker 2
Cl0 | Day 2 | 12:00~13:30 orieet 0
(12:00~13:00)
< @99t @9 A= T B7Hs 143 7Hes 1A
S aHstn 1A Mulx8 g dAte wel dggi o) %
HES 1A EY £ AES AAT o] FAHAA &A
O} A ZHE 1A QAN Au Y9 F T FA T )
g} 245 5454 s gets v8 84S v E Fof
Depot
Worker 1
Worker 2

Non-shareable client
Shareable client

Shared client

Desired working hour

10:00

11:00

09:00 12:00 13:00

Hc7]——Hc9]——{C6 }—[C1OH

Day 2

Figure 1. An Illustrative Example of Routing and Gantt Chart
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o & o] WA weta B =EAE AHHE B
st A = xotA R ZAE WEA FolF mEHFE ~E
< /e oMol Atk A4l = VRPE &< 8o A
58 BoFe 4 ¢ E)E(Genetic Algorithm: GA)Z YA}
T3 # 2 3}(Particle Swarm Optimization: PSO) F 7}A| W E} 5
g2gs et F d1gES 59 3H TEE 7ML
Qo.M Iswari et al(2018)H 8 F &1 EL VRP BEAE &
HH oz &7 93 AHeH 91‘4.
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S <Figure 2> (a)9} 20| A%t <Figure 2> A8 2l
A AREE ol 2 A 109, A 29 29, EA 29 9] A4S
oja Zt d& A5 om| gttt <Figure 2> ()= FH A 12
o PE IR o] FoiA JloH 132 s 1Al T A
Hl 2 YERHI [1,]7] Aol 729 A4 E Fd=H
o Aol 1A 2y 23 2 A9 A A E UERY
I 0FE 140] 9 72 AFE BHEHT 39 doje 1A
o} 2t

o} )| <Figure 2>+ <Figure 2> (2)¢] 2G4 & 23}
. _ =9AL JPow W Aotk HA QA FYE 3 2= v}
4.13H-°4.¥.§‘]_-7‘]'E]i%3‘]'7§ E-J’]jba OEI ;’]’E]’ N ]]rj-;_._ 1 5 Hae ‘o
T8 A 2ol 2 147 EFa ARz 13271 A
B AT0| A% SRPTWE 918 GA%HPSOS] Q414 0 Q1A 2ol & ZARGOR BRAT bl 1L B2 Ay 2
Cl C2 C3 C4 C5 Cé C7 C8 C9 C10
L ¢ [ 2 [ v | 2 [ 1 T T A R I U
Array 1. Worker assignment
[ 023 | o054 | o021 [ 006 [ 078 081 | o011 [ 099 [ 048 | 087 |

Array 2. Random key

(a) Size 10 incoded solution

-

Worker 1 Worker 2
Cl 3 [ ¢s [ ce | c8 | o | clo C2 C4 C7
(b) Customer classification by worker
Worker 1 Worker 2
Day 1 Day 2 Day 1 Day 2
Cl C3 C5 c6 [ ¢8 [ c9 | cio C2 c4 c7
(c) Customer sorting by day after b
Worker 1 Worker 2
Day 1 Day 2 Day 1 Day 2
C3 Cs c6 | c7 [ co Jcro] ct | c2 | ca Cs8
(d) Applying service partner assignment constraint
Worker 1 Worker 2
Day 1 Day 2 Day 1 Day 2
C3 c4 | cs c6 | ¢c1 ] 9 | cuo Cl 2 C8
(e) Applying shareable customer assignment constraint
Worker 1 Worker 2
Day 1 Day 2 Day 1 Day 2
c4 C3 C5 c7 [ c9 [ c6 | cro Cl C2 C8

(f) A decoded solution sorted by visiting order

Figure 2. Example of Decoding Process



298 Hyeon Woo Lee - Min Gyu Cha + Do Hyeon Lee -

A& Y 282 1349 An|ago] RS 124 S v
oo AHl2adel it £7E bE 1A YR Y w
gt F7FE £7% Folth 132 b9} viR7IA 2 WE S AH
29& Y 282 28 A Y S YERY T, 38 lﬁﬂﬂr
2800 et BRE nASo|nh Aul Add At et B
£ 2 A Y Ak F sl FH AL FEAE 2 o]
A HEFordth = A okoll wal <Table 2>9 G 1A
o FRARI Y S Hus] JHIANHAE FA |
o] & A EY Mg S HAs oA A9
Al 2~ 0 2 ddafofghtt, mhebA ¢ ARl 2 19 Cl
8 Mul 2 22 AHl29 29 78 MU 2Y 12 AT
d7F Aok, mRIEA 2 S A A Q) A S0l = A
‘JE} ol AE At o A E, 1A AH| 2
k7] 93 Al foltt. @A FAAfrY 1A 670
*560%?_13. RO ERE Ft Thsstte Ao E Hf 3
W7AA T 71 & FEAHI 2 o] ofd M| 2o A & Ths
sttt AA) 47 1A l% 7] wEol Al AAF
sl 2o FE 1A & O 71E B A Aol A A
GA AL 3t TR E AP A C47F A HI 29 200 A A
Hl 2 12 AT FE ed BFo] HIAT AL O & a9 £
¥of met FALE AAE 1A WY I E o] &3 LEAE
of et FEstH HEEA }QWEM fo] Bgo] 51 y=
9 342 2dtt 7HE skl e A YnbA o= TSP
TA A ALEStE AR “ﬂ‘ﬂ’ﬂ el & o Hi A E
<Figure 2> ()ol Al A2 18 Daylol A =ofl A S 1
M4E A5 WEs npA| ek o,
ZAASELEY
%}ﬂﬂr A7 AR E o] % A A BT Al
9 ZFAREE AR oF Aok 1A BEQ
01] HEste 749 Aulado] ti7]ehA] %?1 Azt
2 A st7] wf ol Aulzgde] FHA
T8 DA T A7 EASE el A 1A W
o] BF A&Ho g AR AZA|Tto] MAE
Fro] FA 84 F IAAN TN &, FIHE 55 1
Zol v 4 g onZ B AT M= 9AFH 184714
G E ZFA NS ST 70 8] &-9] o] 7H &
e 3G Aul 2o AFAZEe 2 A 37| 2 g

oZL o

ol ® ot [ & Jd
Qe o

’

ﬁL

R

R =

)

o

—n

x

=

frtl

o%

M

2
2o

ol
2

o Y S
o =

s
> E Ry
L op
ofv it o lo 2 |

_l:=

_L,d
E
o
F-lﬂ i
—& >
&

4.2 FALREFH QA2 HH A3}

GAS} PSOE= thE# 9l At 7]4t UﬂEH?rFM oltt. o
& 23 HAZ TA A Hold s HAFy] i
B =EodME o] F daEES A3 SRPTWE E31t}.
AT A GAY T2 2718 Wzﬂ, A3 E HrhdA, A
A, DDA, o] A, 9 ADGAZ FAHT 273
AN A= Ze o] R E}E}H T2 2 g B
£ A E g4 34 A AA S MILPY] 52845 A}

o
O

(

OFDF\-FL‘FSLFPEé

Hyun Kyoung Shin -

Yong Jae Kim - Byung Soo Kim

e
]

i

I 38

o BARSE 2 SR, AN 3R
-
=]

of 12| 3 Ak w89 Folnt

ofl o

. B 1
Fittness = VinimizeZ" (30)

o] Flgure3>°ﬂ/\‘]9]'7L | el Selection), Fﬂil(C‘rossover),
O)( Mutation)$} 22 A& w2t At & A 83}, Mgl
Me &Y & WH(Roulette wheel selection)< A3}
WAGA A = e A H 2 GAA o A7) HAA
174 2P (Single point crossover) < AH-43tA T ¥
Solols Ra9 2 Aag QA 2 YAk 7 B
AT S A o B T 48 1
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Set initial parameters

Do

For V solutions

find fitness(solutions)

apply roulette wheel selection
apply single point crossover
If solutions convergence ~ true

Perform m utation

End-if

update solutions

End-for

While (a stop criterion is not satisfied)

Figure 3. GA Pseudo-code

PSO9| 7%, GASH 22 2718 WA, A= H7hg4
< e & =EA AHEStI e sl oA e =
A58 Fel A 25 3hs PSOE UER 7] o= BE5 ) uh
ZhA AREA <l PSO7E ok o] 4HA Q1 PSO(Discrete Particle
Swarm Optimization: DPSO)E &3l &A1& 3|43tz gt
DPSO+ Pan ef al.(2008)°l &3] A¢tE dagF o, o)Ay
HAAG A AN AT F YEF 317 Aol AZE HA 4
HlolE < =0T PSOCIT). o] oA &= YAk A7}
g wlol YElolEFo] £2E deetA e
al= o, Fo®@Fwe Kol ").p )¢ ). 61
P A 0o Q4 i8] AGIT 1, 1 A
Aol Ak i A A A Aotk A 31)2 2} F
ddlo|Edte Aolth BA7EA w, MY HA 2 A F
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Initialize parameters and particles random positions on n
-dimensions in the search space

Do

For each particle ¢ with position = do

If(! is better than p! ') then

P}

End-if

End-for

Update ¢!

For each particle ¢ do
If random Num < w
/\f+1 =m utation(xf)

End-if

If random Num < ¢
55“ = cmssover()\ﬁ,pﬁ)
End-if

If random Num < ¢,

it = crossover(dl,gt)
End-if
End-for

While (a stop criterion is not satisfied)

Figure 4. DPSO Pseudo-code

B 2o A= 37l A 7] 98 MILPE CPLEX solverS 843
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El
i)

IN
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o il ox o
ofr
i
=
=1
of¢
R g
K

kv

A7 EeTE T 2 FCFS(Flrst Come First-Seivice)
I QFAIZEE Btgto] 77k A& WA A g she A
a1, SPT(Shortest Processing Time) = 74 YAt Fe u S
A A gt w4 o), npx| 2t o 2 EDD(Earliest Due Date)=
I QAL AEto] 77k A AT E A 2 she i
o|tt.

e ﬁ rr 2 o2

143 ;}]Q
e a719 A= xﬂ AW E 5 e 2715 FUst
7] $18) Al =9l e] 22,37, 14 9] 45220, 40, 60%8, 9
£2,392 % 12749 Tzﬂe ARFAT AEAZS 9T A

3t

ERHERE Txﬂh 7k e~ Eo) 3t A2 e
T U 1Y 5 N AFSA Au AU F 1A F
5 A5 w}a} thFstAl A BT Al 2 $5 8,
10,12, 147 . & 3}a1, 14 9] 423200, 350, 5009, ‘GRS, 7
U2 F 24709 BEAE AR 4 vy fs) A%
YA AL BAATE ASA AUE A% dlolE FAA
SE 243t 19 93 wlojE 9} QAL Hlo|E & A4
sttt 149 914 HolH = QGISE AH8-3h] AT
Mol 843t A7 stk ek 09: 3o<>ﬂ A 17:30 Yol
A, ket gete] A7 HA L H 4 60RFH H) 165
Aoy, s A YR U(60,165,5)-§— e
o 94714 U(60,165,5) = AlZE A ] 604, 654, 70+,
< 9fuste, 7} 3ol &

160+, 165 5 st/ 2 o+ A= , Ygt
SEE AT aAgA AHI2E AFete A
U(20,40,10) & WHETE Aul2e) AHl A AY £5EE
U(5000, 7000, 1000) & w0}, TEAAIZHE) S A o] 51 &
22209, 27| =2A GYATHE)T G710 3} A AT ZHA]

TR AIZH )G F718 82 2+ 90, 1809 WETH(Lin Li,
2020). FHAHR) T FEFEE HAAAN Foll §33h= 160

ojw, FHAZHE)G F/HEFTrES FEFTY 15H oIt
dgEY A% BIHE st Ze Ao BAAAE H 4
3ol gk Ao 8 &8 H2K(The Absolute Percentage Deviation:

APD)E AHE-3tT} CPLEX solver= @4 371 &4 o i3l Al ¢
AWl s & A o trebA A4 27] SA o B
A% W7t A A A o o gk g o) 9 E-& W AK(The Relative
Percentage Deviation: RPD)E A}8-3} S th.

Alo,,,— Optimal,
%) =
APD(%) Optimal L 100, (32)
RPD(%) Aoy~ Bestyy 100 33
= —X
0 Best ' (33)
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21 (32)3 (33) A Alo,, & AFAAZ Y& FA 4 ghol
t. Optimal,, > CPLEX solver® %8 73 #Hzd]oln,
Best, & Optimal ;& & T v 3&dA 7H 2%
A H Al o]tk GASE DPSOA & Alth<=7} 5000 =E8}A
U3l 9f o] 100MHE A= &< 0.01% o1 dofuA|
gov FEIEE A4YS JYsA GA, DPSOY pop-

[an
¢

A

“

47

84 - 995

292 BM ILOG CPLEX 12.8.0914 #3859 GAS} PSO
ol 2w AojE AREste AEstTh o] Ad

Intel Core i7 9700, RAM 16G 2] PColl A} 213 5| 9l T},

5248 A3}

ulation size % swarm size= 5002 A ¥-& 23} th MILP e 4719 Ao thit A= <Table 3>, A A7)
Table 3. Testing Results of Small Size Instances
CPLEX GA PSO
Ins. I N
s a N Wi Optimal | CPU(s) Obj. APD | CPU(s) | Obj, | APD | CPU(s)
1 20 2 115710 3.8 116730 0.9% 17.9 119050 2.9% 17.4
2 3 152600 1.4 155210 1.7% 20.4 157200 3.0% 20.8
3 ) 40 2 N/A 3600+ N/A N/A N/A N/A N/A N/A
4 3 N/A 3600+ N/A N/A N/A N/A N/A N/A
5 60 2 N/A 3600+ N/A N/A N/A N/A N/A N/A
6 3 N/A 3600+ N/A N/A N/A N/A N/A N/A
7 20 2 138880 7.6 140440 1.1% 20.5 145890 5.0% 20.8
8 3 172530 6.2 179320 3.9% 25.6 179320 3.9% 25.7
9 3 40 2 N/A 3600+ N/A N/A N/A N/A N/A N/A
10 3 N/A 3600+ N/A N/A N/A N/A N/A N/A
11 60 2 N/A 3600+ N/A N/A N/A N/A N/A N/A
12 3 N/A 3600+ N/A N/A N/A N/A N/A N/A
Table 4. Testing Results of Large Size Instances
GA PSO Heuristics
. RPD RPD
tns i N Wi RPD CPU(s) RPD CPU(s) .
(Best heuristic) Mean
1 200 5 5.8% 238.0 15.8% 483.0 56%(FCES) 58%
2 7 7.9% 251.0 12.7% 552.0 47%(SPT) 51%
3 g 350 5 6.0% 349.0 12.5% 744.0 33%(FCFS) 37%
4 7 7.5% 374.0 12.8% 808.0 34%(SPT) 38%
5 500 5 6.5% 409.0 7.3% 1013.0 24%(SPT) 26%
6 7 8.2% 510.0 11.8% 1073.0 39%(SPT) 40%
7 200 5 9.8% 231.0 15.9% 528.0 50%(SPT) 59%
8 7 7.0% 274.0 12.3% 617.0 37%(SPT) 45%
9 10 350 5 5.7% 345.0 10.6% 782.0 32%(SPT) 34%
10 7 6.3% 391.0 11.1% 865.0 39%(SPT) 43%
11 500 5 6.1% 436.0 8.0% 1051.0 34%(FCES) 38%
12 7 7.0% 457.0 9.4% 1131.0 29%(SPT) 33%
13 200 5 6.7% 273.0 14.3% 571.0 51%(EDD) 53%
14 7 8.3% 274.0 10.0% 677.0 35%(SPT) 42%
15 12 350 5 9.4% 351.0 13.6% 823.0 44%(SPT) 48%
16 7 4.2% 440.0 8.0% 925.0 35%(SPT) 37%
17 500 5 3.5% 456.0 6.7% 1089.0 21%(FCES) 24%
18 7 5.0% 518.0 10.0% 1185.0 27%(FCES) 31%
19 200 5 5.5% 276.0 10.1% 614.0 44%(FCFS) 49%
20 7 5.3% 301.0 6.0% 735.0 37%(EDD) 37%
21 14 350 5 6.1% 356.0 8.5% 865.0 38%(EDD) 39%
22 7 6.8% 406.0 8.8% 985.0 31%(EDD) 35%
23 500 5 3.9% 480.0 6.6% 1127.0 29%(SPT) 30%
24 7 6.1% 500.0 7.2% 1247.0 31%(EDD) 31%
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A3 A3} <Table 4>9 4 2] 33t} <Table 3>2] obj= &
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T AT <Figure 5> GA, PSO9 59 A% 2 =9l RPD
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£ X33} A Tt <Figure 6> GA9} Non_sharing GA 2] A5 4
S=QIRPDA thgH 73 T ol w sl A3 A FHE L

GASl %ol

o stk F7ME <Table 5>v GAS
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/

Non_sharing GA

Figure 6. RPD Mean Plot of Sharing GA and Non_Sharing GA
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Y GAE 1A AHE FHE shA ¥ I HludT. 260099 Ao Basigy AR s /gL dA

Non_sharing GAE FCFS #3713 F3) 54 REal(24- Aoz Mu2de 258 BAE Y] 98 n)F25g9 u) 4

B AN Y A YE AT F, o FRATROE  qyrg A wIsa 9A Suh ALE GAAAE B 5E
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£ 58 237l i daeFolth Non_sharing GAE 5.1 9Jo] A} o] 2 w]eb#] &= FCFS 9] ZH| &Rt} Zo &7
Table 5. T-tset results of Sharing GA and Non_Sharing GA

Totest Hy' Bgharingea = Non sharing GA
B fgaringea < Hon_sharing GA
Variable Sample Size (N) Mean Standard Deviation  Standard Error of the Mean
Sharing GA 720 6.44 3.53 0.13
Non_sharing GA 720 10.44 3.96 0.15
Mean Difference : -3.997

99% Confidence Upper Bound : -3.536
T-Value = -20.22, P-Value = 0.000, DF = 1419
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