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ABSTRACT

Research interest in the Mobility-as-a-Service (MaaS) concept for enhancing users’ mobility
experience is increasing. In particular, dynamic pricing techniques based on reinforcement learning have
emerged since adjusting prices based on the demand is expected to help mobility services, such as taxi
and car-sharing services, to gain more profit. This paper provides a simulation framework that considers
more practical factors, such as demand density per location, preferred prices, the distance between users
and drivers, and distance to the destination that critically affect the probability of matching between
the users and the mobility service providers (e.g., drivers). The aforementioned new practical features
are reflected on a data structure referred to as the Matching Matrix. Using an efficient algorithm of
computing the probability of matching between the users and drivers and given a set of precisely
identified high-demand locations using HDBSCAN, this study developed a better reward function that
can gear the reinforcement learning process towards finding more realistic dynamic pricing policies.
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<Fig. 3> Elements of the Matching Matrix for Demand (Demand Density,
Dispatch Distance, Driving Distance)
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o oA HE dolEd 9X FREES Aol ek AZE YHFE FoaTh £ BAR
H3o) Ud £2 WEr 5L4S AL gg SAL 08 AN 1w 44 Be 5 A7) W), &
o) BA) Hwe| 0 Dol He} LA )Y FEo| AP WD S0 AL B2 HE o

oJH{E Yeld 4 3 Samworth, R. J. (2012)9]4] |t Distance Weighted K-Nearest Neighbor ¢ 18] &S
olgste] s FHA A AEEIES FE)ol tal YHSFE ANET ol ZE 40 A Al
skab &3E dlolEl7 EAlEY] wEel Z s dial] HHA FE~H HEE AT o %, FE2H
ool wet v AleE APgeth

(3) Matching Matrix A4A

AT - Z¥zke] Al Zkell Al Matching MatrixS A3 ek 243 4419k AAE 13T 4714 &
ZoA A JAANA 2@2)¢ 2o] vzt A, AE 18-S nEsta, AR YA A 2 (5)F o]
QUE wixAL, &WAE, AE7HE a71A BF gt A9 dAlA wixA g & aBske olfre
Axpeto] wixpA e o wet Aul 2~ SERH Y| 7kA] ARt Bldsty] o)t o] E &8st o
12) ~ 21®)F %2 Matching Matrix &18]ES A|Qstazl st

o br

1>

MP = B* (PP*NS) .............................................................................................................................. [0))
ol 7] A, MmpP = A digk BE s WA 3E WE

B - A3 gAY o] Be A @A)

PP = $A9 A% 71 OFAIE BEF T8 B4

NS = Zolzl AEjelA ol mE A4 74
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MPrat = (AIP*A/[PMn)/(A/[PMaT ,A/WPMH) ...................................................................................... )
o171 A, MP,;, = 247 i ZE A WA FE e ALY
MP,y, - oAl UF RE $7e) v B8 wele] AUz
MRVormal = PQ.F'Lﬂ_ H _\(l)'.';\(jxl'oﬂ g 28 %\‘21]9] o] = 2]-% \;_ﬂ_]}ﬂ
_ 0 AIPVormal < AIP\[edum
MP {A/IP’menl A/[PAormal = A/jpllﬁ’dmn (4)
o714, MPpian = Arst © Ak g nE s Y &E HEe] 9 4 (Scalar)
MmpP’ = <79 WA &E M
MD = BX DX (O (NS—PD) ............................................................................................................... &)
o] 7] A, MD = A i BE 27 W gE
D = $A9] 28 SR NM FHATA L] A (&8 71E)
c - A0 BAA g0 SauE ZelsHol hE HE A% @ (FLUE)
PD = AR B A FARE BEE T F4)
MDyyrnd = (][/[D _AIDMM)/ (AIDM”- — ]V[DMm) .................................................................................... ©6)
o171 A, MD,, = A0 tg ZE &1 WA FE W HEY
MDyy, = 0] g ZE 1A WA 25 e AUy
MDNormaI = Zéﬂ‘ﬂ' 11—';]__ %le] Oﬂ EH:J' E’_‘E‘ ‘8“@1]‘9/] HH?Q :Q—% H_q]—j
_ 0 ]l/[Df\mmuZ < ]‘/[DA[F(IL(UL
]‘/[D {]V[D’Vormal A[D/\mmal = ]V[Dﬂ/f’dz(m (7)
ol 7] A, MD 4 gian = A7tst @ A0l g mE A wY &E el F9 #h (Scalar)
MD' = 2479 WA gE HE
MM = MP X MID T eeveveereeeneetitiiiiiii ®)
o] 7] A, MM= 723 2722] Matching Matrix2] 2H& #Ele] F

A@E 84 U@ mE S5 0F &8 WEHE el 98] S edAe 92 gE Az
WAAZ %} A A 4 (Al gEoldolng AAle) o] opd F1eAlt BEE B4 WA Pl
98 o FolR el A PFol mE AF HAS W g FI o1 F 53 AReIM S HE 7o)
sl Aol A Akt s ele) ke o e wY S WY FEe bl stk
o1 F A®)Nt Bol eHAL WF e FaA Hre, A@)elxet 2o ATFs AET Teo AW
oA} 2ol $7e) Atst @ Wl FES) T }e V1O B9 FHT AL Fhe 002 AFe)E0).

AerE 79 vy FED R S @ RE LA 0F BE WS Ta) A5
WA $719) 9120 B A WAt $22 22 AANA FHAAA ] Az LA, 57
o 217 9iA)e) $auE FelzEd BE vz A%l 2 WE Fol Aol Ygol e A%
A0l aAe] 4B 71 (BIHAR AgEoIdo BR AAle] sl 0] ohd 7t BEE B3 A
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o8 B3l AN LA A% FHAC) thal Aol ALsLA SHe Yole] e YHOE 3
o Wl £1A Y SEE YT ST, SR A@ASE 2] Sl M FE Fop

foz AEolAeh 2ol Ats etk teow AelAsl 2ol exxe Ats B WA G5 F9)
e NEoz F9) guc AL G2 002 ABNET, ofF Ao 520 14 FET LA o)

F3t #E A< Matching MatrixE A3t} o] A A3 E Matching Matrix?} F3l| A= 7<) ¥
0 ollA 1 Atojol=g, Hal= 0 oA 1 Aoz YehuAl .

(4) Matching Matrix2E{ OjE = AM
<Table 1> Matching Matrix

Matching Driver Driver Driver Driver
Matrix 1 2 1499 1500
Pass‘l’“ger 0.000 0.000 0.596 0493
Pass;“ger 0.283 0.000 0.491 0.000
Passenger
= 0.000 0.000 0.000 0.000
Passenger
- 0.891 0.000 0.173 0.267
A T8 Matching Matrixe= 2t &282k9} 72+ a0 vjA] 2 &5 JYgdl=d, A side s &
A 7 gy olgts A ZoA wjH st} st &Eo] 00]9TH, I 9 F2 00] HEE AR oy 2 &
Aot W2 SAY AT AZ2A i AH A} FEo] EAGTH Y AT &AL el w2
&S FAGT o] F Matching Matrixoll A w3 2 g&o] /M & S SHAE vl Al7]aL o] F uj

Aol Aehe Aoz wEA o Yol uY 55 A & % 9tk T} o] w, <Table 1014 23

N A2 BEE S5 2ol BE £Ael el 917 @ SEel ¥ 002 UehlE, o SAASE

Aol @ 4 glome, sl Qs ot A A4S T 5 gtk ol W ojn SHA &

£ %70 thal <Table 1>014 Wb B2 HAG 1A 2o] WA $Eo] 002 YEhIH, ol 57
de u% 2 4 glome e o A A T 5 Uk

N]uhtchmg — {%ﬁ xﬁ: xgig ............................................................................................................. ©)
ol 7] A, Nyttching = Matching MatrixE 53l 249 <3 422 WA -

ND = Matching Matrixo| A v} 7}bsdk &x64ke]

NP = Matching Matrixo| A %] 7F&¢ 549

a3 AAR o] Wi &XAe St 11 WAS AA HFAHA i 75 Adse A2
I SR ] F7F o EFE FHLE WHEo] ofFo|A it 2 HatE dov)A dAnt. o]F S5

T
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of>
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A

nju

Hhod st Ztateks I

oL o = —
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ro
N
©
2
ox
Pl
&~

AeA BAE (N28) o YFAA AZHARE, olmle] BjH e WA hF L A7E Zlo] ok WY A8
23 o2 Adste] Aol BA ool o 24 742 W& ANSE Aol B2, A HA o]
A BE $A% LRAAE WEA 1Y A Bk glok Bebal H©0)Hs Lol mhE Ane 98] LR
o S g9 & F Hoh Ao £F Adste] B MAHYTD F1 A urk B wE glo)
A B & Q7 Hol BEE BY ok $3E Fol] Ad) A48T FuFL P AT H1 11 A
S olde Bl Ao U | 2 Adss dueEe Wy B 9L o, T ou kel ug 4
of Aol @ 8 Akl s WS ATH THE <Table 2> Lk,

<Table 2> Number of Matches and Computational time by Matching Algorithm

Matching Algorithm A Matching Algorithm B
Based on 24-hour Data
Number of Matches Computation time(s) Number of Matches Computation time(s)
Mean 434.54 0.0012 420.62 26.8019

244712 HlolEE EUE u A7t Y3 Matching MatrixE 35t W A9k ¥ Boll sl wlA <
o} A AZre] B ghe UEbATh ofm, Wi o] o= wuhAIRE A4k AZEE w2 Aol S Hof
=0 U A9 - 8W BEO v B 7 o B B2 A2 E Uehdet, ol WY BAlAE 11 v
Hor AN S A4z i A717] dEel & H vl ® o4 Ee SdAE ofF wiAdA o
s Al9157] wEeltt. shARE W AdA s WA GEC] BF 09 4 Ee 3AE WA A ALAR]
T umAs 25 Wio] 2 ¢ gt 7 eR i & Alaketr] wiEel W BEG WA 7t okt ¢
=A vebgth 23z F o 25 v ol 2 kol /IR, A4t Alzkel ket A4 FE AT
et W AS ARSSk] v 8 Alttekiith

=
T=

NeHoE B ot vh2am ol AYAYAA TE A3t do] ZHH GA9 A 1A LxA
st g200] w)% B Sl Hleshe] 74A A ool AE] e Folo] YR Folo] WAFHEE F /b4 W
& §9 202 403 o] MRl Hok Be o $A3 2] WS T F US s AF 7
4 veg JosiEel By 948 53 Fopbl Ak

R( ) NS * Nmm‘d)mq (10)
A714,  Rlsa) = ol oA HEd Pl tF wy
6) 7 2id

AEEolAL BleEe o HAsed, E}—‘%Et ARt 92 AslEgS B8 24 A9 vt
7 = 2HA & Besrt o 2
& ol %ili% SEATE AA71A, AR ElE BA A 7}7—% 3,800¥ 2.2 393, 714
z24 Y5 FF [-80, 20, 0, 20, 80] THA 7HA = FAG5ATE = SAF &4 & AT G
T ol &, &z HolHY £2 HAsA 4 A4 AAEY HErAe 27 e
38005 B OR Stef JHpAIQE £XE o] 83t AA B

pu
N
ke
&
g’
H“ -&
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1. AHZ HIOIE

AEH ol Aol A A& Hlo] Bl kaggle(https://www.kaggle.com))2] 2014\d & & A HlolE ot} <F 1,500
gF NS A sabk 2 oakabel] tid tlolE =, 18719 £Ao] EAlskEtl, B ATFAe $AF AR 3k
HEAE B %), skat AR s AR(AHE 2 A5)E ARSI tlolH o AHE Wels SR
3kxb71A] 20143 012 012 00A] 00 00% ~ 20143 03€ 01¥ 004 558 00%olt}h w3 F7Hz W=
9] Wi & A9 BFEY A YA Foiat v FRE FAH ok dF kA H3E Foll F A
< Hlojd Hex &A%t B Aol A3 tlojEle] EAS T <Table 3>3 2t}

.

<Table 3> Data Attribute

Data | Pickup Datetime | Pickup Longitude | Pickup Latitude | Dropoff Datetime | Dropoff Longitude | Dropoft Latitude
2014-02-28 2014-03-01

Max 23:59:00 -73.101985 40.998447 00:55:00 -73.041458 40.99974

. 2014-01-01 2014-01-01
Min 00:00:00 -74.778437 40.503816 00:01:00 -74.718568 40.502122
YYYY-MM-DD YYYY-MM-DD

Unit Longitude Latitude Longitude Latitude
hh:mm:ss hh:mm:ss

Type Time Series Float64 Float64 Time Series Float64 Float64

tlo]E] ] E4dolA] Pickup Longitude, Pickup Latitude™ 57249 91 HE(FHE Ho|E])o|z} 8 HloJH=
A 28, ole FHZor GAE SAshE AV & S40] 9AE TF £ rne e $49 9
20]7] wjZoltt. ool w3 AlE#ol e A7 Al A A= A TAE EA7 HAY A E
get & = glong, e A offzo] EASA wekA Tkt Wle Fall 7Y Akl tig
tolB & AAek HlszstA FAste] Algd ol dol Z-8atarat a3tk ol= 3] EANHES B4/
A BRIl 374 "4 A AER e 29ste] AlgToldddA &34k HolE 2 &8t o
GA AR A3 &R HolHe AlEg oA 1A ©99] BRER Yo &3t

M
>~

2. Z=laks 7| AlEg0lM Za}

Price = ¥# 3,720 MNrassenger = 380 Nbpuer = 408 Price =¥ 3,940 Neassenger = 979  Norer = 931
6500
it Demand > Supply 000 Demand < Supply
: Price rise : Price decline

5500
4500

5000

4000 4500

4000
3500 -

3500

3000

3000
o 10000 20000 30000 40000 50000 o 10000 20000 30000 40000 50000

<Fig. 4> Result of Dynamic Pricing considering the relationship between Passengers and Drivers
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Matching MatrixS AFZ25t0] XXt S| TAHE s 25ls

Lo
>

J)uk RSl J12 HE HA

r

ANZHAQ 245 13} 2ot nith HF o 54 HALFS AAHTT | 2l AEY ol &8
HE A oF 30808, AF) wE A= 1S <Fig. 4>9F o] YERAT) <Fig. 4>9] Y& gA] 714
(gH) & 9mEiH, X&F2 gEe BAE vt F 50,000 BAIE HHESte] i HYS T3 g5s A
3 Fof| HFZH oz JlH0] mEHEL W T 1 Me AE &8 %-‘! o Mg} =2 FEZ JoHEE
23S 53 35S AAsH Heu, $AE 1200858 B4 5500974 et A-REA HEE 7
Ho| B s5Eoj RS B F ) o] F JAE Decayoﬂ oJal| A oF 7,000 @A o] FHE YAE e oF
0.50 H|RFe 2 W=7kar, ¢F 15,000 TA o] &5E YAE 2 0222 S 53 45 AgR QE ©
&(Exploitation)5to] 3% Aok &gl woAA "k wEbA ojxlel| FE3] HulolEH i HolES

< 2

T3 o] 8T F U H, HAF 7HAe] FHEHA He Aol yehdth thAl 89 7 59 ¢
HlEste] 2871 B B2 Agols HF "A 7HHo] 71E AR7HAR] 38009 T st on, it ¥
wol FREG B2 Aol HF 9 7Ho] 7€ AT EY stEehs S & o ok TEu £
ATl Ajbehs B2 w29 e i aBsks Zlo] obd & o 7kl BE ’37—'1J+ +37+9]
A B B ARE aEslr] Wil Favt ¥ B2 Aol 7ol Wzt A4t JaL, el 9
B2 AFols 7Hge] Set7be A5 =3 EAsAH

B AFolA 8 dolEd td 8 WEE A S8 2E 7t %EiéEi'D"(}ﬂ)BSCAN)gi 2
2H W& ¥R vy ASFE A Agdolde Tl gesrit ARE M2 4 FeaH HE
Al Aol Fete] i AGoe] AT oR AAHES st o3 Algﬂﬂ olde T =¥
2 Feee HF 7He Ax 9o YE| <Fig. 5>9F 7E‘°1 ZEE F A

HeatMap iNnNYC

N

ooy -1>

Price =¥ 3 800 . Cluster Group 1
Cluster Group 2
40.85 Cluster Group 3
’ Cluster Group 4
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Not Clustered
10.80 ¥4 180
40.75

010 b -\j_/*#'4 180

¥ 4 180 %3420

40.65

-74.00 -73.95 -73.90 -73.85 -73.80

<Fig. 5> Price determination according to Cluster
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B ATeAE FHAHA 29, FolEAolE S5 LAt WAE LT GET 4L s
Ao 1AL mEeUE Aosts 7 Aol e AT AL 78 Ade) $A 2 a4
HolHZRE S8 HolHE FESAL SAA HOIHE sl AEHIAS AYFAATL, AT AR}
A QA FHE JRIE Jom o AGolE e oz AEH oMo bsd, AAl 2AAEY 91K

ARE & F JuH Hxo] Xz YAE A AT dagF: §lo] Mol shssith

e B AFoAM e thekst Md ATFE0NA AQbE A3Esy 7NE AlEg ol ket B4S EdE
Sl FTASAAIRE Wu et al.(2016)01 4 S A2 5 5002 02 143l whed] AEUHE ) Al
7VARES Hlaste] 2lest AR Aol A HEE st AA HolHE AHgstdoH, 4
o] B2 99 FEjxE ol w2 v A<l %OLE':JEQ} %-‘M %UH ML w}E A<l HHXVM

g 53 NEE B e Bk dAH AlEg el 7}%’6‘}55 §o}°ﬂlﬂr.

g3y 2o @4 A EHolAS FAS A sk o, 43kl &
A JPsrlele 27] S HAANA TEFdF =S sl HAS WAT wE g Fsrt @
F ong Qlojo] && FxRl /MR £22 A3 7HAS YeidlET, olv A4 A5 A=
zpol7k & 4 Joerg Ao FAHOoE EA T

TG & ATAE 2 Fesrith 143 B2 HolEE Uro] Agsigiu, 2 Azte] a9 F
Fol ol WE WEE o) F ehese] FFE FA Bt YA WAC|HE, 7 STt AT Aol o
o gare v opeth e AL A Azke] £09 Tl nel WAl Azte] 489 FF0] 9

A BE o] =g AT AP FUTh
Ty o]F Aol e A AAG Ao SAH F sl Z

NG FES sfdstauat o 58] B AFollA % Eﬂé}ﬁa T8 B e = P59
7VdrE 5 o5 AVT} Z|sha A o8 FUete] dAitel g Bals oA Hi, ol &
Vst A8l ol2A "tk old wEl s 2AHS T 5 JAAT, o] ZAE AEsH7] A8 Mnih et
al.(2013)9} Mnih et al(2015)°1 4 A+E 2173 %W (Neural Network)oll 7]%FeF DQN (Deep Q-Networks) 2 283}
of 7t gheEe] Fat Fuol el oy Betol AL oR JIFS vH F UEE st Rl e o
TE APstua gt =3, ol St 2 S g o] F53Ql 7 AL sHG7] el AokA ol

olN 4>

5 2P g Aul 27 ke o] B 987 Utk o]ol Song et al.(2020)14 A A5 Et 7wk
T84 7H4 AA £RAS FEuA sk Ty tojEE &8 wel Aztdo] m2 l%‘ H e A
H| o] o] & EXE EA3ta ZE AL B Aok F HEAHAA Y o] gatdAE FAA, =G 2
FHAE ATE F UEFE AFE IYsta itk

H dlolH 395 Aol whet vlold B FAIVF S3tEEA B Fakat HolE7E FETolE xS
Sl AFE7] At ity a2y @A FHE dolElE 22 AR W9 el F3HE MR 18] E4
ARESE7llE Tha @AI7E vk wEbA 23] 240] Ve & AR F AR Mgk $3H el &)

et BlolE7t YT, Y HlolElE ALgstel IR g bseAe) UE A S8 F14

o #F A7E AYstnA Bk,
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