Vol. 37,No. 6

i # T 1 ¥ i

Journal of Industrial Engineering/Engineering Management

AREEEXATREZDRSHBERS
1t 1 5% BY =2 Min F 32

Boo=', HRm, REH, AL
(1L#rm Tk K5 ZREMR, I Aui 310023; 2. Fi k5 SR E%, #ix 4M 310058;
3. RMZXF HFR, LK 100081)

WE. AZHIMSAHAEZRET AR P EREAE T AR ZTRBER, AZHIME AT EEIRS4E R
Y abih) | R RS AR FER ML —, AL HERAZIRE WAL S 4, ML LM RS RAE T A 45
F R ERAET A8 49 Stackelberg W AR TR ETHMIR SR ELL F R LA ARA G Ya, FFRE
LR BRMRSAA THEENG R, AAETABERRET, ZR MRS RAL T 69 £ L0 8 L K38 F0K
HLORTHHRSERARRER ARG, 2RI TAZRERGEETRADLRAZLHHEY, it Lk 2R
RBHA GG AR L TRAAERIRESE S, ZREPIR ST DA N T3 2 3 o, W TR &

2023 4F % 6 M

APAR AR 25 R (1) 25 N S FRBE T MIRA 3T 18 3% 43 o SRS R AR B, IR B AT B IR R b R At (2) R4
BARE RERBRSFHAF T EARSL, BB WELS A X T 697 apuh, 5F A BUF 4T T % A4 3R

B R R L

KER: ABHIMSE; WRERESBEE4; Stackelberg 55 ; A E; T HHH

hESY#ES : F224.32;F626 XHEFRIREG: A
DOI:; 10. 13587/5. cnki. jieem. 2023. 06. 019

03%

TR B I 55 2 i CELIGE 0 IR 55 SR AL R AR N A AR AL R
Je P UITR) E B (LR S A TR LR TE L R
HE VST BRINES ) I A R A B e B = Ab
Tl , DT (s VB AN T AT (9 3 2t R A8 )0 i ol
o IR, VP2 EIR M I 55 S AR 4 o T 3 o 0 1
PoE M=, i, ER R B RFE R MWL T, AT L
M Netflix . YouTube , Amazon , TikTok .HBO 25 £ N AR 55 75
TR, B, 4Rk He B i B IR 45 72 2 R T
Gy b2y TR AR U 2018 AR, TikTok 3@ o £2
PER PRI S8 R R A 2R 150 24T L&k, IF
BN 75 FE S o MR — DR S BRI IR 55 1 N 2 4
BERS, Facebook FH FREE A A& i b E < By F P B AL AT 67 4R A B
R ARG, e, = KB shis & v E bGE b EE
A EHAE S5 AR R NS SRR AR, 2 1 P R AL
PR THLEE , FLVE P TR 0 i IR, AN T A
AR E BB, fln, b EBOE TR E R B,
BIAT G 2l (57 YIRS TR A1 T A Ao 17 o 8 2 B i ok
AR X v A5 IR 55 A 17 B 14 2% 2 5 0 0 R« L 0 R 55 2 it
TR LA ) P 25 B A R OB A/ I A 2 U IE
PR R T DA% P A i kY I 5 L P 4 P
R s HLP AT DAFEAR G i a2 i 5 00 T 52 T8 2 (0 HLER M)
M55

Wi B EA: 2021-06-26

XEHS: 1004-6062(2023)06-0227-015

SR, I B IR 55 (0 R b AR B S R T T2 i 438,
HEPPE Uit it e By ik 4 1 2% rh sy SN B EE R K S
JAERRMEE T REIIRS . SR80, 53 —Fhos & W) 5%
N U B IR S5 AE S 5 DL T AT 3 19 2% vh Sy M S, 467)
S B I 5 & B4 F 2017 45 2 H 4558 T %} Verizon .
AT&T FI T-Mobile FZ 9B 198 A, A % BRI R id
TS PSRRI ST 2R OC TR R B IR 55 G s
AR A 2 I U IR T T AT 2 5 T EE Y
BEIMBEA T w2 BT AR IR S T s, ST
gerh A SCHR R 5 1 = A2 5 05— IR 55 4 it
T ISR AN P —— L 2 i 3 0 B AR 2 A AR AR
TR B I 55 Xk AR IR g5 T S R SE ma L] . Ak, X A R
5 IR i 55 148 1 R A A B A R 2 ) A L 5 (MR B
B ) B ARIC S BN, B 50 P 25 B R A O e B S g
508 8 A 56, 25 B O IR 55 B AL i o) P 2 B 4L T 1
AAE BT A, W B T E AR T3 00 P 25 42 446 55 2 R I o]
e B SR, LI I IR 55 B A R T R o a7 TR SR R e T I i
Tk AN E R, PRI, 78 58 42 A7 B RUAS 58 2 {5 8 W 47 BE
W I T B IR 55 2 Al S ) e A R 55 Rk 6 AH DG T Y
Wt (ROH) sk 2etid], B S At 2 BOSCRIFTR M E

AT T FAHE R BE AR HR I B B R 45 o v A R
SN RS 5 FH R (BUT) R A R A, 3
FTRBIFFEAS I it et 8 1 75 3 S 0 24 v Sy P 1Y ) A T 2

HETE . WA bR R0 H (22NDIC054YB) ; [ 5 & A0 & 151 ¥ B35 B (2019YFB 1404901 ) 5 [ 5% [ 4R 3 4 T K T0 H (72192823)
* WIEE: FHR(1976—) B TR TN s WL R FE PR B 7 A S0 BT 7 ) W0 0 24 R0 (AL 07 % P ) (AL 7 % 4

— 227 —



B =% ARG AR T B A B IR 4 <t o 15 R A B e 09 R e BT

8 B 2B FHE SR BRI 76 S [R) A9 55 B3 T 066 90 i 55 $2 4L 78 A0
NP HE R Z R BT ARE B3 BRI , g2l FATT¢
T D B 45 X LK ) e S5 8t R AN Y A BRI R 32
PR ES TH A RIS U SR L AR A R, FE
R 55 T 3 22 W2 1, MO R Stackelberg T ZEAFRY | A1 45— A4
IR O IR 55 4 L v 1 SR 4 A — S PN 2 R L R R A B
o FECRIIR S AR O S 2 A A R 2R, A
PR V)£ BT T 55 B B R P OB B IR 55 B 0L, e
g 2270 LI FE P TSR T A (0 B P SRR R 1 PN 2 S
MOTHFE) SRAVEERD . 5858 205 BAA 58 205 B PR 5 1%
Be , HoA R 58 2o B8 TR 90 B 55 $2 (4L T AS 3 PR A 4 it
FIZE AR

MBI RIS R |, 7658 415 BN A S AL Ry L AL i B Bl
L5 N A R B R BT B 3% (B PR ) B A G, — i
SR, T B bk = | 3 PR A AT, P9 25 B2 4L 75 174 % B L 9]
Fo MSEIHLEIRE BT 45 R 2= I it e B IR 45 R b i &
RT3 i H AR IR S (R R 4 1 2 5 8 I RS (BORT) Ak i4
R, T E I RS SR R BAT Je R AR, G IEE P
FE M SR W T LR IR A1 A ML 25, D TR PR 275 2 448 7 1 i 25
FH PRI T 28 2 AR AR A 2 A 2

AN R TRIE BT, U da e B AR 45 o) A5 AR 55 1L i
HERE LA R ZER . A2 E BT, AR
BERTIIBATT B SRR T — KT, A LR A S 3R I 2
el , PR B HRLAR IR 45 L A AN SZ 5 TR P 2 B A R R 4t
BEBILAUG U 5 8 By IR 55 0 26 4 w8 B ) R 45 £ AL 1 1 ik
ik, Pl N AERAE R LSS . P RO R 2 48 R T 52 19 3%
e U e T BAR B 28 . A ERBERT A 3T 19 2% v T
I, 3 B I 45 8 v P S R e A ) 5 A0 T (5 st )
MR .

HEARTEE(E BT, AR LT 1937 b 2 b F8AITK
S, AN PR S B, R T A it IR 45 X P4 R 4
NEAEFEA R, BT B SR, P A SR AL R R AR LR
B, A PR AR TR 00 3 B AR A X T ) 9 Ak TR R
IR T e A R 55 s AR 6K E 6 X Ml 45 2 (R R i i 25, L
HER EERA AT S INGE RS, BT A & 5 5 flices (R firkt 4
ERFEB BT R . SHPR AR F 3T 3 9% b FRARK AT,
PRI BRI T A A 2 52 7 PR 97 8 8 R 45 1 SFE I T 348 o, L
SR v AR B S RAEE A B R 0 i B A

YR A A5 BT LA — o R 555 B0 X R 45 4 AR 1
M SE A AL, B v AR IR 55 WAL i 1) 43 BE P

ASHIFFE I T TTHRAT « (1) BRI 5 e Bl 55 % e A A
SN HEA S 505 B AR R S L 5 (2) UE A
WA BERT A D HAAA (5 L, PT LA —E R B
R il 55 412 AL i 1) S e DL 3, B8 v v A IR 95 WA i 1) 40 L T
Mo (3) KILN A HEAE R A Ry HALA {5 S, TE R E A 1
T AAEM R — B RS R T A S 50T
Weas (CROT) MBS 450 B A A —Jr il s (BUH) o« (4) ML
i %ok H 55 R 95 1AL 1 i 114 17 47 Wk 8 R ) R AL S s A SR
W, <TI0 AR i B 55 S AR 4 I AN R —
HELE,

ASCETTLHANT 28 1 5 ERR T A W AH OGSk 28 2
TR EeF B Stackelberg TR | 25 A i
FEARSCT e (U LA RAE SRR 56 3 IR RA S 2 1fF
J31Y Stackelberg THZRIIRY | 45 Y F4) 4 fife | AL 17 42 AH G 7 (19 1
i (B DA B At 25 AR 55 09 40 o PR RASE R T (9 14 45 SR 0F
T LA 0T, 14 0 T 7 e 8 ) s /s R SR 18 50 5 9
SERSCTAE, 18 MR 2 LA B AG S — 2 G i )

1 XERGRIR

T, £ %58 2 19 SCilkont o 1 % B IR 55 R IR W95, B
i, EU A2 9 SCHlkox e B AR 45 T R R 5 . M3 1 e B
SR AR T () SRR, CL A BFSE 230 A 3 37 4 e B
Il 55 FIBE I M 45 4 A4 7 L P9 4R R R P = D7
Guo 25T BIFFE K B, HCF W46 v 7 J50 U A Ik T Bl 2 Y 4%
FRIRRTEH TS 35 RN, Zhang 25057 IA R | 24 T 1
TR 5 55 AL 144 DO 24 S 6 05 F 776 o I, 7 B
TESEI A R T3 3 % A B4R LR . Joe-Wong 451° #4H
FIFA =77 40 AT LA S S B b i s, (ELFH P A28 384 o ik L
NASRGERTE 2. Mal 7 BB TE 45 5L W1, R0 55 40 39 im
TELR N AT 0 32 4 1 AR A T U0 SR Tl 3 B L 8 32
ey, WK T R 2R R RS - (1) W A A
TER 24 w5 B HF (R 00T, R B RMU , BRTIT , Mei 2512 BF5¢
KB, VA X B T A% B A Ok T R 5
S TEsE AfF BEIE b, P B R AR T R A
() ERFERE B IR MRS RER A, £1
BAEE T IR 55 S AR JCRT AT

£ 1 TR AR % MR IMAE 3 3Tk
Table 1 The related literature on the impact of data sponsorship service

g EAGIEES LI A S5 AR L R WA SRR il FhestE A
Guo /f;:—’:“ ISP HY5E M X X V4 V4
Zhang %5 R 5 v v v <
Joe-Wong zelo] e R 55 vV Vv \V X
Ma"] TR IR 55 vV X x %
Andrews!® e R 55 vV vV X vV
SomogyiD: L34 (Zero-rating) X X vV \V4
Jullien 01 Sand-Zantman! '’ IR 55 X X X vV
Jeitschko 3‘%3““ MRS & W& If X X X vV
Mei %112 TR & A 15 B x x Vv x
ALY Tl e DR 55 vV vV vV %

— 228 —



Vol. 37,No. 6 g

O O

2,

¥ 2023 & % 6 M

A BIFFE S T L 5 I AR 5 %) FL A5 I 55 i 4 2 AR A
(52N, Somogyi'” i 1 I 199 fIR 55 B AL R O HE Bh v s
FUANTR] 2 -5 1 I 8 B RSB o A 2 R R ) S 2 TR
. HATTERM, RN A BA WS T, I & A
A5 2R A B = WG], AT RE R A T R 2 A A
Jeitschko %51 B, LA REAR A 7. P 2 BAE R 1 e 2 S AR
TIPS TEUGEAT AR A 5 T AFAE ARG R 5 24 0
PUGR T % B B e R B SR R TR AR AR R S,
Satybaldy Fl Joo' "™ AR 5 3 B , £7 76 4% B S AT i, 53K 199 fiR
F5 PRAERT AT AR AL R A S 15 AT LU R A5 A R, SE B
e AL 2 SR A

AN, 15 S o8 A PEAE T 2R 1 4 rp ke 3 22 G 91
BT AR B IE 4 MO0 T EE ST R B Andrews 451 B
BEH MR S5 P2 (LR B B A SRR B . A BESE
TEAR AN TE IG5 T X FLIE 190 i 55 £ (L g A oA 2 4 it g
Z RN 52 HAG HERARS 50, ElDelgawy Fl La"'* Kt H. 5% 59 IR
5P LR RN 2B L R A by X A £ B R ) RD N S A
Kim" ™ HEAR 58 425 B R A XSS (LI IR 55 B 44t i A
AR AR ) TR

IR, AT WETE T 58 A5 B 78 A5 B R RS
35, TR o R O 4 R B R 95 % = (LR DO i 55 SR IR R L N 2

PRALETFIA ) BAL AR AR, AR SGE R 20218
B AN A — LI I IR 55 A A R R — A P A SR A R Y
HL A5 IR 55 A 007 5 | % T A i 2R R B T i B W B 2 e R AT 0
Br, IF RG B E R, g g E s S 55 %
PR L

MU AR, B A 9035 3l 1 A5 I 5 T i
PATEI ) i 55 B AE 4 0 3 B R0 T SR Y, TE 3R T i 55
PROLRTE N AR AR P A A SN LI R 5
PRAS TR0 PN 25 B (A 7T AR O XL4H 5 2 L FH P VR A A Bl 3 4
Stackelberg TR A SCHE A {5 i 45 1 5 1A — 4> 1
ARG, I DL LI ) IR 55 B2 A4 7 O 45 L N A B AR R
BRI E Stackelberg TZERIAIDT | 17 Bk W IR 45 42 4L 75 A0
PRI 25 B AL 5 0 X K 0 ) LR A T BTk PR, T KR
LI 0 i 55 4 Bk R A P 2 B AR R R UL S P B IR 55 ARk
P ——EL K WO IR 55 SR BERT R AL 2500 15, N2 SR AL R 4 1 s
ETERMFEL N, 22 L T AR AET Stackelberg
RRERL AW FE AR AL AL G = 2S5 T T SR

2 E2{5 2 H Stackelberg 1EZF
RS % e — W G L A5 IR 55 L 4% (AT RR TSSC) , AL dE
— AR IR S SRR (TRTFR ISP ) F1—A> N 2 AL (fRTAR

% 2 BT Stackelberg HHEB TR LR
Table 2 The comparison of the studies on the impact of data sponsorship service using the model of Stackelberg game

e VSH SRR BHE  RHAMIR TE
R () 2500 T 8 A J2 G545 A 4 W B 4 5 4 7017
SR WA R AATR (O AT , T 5 B R BB — B
thang 50 SECIOR yyseimpin iR (2) BRI S R A S M T RO LR R
Rk ao 7 IR, T 10T 25 4 A0 2 7 e 25
L (3) WAL BT s 25 KR A AR R IR 25 22 5
— 1) T B4 B 4224 B fl RS A 3
Andrews 50 PTG pyBHROG VAR ILL (2) BRI BRI T E 5L e 4 R R
e HERT 2 VAT 4M
HRE RS WK (1) FEsells BRI R B AT S A
g MR RV PR R (2) A G R AR A
ei SEIOERTR Y il R, U ()RR T30 2 (A5 2 L P o ¢ I 5 4 B 6 s
e BRI R SRR,
RIS 1 P AR
Saybaldy  HECRIRS R, A SAREEIRENTE 1) s 0 0y 2 4 1 DL i 1 S0
Filool ¥ RERF1 HRIMem T S LIEPES e i e A
WA I At
s (1) 05 R 25 3 A0 4 4 630 2 FLAT 30 0 1
K 7 HEL 7
ElDelgawy ﬁﬁgﬁi BEANT = %gg%@ gy SR SR SHA AR,
a0 i (2) Fiber A Pk T 0 0 U 25 0 0 O 2 B 26 2 [ 01 B 2
e 75 1R Bt
MRS
Kim 19! pelttpppg OO AW ()AL MO T — R R B %
@%ﬁ‘rﬁ i B KT
RS o e o
iy RIS - (1) AP T735 024 R4 T 57 RO ()
Xiong % EEEEW e T PRI ) o 4 A A 2 D 5 S5
(1) M S P . 45 S DA 74 2 D IR T 9 6
T 3 A, BB BN 55 7 1 S, 0 o A 5, Bt
o TR S JESE el PO
A o PIAHRELET  VERBRIN O] (2) Al ELAHE R | 110 0 5 B 9 26 2 U4 0 LR Ao 2

]

T B 55 ARG A 2 B L A
() FEARSERMFBAESET , AR R o] RE ML 12 e B IR 55 30 2, IR 19
e 55 HA3E B B i 2 U T RESZ 45

— 229 —



B =% ARG AR T B A B IR 4 <t o 15 R A B e 09 R e BT

CP) o PP (TRIFK user) id ik 10K 199 fik 55412 LR 4 L5 IR 55 U
) A AR BRI AIE ATE LR N A, W 22 S0 2 IR 9 AR 55 £ 43
B —E B EEA p,, P ShA IR E A k) o
“ei” FoRGERAFE . RN, T HARTEL A A T TRAL R ,
P ) N A AR AR S A — 2B B R TT B 2% v, BRI S5
PRI B P e AR TR ] p,, , 1T PR AR 4R L iy o 22
DRE NP B R B SR B LU B B, . AR SRR B3t
PRGBS R SEBRSA R R S (1 - B,)p. . WAL

HELEAR a1k

TSR 1] FH P SO BT B, A (AT 2 R T
AR A SR TCTEN AT 25 1) WAL 5 oy . — oo
Rz 8 AR G A (B3R A | B AT A | ST A
) HIBAALIAR m(0 < m < v) KFIR ; 53— LI A
WA RN pB o R ELIR IR 55 2 AR A UL, S AL A
2 55 B SRR 1T A A O 12 AR 38 2 i B, 7 8 07
F PSR AIR 55 A B e LB AR N S8 B 01 ]
1R 1 7 L AR MR A5 (A6 107 6 ) AR 55 U AN 5% 40

A

CP » ISp

User

User

i &8

cp

1 BERSHNENESRNESR

Figure 1 The service— and capital-flow of the telecommunication service supply chain
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Table 3 The variable parameters involved in this article
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Table 5 The change of equilibrium outcomes after the data sponsorship service is provided
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Table 7 The equilibrium and outcomes of the Stackelberg game under incomplete information
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Table 8 The impact of data sponsorship service under incomplete information
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Table 9 The direction of the impact imposed by data sponsorship service under incomplete information
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Figure 2 The impact of data sponsorship service on the revenue
of Internet service provider and content provider
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Table 10 The comparison of effect mechanism imposed by data sponsorship service under different information context
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Table 11 The results of numerical experiments under different levels of subscription fee

v 1 2 3 4 5 6 7 8 9
m 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7
sE4fE B
2 -1 +bm
M 3. 14 3.35 3.57 3.78 3.99 4.20 4.41 4.63 4. 84
V26
3a + bm
m 7.58 7.65 7.73 7. 80 7.88 7.95 8.03 8. 10 8.18
e 2 -1)a+bm -1)a+bm 3a + b 3a+b
v {E Y X[ V$M (2-1) <ps2TOm v arom
2 2b 4b 4b
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Table 12 The results of numerical experiments under different levels of marginal cost
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The impact of data sponsorship service on telecom service supply chain under
different information modes

ZHOU Yun', PU Yagqi®, DAI Hongyan’ , ZHOU Weihua®*
(1. School of Management, Zhejiang University of Technology, Hangzhou 310023, Chinaj; 2. School of Management, Zhejiang University,
Hangzhou 310058, China; 3. Business School, Central University of Finance and Economics, Beijing 100081, China)

Abstract: Data sponsorship service refers to an innovative business model in which the Internet service providers (ISPs) allow content
providers ( CPs) to subsidize their users’ data consumption such that their contents do not count toward their users’ data caps.
However, the data sponsorship service has provoked considerable controversies on whether the service violates the net neutrality rules.
The social consensus on the legality of the service has not been reached. Thus, government regulators and industry participants must
urgently understand the impact of data sponsorship services on the telecom service market. A few studies paid attention to this issue.
However, few have systematically explored the effect of data sponsorship services on all three parties in the market, i.e. , ISP, CP and
users, and social welfare. Moreover, this effect is closely related to the information context between ISP and CP. Therefore, how data

sponsorship service affects the benefits (utility) of relevant parties and social welfare in the telecom service market must be studied
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under two information modes (i.e. , complete and incomplete information) .

Our work focuses on a two-level telecom service supply chain, including ISP and CP as suppliers. We construct a Stackelberg
game model with ISP as the leader and CP as the follower. We aim to investigate macroscopically the impact of data sponsorship
services on the interaction between the ISP and the CP, the profits (utility) of supply chain participants, and the overall social welfare
by considering two information modes, i.e. , complete and incomplete information. We separately explore the decision of ISP and CP
with and without launching the data sponsorship service under each information mode. In the sequential game, the ISP first decides the
access price of Internet service, whereafter the CP decides the subsidization proportion for users’ data consumption. Moreover, we
assume that ISP only understands CP’s marginal cost distribution under the incomplete information mode.

In equilibrium, the sponsorship of CP generally increases with the subscription fee charged by CP and decreases with CP's
marginal cost. CP chooses not to offer any data sponsorship under complete or incomplete information mode when the subscription fee is
below a certain threshold. Moreover, data sponsorship service may not necessarily be beneficial in improving the benefits (utility) of
the participants in the telecom service supply chain and social welfare. Nonetheless, the equilibrium analysis presents different impact
mechanisms under complete and incomplete information modes, which may inspire new insights. In the complete information mode, the
telecom service supply chain is not affected after the ISP launches the data sponsorship service when the subscription fee charged by CP
is below a certain threshold. CP chooses to increase sponsorship as the subscription fee increases. The data sponsorship service
increases ISP’ s profit while decreasing CP's profit. The impact on user utility and social welfare depends on specific market
parameters : data sponsorship service improves user utility and social welfare when the CP’s subscription fee exceeds a certain
threshold. However, the opposite is true when the CP's subscription fee is below the threshold. This result can be attributed to the
first-mover advantage of ISP, which may render ISP reap the incremental profit generated from the high data consumption from large
user size and even additional profit from the CP. Thus, CP contrarily suffers profit reduction from data sponsorship services.

In the incomplete information mode, CP chooses not to sponsor the data consumption when the subscription fee is low. Thus, no
impact is imposed on the telecom service supply chain. As subscription fees increase, CP tends to increase the traffic sponsorship. If
the marginal cost of CP is high relative to the subscription fee, the data sponsorship service reduces the profit of ISP and CP, user
utility, and social welfare. Thus, the supply chain falls into a sequential prisoner’s dilemma. Conversely, data sponsorship leads to
Pareto improvement of the supply chain when the marginal cost is relatively low compared with the subscription fee. All the parties
enjoy merit from data sponsorship. The marginal cost of CP can weaken the first-mover advantage of ISP to some extent and improve the
fairness of revenue distribution in the telecom service market.

In summary, our study implies that the impact of data sponsorship service is sensitive to market status, which can be positive,
negative, or even has no influence under different levels of CP's subscription fee and marginal costs. Therefore, a “one-size-fits-all”
ban on data sponsorship services may not be a wise choice for market regulators ( government). In general, traffic sponsorship service
tends to benefit from the performance of the telecom service supply chain with CP's private operation information and low level of CP's
operation cost. The conclusions provide enlightenment and strategic suggestions for the government’s supervision and regulation of the
telecom service market.

Key words: Data sponsorship service; Telecom service supply chain; Stackelberg game; Private information; Market regulation
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