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Dynamic pricing for ride-hailing platform with demand fluctuation and
supply capacity

SUN Zhong-miao, XU Qi'

(Glorious Sun School of Business and Management, Donghua University, Shanghai 200051, China)

Abstract: The demand for the ride-hailing platform under the concept of “sharing economy” has the characteristics of
random occurrence and fluctuation. For pricing problems of the ride-hailing platform with different conditions of supply
and demand caused by the demand fluctuation, using the optimal control theory, the platform dynamic pricing model
under the supply capacity in which the object is to maximize platform expected profit is constructed. The optimal dynamic
price solution is deducted using the Pontryagin maximum principle, and the demand rate and supply rate are presented.
Results show that the optimal price of the ride-hailing platform dynamically adjusts the ride supply and varied with
the ride demand fluctuations. Especially, the delay of demand orders will be reduced significantly through the optimal
dynamic price in peak demand. Finally, numerical experiments are conducted to verify the model and to further explore
the influence of service quality of platform and variation coefficient of market demand on optimal price and expected
revenue.
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w(0) = 0,u(T) = ur. (22)

H A5 B8 550 (21) -1 6 78 3 25 75 SR 1) ik 55 1f
8] B [0, T) A, AT BRI A A KA B2 i, o1 &

FE I 2 S i R B 5 3 800 B2 BRI S (P t) - P(t)

BRL A S S(P,t) - C(Pyt) BA KT ¥AE 357 A
h-u(t). 2R (22) I a(t) R ¥ 6 15 Z B [A]
PN THT X 3R 20 5 SR AT B A iR I I B S T IR S
T w(0) Al w(T) LT AT, 73 M R F & 1L 1T
2 u(t) UG AR ui RS
F2 R R, 5l NH RS B H 3 \(t) #4 B RG %2 JR i
(Hamilton) R %%, ULR A M £ 42°F & B2 Ik a8 B KAk
(IR AR A A
H(u(t), P(t),A(t), 1) =
S(P,t)- (P(t) = W(t) —ng*) —
(D(P,t) — S(P,t)) + A(t) - (™
g — sW(t)) =
(sW(#) - (P(t) = W(t) —ng*) + (A(t)—
WT —t)) - (ae™ — BP(t) +vq — sW(t)). (23)
5132 YR TR B, [ %5 4 K
e 25 T SR AT BALKE 5T A5 SR 1 BT 1T B AE R R AR, T
&AW A 2 K T RS A% P(¢) B0 ek L, SR A
AEAE— N RKAB 5P (¢) 18 £ 42F £ B 2R 0 2 s
R IN A

mT—w
— BP(t)+

TEBR g (23) wl N, PA 5 SR BR B H G RS
) =B 3N
92H
5Pz = 2sr- (1 —7). (24)

HFs > 00 < r < 1L,HERQ3)ATLIEF
O*H /OP? > 0,1X 3 B W £ 751 & 1) B Wi o R 20
SRR TINHE P(2) (0™ R 5, LR AN AEE — MR E
RPr () N2 257 & B YR e SE I R4, O

FH 51 2 2 W, A B A A e I 4 il v o D R LT
G JiR B SR AR AN AT (R 5 UK 2215 B — AT & 1
B i s MU ISR EAN RS MR A, 8 TS RIBET &
R 55 B 18] [0, T) P A 43 ~F £ 300 B AL 25 e KA 1 B

AR, 70 0 T A RN 2 B A ER AL 2w AL
A IR 2 B eI 2w LA LI £ 48 & B 1S T
AU P E B

2 REAH 2% Z MR R AL A A
W2y 427 &, BT RIS N B JJ EPR K S — +oo,
FEF 6 RS I A [0, T) W, 241 S 3fe 4 5 SR IO - ~F
MM ae™ /(B + sr) +vq/(B + sr); V-G
BHRIF N srae™ /(B + sr) + sryq/ (B + sr); FeH
TRZFE N srae™ /(B + sr) + sryq/(B + sr).

EB 2P BRGS0, T N, Feis kN fE /)
KTFFREITHTFR B u@) > 0),HTu0) =0,
iu'(t) > 0,45 G RIS LN 2 S(P,t) F13f 2 if K&
D(P,t),% D(P,t) > S(P,t) "] 1%

@ —at v
P(t)<ﬁ+sr-e e (25)
2 (25) AT
max _ « . —at ’yq
B (t)iﬁ—i—sr ¢ B+ sr

11 & S R U 23 A2 5% T SR AR A B T BRI AL
Py (t) = Pox(t), B
« .efat_|_ 7(1 .

Pit) = B+ sr B+ sr (26)
$ 25 20(26) 7 AR N TRz B 2 S (P, t) Fl 3R 4=
TREFED(Pt)hA g

Sro _ —at srvyq

Sull) = B+ sr B+ sr’ @7)
by STQL ST
Du(t) = B+ sr ¢ B+ sr (28)

EFRAFE. O

R 5 B 2 Fr 43 LA R AIE BA mp S5 R0 A8 1 7 2RmT
AR T AR [0, T N, 24 i 3 T 40 5 SR B
I, 7 & AR SReis At S 2 AN Ife 42 75 SR 8 2
Wt T ) ¢ 17 B A AR .

HEIL3  (EIRSSHE R [0, T) W, 241373 4 75 SR B
B, P 2 A AR

1) - & B A4 A2 T 1) ¢ BRL 8 328 384 1)1 bR 4

2) P B TE ¢ I Z AR FHAT AR R AR, H S (2)
= Dx(1).

UEHR P& AR BR 2 P (¢) X B ) ¢ 1) —Bfy
SHN I S50

dpP;(t)  —aa

— L a—at 2
dt  Brsr O 29
dP2(t) aa
a2 Btsr o (30)

BT i REFR KRG K, Wa < 0,550 > 0,8 >
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0,s > 0,0 <r < 1,mu%ﬁ(29)ﬁdps(t)
*2 de

30 # O 0 RO R
38 TG PR pR B, HE R 3 D) AR IR, A (27) A (28) FT
51,82 (t) = Dri(t), FrUAt i ZIHIT BB R R u(t) = O,
W HSER A b - u(t) = 0,41 37 2) oz, O

FHAE 18 3 1T J0: 727 &5 IR & B a1 [0, T) N, 4T 3%
e 2275 R PIG IS, 7 fE T I 3 ia 1L B g ) G R oK, BJY
S — oo, NLBLT & & KA B 25, ¢ 1 %) 1) 5%
PN HE P (t) W e R HE P b 3R B8 %2 (1) S R 4L 2 =]
FUMAAE & R $2 i Ffeias ik 5%, Iy S = D (), Rt
T 7 Ak, BT T I R 7R SRAE A B, s
¥ P (t) B & B (8] B HE RS 1T 5 1 38 38, DA SR FR 43R
B Z (1 Feia i N ge /1. v LR L F & L % 3
AR Ieis BN R 7, B3 kb T IR ZE TR SR IT B AE
5, I u(t) = 0.

EEI BRI MLAZET G 1R 2 A
WL BR %, B0 17 37 3fe 3z {1k BB J3 A7 78 H IR S, 718
ﬁ:_hnﬁiiﬂﬂ_ﬂ)§T<ﬁﬁ$@

a Sro (6%

NG N e /(B + sr) + vq/(B + sr); 40 <
t* < T, FBTERRS I 8] [0, £ N I B AN #& R
ae” % /(B 4 sr) + vq/(B + sr), FEARS ] (2, T] N
A A S/ sr.

R REER Q. 2 551) < SAAL <

1L o (S-(sr+B) g , - N

—gmg—zg———g)%uﬁﬁnﬁﬁ$uﬁ
BT S KIS (TR ) S, B

> 0,5

t*:—lln<7s'(sr+ﬂ)—ﬂ). 31)
a sSro (6]

WP < i FET A RS IR [0, T] M, F AR
Feiz LN RE /7 E R ZIH, Bt DU A 4% [\ 56 X (26).

W0 < 7 < THLET- GRS 0,7 W, F i
A2 ez N H7 E R 9 29 3, 1 75 AR 45 I8 18] (2%, T
W, P G R 4 RR B 20 0 B AR A A, DA B K Y Ffea fit
NEBE 7S F2 RUTT RN 2 TH 7 B F 3R 2 7 SR, LI A
g N

a 2.
N GRS
S ey
ot te (t*,T).
(32)
EHMSIE. O

FH o H 3 0] 0 75 B MRS B 1] [0, T N, 4T 3
T 5 FoR G, e iy st NE N AR, P&
BACAR P (t) B Jo 2 o5 B (8] 1 HERS Bafi] s 38, 1K

5 HEWR 3 R & — BUK, 2R, Ak R v B —
FRFEI, T i KTRIB BRI RE 1) S © AT I & il
1T RIB R S5, RIS - & R o2 v afe 44 A SR Ul BE
Z AR S R HUINAE &, X 5 92 br & — B, £
3 22 ey W AT A I 3, ey T ofe s 4 I BB 0 A B, e 2 K
AT AT I 3R 42 554+

R4 EFEARSSIE [0, T) W, 4T A 4L TR
SR I, Hh e 2 3R] A

D) T < t* B e 2T & Teia ki % 5 o 4
i RAFME B A srae™ /(B + sr) + sryq/(B + sr);

2) 40 < < TH,SFATENRS B [0, 7]
W, t I ZI P & s 4 B 2 5 ofe 22 7 SR A 55 B
o srae™ /(B + sr) + sryq/(B + sr), V-G MR 5
1] (8, T) N, P G RIS R A S, e 2 TR FE N
srae=/(B+sr)+ srya/ (B-+sr)+ [ (srae™/(B+
sr) + sryq/(B + sr) — S)dt.

W ST < W, B TP a2l KR
B R fE 71 S LI, T & TR IE N R [F) 4 5 (27),
Fe 4 F R FE R (28); M0 < ¢ < THLIETE )
S5-I E] [0, ] N, F & AR Z T g aeig R ge ) b
BR S [ 20 3, T 7E T 6 MR I IR (84, T) A, F & iz
R R T 3 ez i B ) ) IR S, e 25 7 SR %
L5 WS, — 53 9 e I Z0 T I B SR 22T B K
srae” [ (B+sr)+sryq/(B+sr), n—#5r R HRIE
6L 0 4 B B SERAT H R [ (srae™ /(8
+ s7) 4 s77yq/ (B + sr) — S)dt, T AT 5 ez it v %
IS E Y|

S.(t) =

{ o e LT

6+87’. B+ sr (33)
S, t e (&)

Dy(t) =
sra

Ca—at ST
B+ sr B+ sr
—at

srae + ST’yq
(B+sr)  (B+sr)

t rsrae sryq ~ -
| ((ﬁ+sr) t Gre —S)dt, te (#,7).

P

,te [O,f*];

+

(34)

HERARE. O
IR 4 W] 27 5 R S5 8] [0, T A, 2417 3%
e 22 7 SR I, 25 SR Seis ML RE A IR, P G kis
PR S (1) FE R ARSI SR IR T, 1 e = B E
I T (¥ HE RS SR 3, SR ), 241 6 3feds i B R A 2
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T 37 i KFIE LR B 71 S I, 1 G 5 445 S oheih 2 1l
W75 3R, T Bt /MU ZE 75 SR AT LA AL %
2.3 WIAREZRATEEERKEN R

MR EFRABN T REFREIESRET
SRARAS Z 18], I AE — 52 X3, 75 BAT 3R & 5
2 S IR A 2 W HLEE A AR S5 DRI, 767 & R 55 1 (]
[0, TN, Ui T ETHFRAL (Bla = 0) B, TR
2.1 8022 /NIRRT 2, I ) 227 G 4R 0 1N 1
AL 75 1A, A WL 0 5 R AR BT BR ZE R AR,
B v(t) = u(t) = 0.

EIR4 VG MRESHE [0, T) A, 4R E T
RARAER V- G AR A of (s + B) +vq/ (sm+ B);
SFHRIBHERIF N sra/(sr + B) + sryq/(sr + B); T
EfREFEN sra/ (sr+ B) + sryq/ (sr + B).

HEBR  ARPE G RIS LN 2R S (P, t) FFRe R K
K D(P,t), 1 D(P(0),0) = S(P(0),0) 7[5 P(0) =
O WA @), S R AR T
HEFF O I 21 B AL 75 1 i, A5 K = H I o (¢) # 08K
u(t) # 0,FTEA Py (t) = P(0), &P
__«a "

B+sr [+ sr
¥ 2530 (35) 43 IR N & Feis % S(P, t) Al
T KK D(Pt) T, 4

P (35)

sra srq

Sy = 36
T B4sr B+sr (36)
. sra sryq

D; = . 37
T B4sr B+sr 7)

EHARIE. O

HIE B4 TR fEa = ORITE DL T, 73R 42 76 K
ANBER 1R B A AL, P2 257 & B s AU 1% 9 5
1 B R G FF o B R ER A 2 F AR R feis it
JSLRE 77, I PR 1F 5 T 730 45 75 SRAT L1, LUK
HEFFF BT RIBE.

3 HEST

AR TR R B 57 S R AT 15 B, 36 E
TR 4 T RSN T ML 257 6 I 55 B4 e st
BRI 0, TRIIE 2047 117 3 T 4 75 SR 84k R B o FHF
B M55 i & g W A BN A s 51 & B U AR 5
M), AR 485 7 ¥ LR AT 7R SEBR IE A R, E B SR
EWR:T = 40,0 = 105,85 = 1.5x 105, 8 = 103,y =
600,s =2 x 103, r = 0.6, = 7 x 1074, ¢ = 100, ¢ =
h = 0.1. % a5 50.08. —0.03. 0 LE R IHTRE:
TR TR 737 T 25 75 SR W A Tl 37 9 4 75 SRANAR
ORFERT

ET S TETREZR (B a > 0) LT, ML
o 5 s % B I (8] )32 AL B2 B 1 2(a) BT, B
& B ] O HERS, B AR AN S Py (¢) A2 S0/ 5 19K
PR EL. B 2(b) R, - 6 3feds 14 N SR i 3 N (] 1 e
%, X 3R W e AN A% Bh A 52 1 5 Sz 1N R, 8 4
TR Z AP 2 AP G, 5D 1 & ity
RE B 8], X S HEVR 1 R HIR 2 — B S34h, K
2(b) I BAFE &R 2> T LR 7 & U5 R A i 3feis
FERBE ST (R w(t) > 0), i 2R 2 P RIS HLIR. 1
B 2(c) s, ~F & Wi o 2 fi 5 I TR0 KT s 73 4h,
M 2(a) FTEL 2(c) H30 AT BLA Y, 161 6 ik 55 1 18]
S0, A B3R e F AN BE IR AP ST 4 7 SR A I Wi 2 O
M.

75
70 f
65t
60 1
55¢
50
45t
40

P (%)

0 10 20 30 40

t
() IBEHHEIL

S(#H/D(t)/10*

0 10 20 30 40
t

(b)  PERANFEREFALIIT
2.0

1.5}

£ /10°

1.0

g

0.5

0 lIO 2I0 3I() 40
t
© W2k ZA hhi
2 FARMNIE HEMERER
WER R TINIT (o > 0)

ET T2 5 KRB (W a < 0) BT, M4
eV G s AN A Bl I 8] AR AL BRI AN 1 3 (a) T 7, 7E
JR 55 BF 1] [0, £) P9, SRR % Bt B () B8 33 388, i 7
[, T P, S AR A B N 1] AR 4k, 3X 5 e 3 3 R 3 A
& — 2. I 3(b) A1 3(c) H ] A1, 24T & BT 7 3k
BHENRE AR IA BT IS B8 ) L BRI, 78 SR A A%
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MBI AR R, 1 & 3feis N R MR R AR AR FF1 1,
HAV- 6 Weas 2 B I [R1 48 KT8 K, 10 241 & BT 5 3
BN fE F1iE BT AR B 7] LRI, P G afeia
FOR AN BB A1 A2 AL, U 3 17 32 75 SR e AT
FER), 6 W R ZOR Rk BT, IRk iS4 ik, K]
3(b) HH BHREER 40 W] LA H, 1 65 K% 11 i 3fe 70 7 SR AT
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e Y SN
130
120
110t
~ 100}
90 |
80 |
70 0 1I0 2I0 3I() 40
t
(a) FMLBNSMAE L
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W EE R (o < 0)
N T BRIV G RS R g WL T I 3R 4
i R R B a X AL M DALY 6 3 U s 1) 52
Wi, LT 339 4 5 SR S8k ) 175 DL 9 1, 1 1) 4(a) BT oms,
V-G A Py (¢) B Ik 55 5T & g 32 = i 4 0K,
R FRE— 2, 25 G BN 2 Bk 5 AR,
2 5 i AR 55 O . 4 1B 4(b) BT, 1 5
1% Py (t) b T 33 2 5 SR AL AL 28 2 a A9 48 KT O
/I, BV T 330 4 75 SR S DR LB AN A AR, 53 4,1
G W 2 BEE TR 4 R R B a MRS
Ji & g AT AR AL, WP 4(e) BT, 1 & S B W 4 B
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