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Abstract Ridesharing, a new shared mobility service where passengers with different origins and
destinations agree to take the same vehicle for their rides and share the cost, is experiencing
widespread adoption with the development of sharing economy. In the era of mobile Internet and
ubiquitous computing, ridesharing becomes large-scale and exhibits new characteristics including
enormous data, dynamic scenarios, diverse objectives, and varied applications. These characteristics
fundamentally complicate the ridesharing problem and have spurred extensive new research on large-
scale ridesharing algorithms. Furthermore, research on social aspects of large-scale ridesharing has
also attracted increasing research attention. This paper aims at a systematic and comprehensive survey
on recent advances in large-scale ridesharing algorithms. We first introduce the basic concepts and
workflow of ridesharing, and then systematically review existing algorithms for route planning, the
core algorithmic problem for large-scale ridesharing. We also discuss social aspects critical for practical
large-scale ridesharing applications such as incentive mechanisms, privacy and safeguard measures and

finally point out potential future research directions.
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Fig. 1 The workflow of ridesharing platform
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The Summary of Algorithms on Route Planning from Drivers’ Perspective

*1 ETANAENBREMNEERL
Reference  Scenario Num'ber of Objective Approach Time Complexity /\pproxirﬁ@e Ral?()/
Drivers Competitive Ratio
Ref[17] Static Single Minimize Total Distance HST Based Algorithm O(n*logn) Ok logn)
Ref[20] Static Single Minimize Total Distance kilj\(;;zsrtil]i;sed (jl(;:r:i:i:))g}l;’ OCmin {n /& }log? n)
Ref[24] Dynamic Multiple Minimize Total Distance T-Share O(nms®)
Ref[23] Dynamic Multiple Minimize Total Distance Kinetic Tree O(nms 1)
Ref[29] Dynamic Multiple Minimize Total Distance  Batch Based Algorithm OGmn*)
Ref[22] Dynamic Multiple Minimize Total Distance pruneGreedyDP O(nm X max{s.logm}) Non-existent
Ref[30] Static Multiple Minimize Total Distance Allocation O(max{n,m}?*) 2.5
Ref[31]  Static Multiple  Minimize Total Distance ApprJoin OCyh |V |log “z/‘ +
yn+ym)
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Ref[35] Dynamic Single Minimize Complete Time IGNORE OT(s)) 2.50
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Ref[36] Dynamic Single Minimize Complete Time DLT OT () 2.5p
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Fig. 3 An illustration of the RTV-Graph
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Table 2 The Summary of Algorithms on Route Planning from Passengers’ Perspective

R2 ETREAENKREMVEZZRSE

Number of

Approximate Ratio/

Reference  Scenario Drivers Objective Approach Time Complexity Competitive Ratio
Ref[37] Static Single Minimize the Longest Waiting Time Exact Exponential Exact Solution
Ref[26] Static Multiple Minimize the Longest Waiting Time ADARTW O(nms?)

Ref[38] Static Single Minimize the Longest Waiting Time LDP OCs) Exact Solution
Ref[40]  Dynamic Multiple Minimize Average Waiting Time TSP Based Algorithm  O(ams logs) OC/Dmax XACRw )
Ref[41]  Dynamic Multiple Minimize Average Waiting Time RTV-graph OGmn*)

Ref[42] Dynamic Single Minimize Average Waiting Time IGNORE OmT(s)) 24

Ref[50] Static Multiple Maximize Social Utility Bilateral Arrangement O(nms?)

Ref[51] Static Multiple Maximize Social Utility Hopping OGm logm +ms?) Non-existent
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Table 3 The Summary of Algorithms on Route Planning from Platforms’ Perspective

R3 ETFFAAENKEANEZRSE

Number of

Approximate Ratio/

Reference  Scenario Drivers Objective Approach Time Complexity Competitive Ratio
- . . Maximize Number of .
Ref[52] Static Multiple . DRS O(max{n.m}*)
Completed Orders
Maximize Number of
Ref[53 Static Multiple G-1A-L (0] s5°
ef[53] atic ultiple Completed Orders )(nms?)
Minimize Number of Matching Based ;
Ref[54 Stati Multipl Onms® +nm?)
ef[54] aue utple Required Drivers Algorithm s
. . Minimize Number of Hopcroft-karp Based -
Ref[55 Dynamic Multipl On?®
ef[55] yRamie uitiple Required Drivers Algorithm I
Ref[57] Dynamic Multiple Maximize the Profits Apart Exponential Non-existent
Ref[59] Static Multiple Maximize the Profits PBM O(max{n,m}*)
Ref[60] Static Multiple Maximize the Profits Greedy O(nms?)
Ref[22] Dynamic Multiple A Unified Objective pruneGreedyDP O(nm X max{s.,logm}) Non-existent
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Table 4

The Summary of Algorithms on the Incentive Mechanisms in Large-scale Ridesharing

R4 HRRAEHENHBNFE LSS

Approach Reference Strategy Scenario Target Objective
Discounted Trade Reduction Ref[62] Static Pricing Dyn(?mif: Driver and User Maximize Social Welfare
and Static
Non-myopic Pricing Ref[63] Static Pricing Dynamic Driver Maximize Social Welfare
ADAPT-pricing Ref[64] Static Pricing Dynamic Driver and User Maximize the Profits
Guaranteed-Ridesharing-Fairness Ref[65] Static Pricing Static Driver and User Maximize Social Welfare
T-Share Ref[24] Dynamic Pricing Dynamic Driver and User  Minimize Increased Cost
Mobile-cloud Architecture Based Algorithm — Ref[25] Dynamic Pricing Dynamic Driver and User  Minimize Increased Cost
Auction-based Pricing-aware Real-time Ref[57] Dynamic Pricing Dynamic Driver and User Maximize the Profits
Second-price Auction with a Reserved Price Ref[66] Dynamic Pricing Dynamic Driver and User Maximize the Profits
GPri/DnW Ref[67] Dynamic Pricing Static User Maximize the Profits
Integrated Online Ridesharing Mechanism — Ref[68] Dynamic Pricing Dynamic User Maximize Social Welfare
Driver Evaluation Ref[1] Incentive for Drivers Dynamic Driver
Group-based Incentive Mechanism Ref[ 1] Incentive for Drivers Dynamic Driver
Integral Policy Ref[1] Incentive for Users Dynamic User
Membership Policy Ref[4] Incentive for Users Static User
Coupons Ref[1] Incentive for Users Static User

FEATRETE LA A0 3R 0 A A I P S 2 B #2532 , AN 7R HE
170 B AR L5 T BUW BUAME RS, Wb T e & A 25
A2y 1P RETE  2) FIMLAR I AS 5247 42 I S5 ),
A AL DA S AT R R i e R S8 RV R, BE o R
P AL SE T B R R 2 VR SN A Y B
JIBILAR Y 2 A s DU e FE O 35 5 2 25 1 PR R B 8
1) 3% Pl S A 1 2 B AT R AL B33 1T SR 3R A5 1) 4
T 27 AL A0 A7 e Bk 2 S I A6 B A5 1 6 S B O 5L g
i 30 5 e 2k R Tk 28 K AN E I R BN AR S
B B0 5 2) 12 2B AL T 5 098 PR IR B) LT 3R A5 04 i AN
TS BR ALY IS5 /AL 2 5 PF 42 R4S B AT SC
1k 43 900 56 TR [ e Ak B AR T AS TR 6 A
ol V7 Sh M i 1 E A ML (H A SR A 1R (R X X
S s A 5 X A S AR AT TS I G AR T AE S B
S AL 4 R P R — 0 I A 4R
B o 72 0 b 43 A0 FTAS B0 A 72 M AL a2 45 7T L3k 3
T I KIS 25 W] B8 R AR T AE B B 5 ).

A, 43 DA EDBL R 3fe % f BE A 48 T S B g
Hh 3 T 2l 1 9l AL . 3 R AL 6 T 3O W AL 2
559 4 iz 55 R0 3l & il BF 2 A 55 AT R I AR
LR, 27 AR J X 3 2 B i) (Y 1t Ak B 55 8 A T R
B XA R AR SR T TE B 5T T [l 2 —.
3.2 TR

FER DR AR, P B BRAAE B — D7 I
3T % 1T H A AR 28 S0 B L R HL A AT Bk A A

23 URAF B L 53— J7 T AL 455 3¢ & 1 A3 ik FEE R 7
FEEN NG B P47 6 7 FAE R X SE (R AL 1Y Bk
Bl b AT 2% 2 FLA00 S5 45 A . R Ot DA B RA PR 37 T 1k 1Y
FH1 PR B TN R | 22 43 B RL R IX B 5 A s A DR
PR BT R AT A
3.2.1  FET LR AR 5 ik

FE TN B B B AL PR AP T 1% 38 a4 SR %k
FH P B B AR R AT I, i1 & 004 ] i %% 15 1)
I 2 15 AT B 4 KL B A W 90 2 R T IR S
Jin % 3 AR (homomorphic encryption, HE). [F] 2% 0
wEA GG TR R T
RIVAT HE AT 0 3 i B A AL

SCHRL69 4 H T ORide (oblivious ride) HL il LA
TRy D4R 55 e % 5 A AL AL & AR B IR RT3
18 73 BC i A v 2 08 a0 mT AL AT Bk S B L B
T 43 [\ 25 i % 5 R (somewhat homomorphic
encryption, SHE) , H AR v {5 19 28 = 7 Ik 55 4%
(trusted third server). H4& 3 #2 o0 . W] ML A1 3 & 1)
AL A bR I e LRI PR E 6. 205 F4F
£330 0 5 B BCHE BEAT TSR ik W) AL AR 4
Fe % 1Y % P v AR o AR R A IS B AL EAT T
H o ROIF R A R R M 5 PF 47 6 5 R % 5 7
LI A 0 430 T8 A2 4 4% R L 2 I 25 EOR PR IE B
AD2Z 4 SCHRE 69 DRE B T [W] 285 0 %85 0 R 10 285 SCHE R
P AE AR IEAT WAL Y I 28 , 30 A X 28 ST A Y 7 X



46

HHEIR S AR 2020, 57(1)

BEARTT 57 TR 8. e g 2 SR ik — 20 W, BR AL R P L
TEA T 2 80T 1 RE U L4 19 DT i 45

5ICHRE69 3L, SCRRL70 ] rp $2 1 9 SRide 3y
B PF4 R G Al R &R 4[] 28510 %5 1 AR £ 47 3fe %5 il )
BLBY 07 B A5 B 78 A0 AT A 265 = 5 IR 55 4% B i 4
T SCHERL70 1R I %5 5 P 0 s 2 A 5L i B 3 5 i
(] AR X 37 £ B 0 38 RN 55 457 B8 A X 07 19 25 [) 1A% 1
I3 gk WS I 4 B 23 (5 R A i E ] AL e 1 DT
T AL A 5 D Xof i 8 A L 1) R AR i ok 1
B RG . X R B it R K S
A ML A T 4 B AR AL L O DL e K AR AR AL
AR AR E BT B4 . 2 8 R W], SRide 58 B VT BC AT
55 BB E] 43 5 R 5 s 19 s, 38 47 B[R] A B T SC Rk
[69 TR K.

SCHR 71 2R FH 5 o Jon 42 R o7 Jin 28 45 25 34 n %%
T3 5 AR AP e 2 o A S T4 R O DR AT g 43
Pie s A SRR AR 1T 50 40 0 o A P 2% %85 SC TR 1Y
ARARLRE . B AR, $F 425 & 4 3 % R R AL % )5 i A5
S A5 Ay n) e A A e ) 22 1] % A (] BOR i 5
AR B Ll K L SR S AL Z TR
P [ i) 5 A RL A 0 225 ) 1] AR DL K 58 WG TT 50 14 43
B 55 s SCHR L7153 500 e B0 52 508l 45 5 g b gk
177 SIS B IE , 45 5 38 BH 4 2% Ao w BL R AT B X3k
Fe B, U H 58 ORI R R BE 3 .
3.2.2 BT 25y BAAL M BAARL PR T vk

W 5 T % R B B R PR P 5 i A, SCRR72-
7315 BRI 5 (40 Uber 45) R % F 22 4 2 AL
(differential privacy) ¥ B FAff 41 Jy kU870 AR
JEUARUJR 38 3 % DA S S R R LR IE W) AL SR Y
i 2 BT B AN i R L AR S R T S 0 R 7 S 1 4K
P AT s LR Y 15

Tong % N R T 225y B RAE R A e % 1Y)
BLEAT B [ S5 /N b w) BL B A7 38 R e ELAR b,
R EF LW AL A E LSRR
BT 825 & (dual variable) ¥ e & 5w HLE & #H 1T
VETC. AR5 S FE B X 1 ml HLAE & 5 ol & 5 & N ER i
17 VC e 75 3] f 48 B9 DU e 45 2R Tong %6 AU 6] B 5]
A—FIR A 22 5 B AA AL 3T 72 (ointly differential
privacy optimization process) , 7E #f 17 5 & VU il i
LR e & 5w HL A A N B L. S 56 45 R
/8 Tong % NV H 4 1 9 JDP-Ride 53k 5 A9 &
B D DR B i) FE 2 B8 1 AT LUK, 2 90 4 R AR I 4R A
() JDP-Ride 5240 25 B/ (5L 56 25 R B RGE

IEAk s Andrés 58 NV BT & T X2 ] AL
BAR B 22 0 B O T i BR AR RO AT 0 1k B i

(geo-indistinguishability theorem, Geo-1), L& [
PRI A N EAR B B ER UL, S E i RS X
R R RS Z i He 2R TR 2 AN i
Mo, € X FMER 2 € Z, I h i RA R 9 7
%K /AR
K(x) () <e ™ K(x')(2),

Horb K (o) G g JUIR 5 R S W 75 05 = H
I Oz B TR s Uy A
BT SR 73 08 5% i b 3R SR T B S M 2
HOT SR/ ME TR % 1 X 25 15 ) [) (39 ) R 1 e 4 i T
— P RR LR X o & 1 A B AR A i Sy
FEAE W L e 220 B A SR TR G BE il | 5 ] &) 2
IR EXS e 5wl MLFEAT — R 20 . 5T X i B 2 5
T 5 R ] AT A T B, 2 T R W Y 4 A ik
TR AT Z2 8 VE T L K A1 A 25 B8 A5 19 42 30 5 R 73 Uk
(T IT AT DR T DT (S0 45 7T DL 58 i3T5 19 42 4
KN 3R 75 114 A5 A5 I [ ek 2>
3.2.3 T X HuHE 0 AL DR AL

B EEH ORI T R M A B —Fp
oA OIS A A0 1 55 =07 48 BRAILARD 1Y L I ik 7 1Y
(BR 28 5y 25 J7 FOA A5 BN 2% A1 o X B Hie X i
NITTEO FE 44 1) (7 BA% 33 w] DL 24 9647 434 X
B PE 5 S T AR Ok 32 B 2E R R Tl B
J7Iz RN Sk (80 ] i Y X B g oh i AL A B
(private blockchain) ik 2| 2 B 47 19 B 1Y R 2
F X P8 00 4255 11 3B 5 R (vehicular fog computing) ,
IR T — R B FA PR AP DR 42 R 48 FICA, 7]
[F B PR 43l 2 5wl ALY 07 15 B RN (5 B 455
A H—Fh 5 RSU (road side unit) f¥ 434 =X
TR ITAE HH] P EE AR IT e S P R B
B 28 Zid sk FAR - DL S 22 1%, 1 axX 264 Sk AT
IR IE I 3 % 5 A AL S A A5 BT G A T
. T 7 E A B [ B DR 4P BRRA & 4, FICA fii
RSU #5728 5y it 5% Y RL A 6 L 78R B (L S HF
A RH AL R A4 1T P AT 5 AR JH A OR TE £ 4 1
AR A 5 RL B P SCHR (80 J 1Y S 56 45 2R 7R A ofe
EMEHLECE R 1000 B FICA [ VT BE A [8] A 8 13
14 s, HAE T 3CHRL69 42 i 19 ORide R 4.
3.2.4  BRALLRIP /NG

5 EGE T OR MU PE A0 TR B AL PR A A G
SCHR. R 5 AT LUE R AR ) TAE
FAY R R R ET 5L T L3RR A 1 1Y A HLIT
Rl 6 PR PR 2R A o TAE 5 T T 5 A Y 3



TR OB RMLBEBE A S R AT 5 it

47

Table S The Summary of Algorithms on the Privacy Protection in Large-Scale Ridesharing
x5 EEAMEHENRARPEEZRLE

Reference Solution Protecting Users  Protecting Drivers Scenario Objective
Ref[69] Homomorphic Encryption N X Dynamic Minimize Total Distance
Ref[70]  Homomorphic Encryption J J Dynamic Minimize Total Distance
Ref[82] Homomorphic Encryption N < Static Maximize Efficiency of Matching
Ref[71] Encryption N N Static Maximize Number of Completed Orders
Ref[72] Differential Privacy J X Static Maximize Number of Completed Orders
Ref[73] Differential Privacy X N Static Minimize Waiting Time
Ref[80] Blockchain N N/ Static Maximize Efficiency of Matching
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Fig. 4 An illustration of driver’s profile

P4 FHLm 52 )

Table 6 The Summary of Algorithms on Personal Safety Protection in Large-Scale Ridesharing

K6 HEANEHENASZEREEZLE

Reference Solution Protecting Users Protecting Drivers Scenario Objective

Ref[83] Restrictions on Users N Static Minimize Total Distance
Fixed Pick-up and

Ref[85] P . Ni Dynamic Maximize the Coverage of Drivers
Drop-off Locations

Ref[87]  Reputation Management N Dynamic Maximize Number of Completed Orders
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