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Software competition and service cooperation performance considering channel
encroachment and pre-sales service quality affecting software sales
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(1. Scholl of Business Administration, Guizhou University of Finance and Economics, Guizhou 550001, Guiyang, China;

2. School of Economics and Management, Harbin Engineering University, Harbin 150001, Heilongjiang, China)

Abstract: At present, many software developers not only sell software to users through downstream service providers, but also
directly sell software and services to users. In this study, we build the models of " Authorization" and " Authorization+Direct Sales"
respectively, and study the authorization sales and channel encroachment strategies of the developer, as well as the service quality
investment and software sales strategies of the provider. Moreover, we analyze the impact of developer’s channel encroachment on
the profits of supply chain members and the total supply chain profit. The conclusions show that; (1) in the " Authorization" mode,
the decision of the developer will not affect the software sales pricing decision of the provider, but only affect the pre-sales service
quality decision of the provider; in the " Authorization+Direct Sales" mode, the decision of the developer will affect the software
sales pricing decision and pre-sales service quality decision of the provider; in addition, the channel encroachment of the developer
can dampen the enthusiasm of the service provider and stimulate its enthusiasm. (2) Channel encroachment will cause the developer
's own software sales/authorized profit to decline, but it can increase the sales of software and extended warranty services (EWS)
and improve the software developer’s EWS sales profit. (3) If the market size occupied by the developer is small, channel
encroachment can improve the profit of the provider; however, if the developer occupies a large market and both parties conduct
low-intensity software competition, channel encroachment will reduce the profit of the provider; in addition, when the developer
occupies a large market, both parties carry out high-intensity software competition, and the developer has (loses) low-cost
advantages, channel encroachment can reduce (improve) the profit of the provider. (4) If the market size occupied by the developer
is small, channel encroachment can improve the total supply chain profit and also reduce the total supply chain profit; however, if
the developer occupies a large market, channel encroachment will always reduce the total supply chain profit.
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Fig.1 Profit of the software developer in the two cooperative models



55 6 1 TR, 45 . 25 TR URIE AR5 1 iR 55 Jo 6 B2 My B A R 5 4 5 IR 95 B PR SRk 123

FH L1 AT, “ B SRR , TR A R AR T A+ S BT RN, X R RE AR &1
B KT A S ANEAZ 0, HR, FF AR A SR IE AR AT DA IR 5 e (R A 55 dt , AT DA i 9 DR IR 55 4 5
FE CAnHEre 3 Bk ) o PRI, I AR 2 T RH ™ il il LS A o T ) R R RS T IR IE AR

Bla=1/5, y=0.07(0<y<1/4) , c, MEUEIEZE A 0.33<c,<2((6-4y)/(30y+15) <c,<2) ; Bl a=1/2,
y=0.04 (0<y<( ~/94-8)/30), c, WHUEIEE A 0.36<c,<1.94 ((6-4y)/(30y+15)<c, <(6y +28y+11)/
(-12y°+6y+6) ) ; Bl a=1/2, y=0.18( ( /94 -8)/30<y<1), c, MHEUEILHE A 0<c, <2, 2 FhEVERT IR
SRR AFNE A 2 fR

0.40 0.20 0.30
0.18 o
L . [ .07
0.35 | 0.251 0.06
0.16 003k
0.30} . . 05,
n 0.14, 020l 004}
0.25 \ 012 00
020} Soq0f Soast N 00! B
= Sl =9 ST 1.0 12 14 1.6 1.8 2.0
0.15 . 0.08} . ,
I U 0.10f
. 0.06 .
0.10}
I 0.04f T 0.05
0.05} R 0.02} . _
0 e e St SO : T
033 0.530.73 0.93 1.131.331.531.731.93 (.36 0.56 0.76 0.96 1.16 1.36 1.56 1.76 0.5 1.0 15 2.0
(a) 0.33<c, <2 (b) 0.36<c <1.94 () 0<c <2

K2 2 M E PR IS5 Ry B A

Fig.2 Profit of the service provider in the two cooperative models

FH T 2 AT BE A 30T T R E LR IR 55 LA 38 K, 78 2 P B AERE T, IR 55 1 4R A5 04 1) i) 128 07 B AT
AP 2 Ca) AR, BRI AR o5 18 B T S MR NN (o= 1/5) |, “ A+ ELRS” B VERTT | IR 55 1 1Y A1 R
T A BT BN X R L R IR IE AR A R T4 S IR 55 i AE . BB 2(b) AT, Y3 A&
B AT T AR K (= 1/2) , B X5 AR5 4 B RS I (0<y< (/94 -8)/30) , “ AL+ HL 8" A 1E
BT, i 55w R /N T A BT AR 3 3R B T 2 R Y R AR 23 3 IR 5 R A A 2.
2(c) A, BT R o 0 T SRS A, U ) A e i B R (/94 -8) /30<y< 1) , HIF &
T A AN, SRR 55 AR /N T — i FHELIT, “ B+ B B AR RSG5 R AR /N T 5280 B A )
T X T W K R U T AR 23 1 IR 55 R R A0 2K 5 R, 250 & R 1) B, JE ORI 55 AR K T (BT
R B A YRR R S5 R A A T A BT BRI X B A R I SR T AR A TR e IRk
55 IR

B a=1/5, y=0.07(0<y<1/4) , c, WEUEIEFH} 0.33<c,<0.5( (6-4y)/(30y+15) <c,<1/2), 0.5<c, <
0.78(1/2<c, <(80y*+258y+103) /[ 10(8y*+36y+13) ] ) ; Bl y=0.07(0<y<0.14) , ¢, HIBUETEE K 0.78<c, <
2 ((80y°+258y+103)/[10(8y*+36y+13)] <c,<min {2, (6y*+28y+11)/(-12y*+6y+6)}), W y=
0.18(0.14<c <1/4) , ¢, BEUETLHE N 0.77<c, <2 ((80y*+258y+103)/[ 10(8y*+36y+13) ] <c,<2), 2 Fil
HAERECT L RS ANE A 3 FR

FH L 3 AT, Bl T R T A ORI 55 AR 38 R, 78 2 A G VERR ST b 17 4 2R 498 RV 4 T AR I
3(a) B 3(b) AIH, “ 2B GARRT R B R G AE R T B+ B BT A X R & R Y
TR A Ao i UL I 4 2R G A RS (PR B Gt 2% ) o BT 3 (c) T, S TF R o 4 00 Tl S RS e/
(a=1/5) , BT WA SE rom BE 3055 (0<y<0. 14 ) HLIF & 1 I 8 O AR 55 AR B AR sl bl 3 1), < A A AR X
T BN BE R GEANE KT A+ B BT BRI, T & v B R A A e 2 1 AL 1 B 2R 48 MV R AT XY
R AT R IR 55 AR R — 0 Bl N sl st < R0 B ARRECT RN aE R G RN /N T A+ LA " U 1Y
FE I AT SR AR AT 4 e N 4 R G A, B 3 (d) AT, SRR AR T RN (a= 1/
5) A5 PR SE 4R BE RO (0. 14<c, <1/4) , HIF R T B IE LR IR 55 AR BEARIT , « 5280 SRR | At n i
RGN R T A+ ELAS " BT BRI F R R 0 B8 AR 2 B N B 22 490 R R AT 5 X4 0 & R I e



124 R R % M (B % R % 60 &

295 WA R FHe— i FHERS , “ A0 S ARETS | N EE R R /N T S+ B BN BRI, O A v
MR TE AR ] e = IR BE R ST

0.50 0.40
............ 038
0451 e g 036f e IT'
040k el 034 T
\ 032}
= 035t e = 030} e
028}
0301 0.26
025 0.24}
022}
0.20 : — 0.20
033 036 039 042 045 048 0.50 0.55 0.60 0.65 0.70 0.75
¢ Cu
(a) 0.33<c,<0.5 (b) 0.5<¢,<0.78
035 035
0.30 (= 030}
025 025}
0.20 o 0207
B 015 0.15}
0.10 0.10¢
0.05 0.05}
0 \e. 0 “\
0.77 097 1.17 137 1.57 1.77 1.97 0.78 0.98 1.18 1.38 1.58 1.78 1.98
C C
() 0.78<c <2 (d) 0.77<¢, <2

K3 2 v ERET B e R SR (O<a<at)

Fig.3 Total profit of supply chain in two cooperative modes (O<a<a')
B a=1/2, y=0.18, c, BIBUETEE N 0<c, <1/2, 1/2<c, <2, 2 MEVERRR , IS5 R i A dn
4 BN

0.8 < 0.4
N
0.7+ \\\ \\\
N
N
0.6} SN 03} N
N N JIT
0.5¢ S \\
\\\ AN
= 04f ~< = 027 N
\
031 7™ e \\
\
021 0.1r \\
\
0.1r1 \
\
0 * : * * 0 * *
0.1 02 03 04 05 1.0 1.5 2.0
c, Cw
(a) 0<c,<0.5 (b) 0.5<c <2

K4 2 P a ERETT B0 EE RGEMIE (o <a<])

Fig.4 Total profit of supply chain in two cooperative modes (a'<a<1)

& 4 RTAT, 2401 & 5 o 4 A T S AR KB (= 1/2) |, B T 2 7 O SE A IR 55 AR 386 K, 78 A A
BT, BEREE RGEAE B WAL, A SRR, BRI R GEAIE R T A+ 88 SR /YA
e P A R R TR 75 W XS N NS A N D SSTEWAN 5 (e R 2 ka5 LI BTEE] 2 (18
4 i

P

TEfR BB e rp , IF R R B 5 M55 1 A ) P 3R AU AR AR S R I 55 . AS Sz T 1R BE |



55 6 1 TR, 45 . 25 TR URIE AR5 1 iR 55 Jo 6 B2 My B A R 5 4 5 IR 95 B PR SRk 125

18 A A M RS | T A S A B R PO K R S R S5 R P Z R SE A S IR S5 A A, Wt
FAFRILA T 2518

(1) FE A GARMETT T AR W BUE M R 515 208 P I 55 7 DRSS 2 B2 W0 IR 55 789 9 P
Mrose, x5 AR 55 7 02 B BB (2 B A 55 i i DR35S+ LA SRR T R ke
L o5 R A BPE A B R S B RIS TR ook . T A R AT IR AR, IR 55 R B PRI
BAFEI B A% S IR RIREIT 5S4, MUAh, JT & R Y SRE A fR v 40 3 IR 55 B 9 BB APt ] 380k i 55 e G R
etk

(2) TR IRIE AR PTG AR A 55 5 P i 55 8 6, o mT R R AR S5 S DR e 55 B i, 49, >4 e 55 g o
PRI AT S UL AL, I 2 R ) U AR T3 I P 5 S ORI 55 9 0, 25 2 o 4 0 2 T S ML A
IR (R L) MOSA LIS, TF R R B SRIE AR T RGN (AR ) R 55 S PR e 55 B o, A, TR R RTS8
AR 223 B P E 58 5/ B BURITR T [, ELEUR m] 38 i i (9 3 DR AR 55 B B A, SR, SRIE AR &
T R R AR B B AT A

(3) JFRRIRYSEIE AT E 22 A IR 55 7 R , o v] e 2 AR 55 Ry B0 R, ) 6, 25 0 243 o 4 1)
T MU/ NI R AR 2 T4 i I 55 R BRI 5 SR TR, 24T 6 R o 40 ) T S RS R, B XSO Y B 5 4
SR RE R I | SR AR 2 AR AR 55 RO A oAb, ST AR o5 1 B T S MU R, XU B8 0 S 4 i R 4
5, FLIF R RS (2R 29) IR MUA L3t | Ui AR TR (42 1) e 55 Ry B9

(4) HITFR RS AT 7 UL N, TR R R SEIE AR AT RE 24 (RN R A , o i) RE SRR &
GUAIE 0, 5 R A A R e 55 JRAS R AR, e R O R T AR S BRI IE R G AR GE M SBUH, 4 XL
7 BT S 4 i BE RS, HT A 18 (8 3 AR 55 AR B AR sl e F O 8 R A SR AR L 2 AR A I B 2R A
T 5 SR, 24 X005 R 50 i BERE S | HLIT R PR SEE DR e 95 AR A 27— Y BBl N e sk, O 4 g B9 3R A= vl
e im0 B R G

S 3k

[1] FENG Q, SHANTHIKUMAR J G. How research in production and operations management may evolve in the era of big data
[J]. Production and Operations Management, 2018, 27(9) :1670-1684.

[2] SINGHAL K, FENG Q, GANESHAN R, et al. Introduction to the special issue on perspectives on big data[ J]. Production
and Operations Management, 2018, 27(9) :1639-1641.

[3] ALCACER J, CANTWELL J, PISCITELLO L. Internationalization in the information age:; a new era for places, firms, and
international business networks[ J]. Journal of International Business Studies, 2016, 47(5) :499-512.

(4] AEBEN,J7 ). By 2 e 5 9 R Trml g S RS LB I 29 N R 5 ARk [ 1] ARG IR - #ORHTHT, 2023 (12) :108-
111.
REN Xiaogang, FANG Li. Integrated development of digital economy and real economy: driving mechanism, constraints, and
path selection[ J]. Frontiers, 2023(12) :108-111.

[5] BEHRS AR, BP0 5 AL BRI EE R A O AR AR [T]. P Tk 28%F, 2023(2) :5-16.
HONG Yinxing, REN Baoping. Connotation and approach of deep integration of the digital economy and the real economy[ J].
China Industrial Economics, 2023(2) :5-16.

(6] BRIGELL, s R , 5. BC7Z5F B R R ST Fe B[ ] A A, 2022,38(2) :208-224.
CHEN Xiaohong, LI Yangyang, YANG Lijie, et al. Theoretical framework and research prospect of digital economy [ J].
Journal of Management World, 2022, 38(2) :208-224.

(7] AR, JREAR W RE . RAF IR S (L 6 vh AR TR R R MR AU & S AR R [T]. v [ A B2 2024,32(7) -
117-128.
REN Tinghai, ZHOU Maosen, ZENG Nengmin. The authorized sales and market encroachment strategies of the software
developer in software service supply chains[ J]. Chinese Journal of Management Science, 2024, 32(7) :117-128.

[8] DEY D, FAN M, ZHANG C L. Design and analysis of contracts for software outsourcing[ J]. Information Systems Research,
2010, 21(1):93-114.

[9] HONG Y L, PAVLOU P A. On buyer selection of service providers in online outsourcing platforms for IT services[J].
Information SystemsResearch, 2017, 28(3) :547-562.



126 R R % M (B % R % 60 &

[10] JAIN T, HAZRA J, EDWIN CHENG T C. IT outsourcing and vendor cost improvement strategies under asymmetric
information[ J]. Decision Sciences, 2021, 52(5) :1109-1136.

[11] MANI D, BARUA A, WHINSTON A B. Outsourcing contracts and equity prices[ J]. Information Systems Research, 2013,
24(4) :1028-1049.

[12] skt AR, AR, 55 AeafE BT ZB B sh i il i 5 M5 SRR B 24 (1], o [EE HRE 2018, 26

(2):126-141.

ZHANG Xumei, REN Tinghai, ZHOU Maosen, et al. The contract revision of cooperation of multi-stage mobile application

product and service under incomplete information[ J]. Chinese Journal of Management Science, 2018, 26(2) :126-141.

FEAEE , sk EA (K. #6 3 )0 FHAER S b 25 B B 5 A A AR SR RS 1] RS B4k, 2021,30(1) : 101-

118.

REN Tinghai, ZHANG Xumei, DAN Bin. Design of cooperation contract in mobile application supply chain considering

[13

[

quality and delivery time constraint[ J]. Journal of Systems & Management, 2021, 30(1) ;101-118.
(14] AEAEIE, KB, R, <25 o e 29 5 (9 B 3 1 At B2 6 7 i 2SS 15 SR 5 S AR R [ 1] IR HLAE I i R 4,
2020,26(10) :2799-2811.
REN Tinghai, ZHANG Xumei, DAN Bin. Product delivery strategy and cooperation contract design of mobile application
supply chain in presence of quality and delivery time constraints[ J]. Computer Integrated Manufacturing Systems, 2020, 26
(10) .2799-2811.
TEAEN , SKIOM, SRR, 55, 5 AN B i RS A 0 2 s i B8 s i T D SR S R [ 0] R 8 TR HiE 5 9k
2019, 39(3) :615-634.
REN Tinghai, ZHANG Xumei, ZHOU Maosen, et al. Decision and coordination of mobile application supply chain

[15

[

considering under delivery quality and delivery time constraints[ J]. Systems Engineering-Theory & Practice, 2019, 39(3):
615-634.

[16] REN T H, WANG D F, ZENG N M, et al. Effects of fairness concerns on price and quality decisions in IT service supply
chain[ J]. Computers & Industrial Engineering, 2022, 168:108071.

[17] L1 Z X, GILBERT S M, LAI G M. Supplier encroachment under asymmetric information[ J ]. Management Science, 2014,
60(2) ;:449-462.

[ 18] HUANG S, GUAN X, CHEN Y J. Retailer information sharing with supplier encroachment[ J]. Production and Operations
Management, 2018, 27(6) :1133-1147.

[19] Zit XA | SRIEFET , 4. LT 9 S (0 fin S PR 52 4 B T3 R 0 G AR SR [ 1] vh R B2, 2024,32(7) -
281-290.
LI Jin, LIU Gege, ZHANG Haixia, et al. Manufacturer’s decentralized encroachment strategy with consumer green preference
and channel competition[ J]. Chinese Journal of Management Science, 2024, 32(7) :281-290.

[20] FRAZE e A, 2. 7 i Al i B e A S R RIE AR [T ], A BERM 442, 2018,21(8) :99-111.
ZHENG Benrong, YANG Chao, YANG Jun, et al. Product remanufacturing, channel competition and manufacturer
encroachment[ J]. Journal of Management Science in China, 2018, 21(8) :99-111.

[21] sREME 2R TG AR RHUERE 7 & O 6 18 5 IR AR SRR (1], o B #RE 52, 2024,32(1) : 251-
259.
ZHANG Xuefeng, LI Guo. Opening-up or Laissez-Faire; research on strategies of retail platform to deal with manufacturer
encroachment[ J]. Chinese Journal of Mannagement Science, 2024, 32(1) :251-259.

[22] HBIA) B0, 56, 5. B IBAE R B A i 20 IS5 B A s i AR RSB SE [ 1], R TR RS 5 900k, 2022,42(12) -

3335-3348.

SHAO Tong, WEI Jie, CHANG Meijing, et al. The study of manufacturer’s encroachment strategy considering the traditional

retailer’s retail services investment[ J]. Systems Engineering Theory & Practice, 2022, 42(12) :3335-3348.

XURE A7 [, T IT K. BT IE LR IR 55 B A SR 2 g ) i T SR AR R [ J] . 5 B TR 2441, 2022,36(4) : 186-195.

LIU Zhen, JING Youguo, QIN Kaida. Manufacturer encroachment strategies based on extended warranty service authorization

[23

—

condition contract[ J]. Journal of Industrial Engineering and Engineering Management, 2022, 36(4) :186-195.
LA, il AR5 ST A/ EA S R R AR IR V] AT B TR, 2023,37(3) 1 138-148.
JING Youguo, WANG Hailong, REN Junling, et al. Manufacturer’s strategy selection of channel encroachment based on

[24

[

direct selling and direct renting[ J]. Journal of Industrial Engineering/ Engineering Management, 2023, 37(3) :138-148.
[25] BERNSTEIN F, FEDERGRUEN A. Coordination mechanisms for supply chains under price and service competition[J].



55 6 1 TR, 45 . 25 TR URIE AR5 1 iR 55 Jo 6 B2 My B A R 5 4 5 IR 95 B PR SRk 127

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

Manufacturing & Service Operations Management, 2007, 9(3) ;242-262.

ML SR, F K 55 A ARSI ARRE T 3 TR 55 S 4 2 B R e G SR e R [T ] TR EAF BB, 2021,29(10)
121-130.

XIAO Dan, NIE Shanshan, ZHOU Yongwu, et al. Co-opetition strategy choices of retailers based on service competition
under different market entry standards J]. Chinese Journal of Management Science, 2021, 29(10) :121-130.

HHL ARG, 2 0, 4. TR 55 5 A s 0 A IG5 SR A IR B B S S R SR S e A [ 0] P A B 4 2024, 32
(7) :270-280.

XIAO Dan, JI Xiaonan, LUO Yan, et al. Co-opetition game analysis of joint purchasing coalitions of farsighted retailers
based on service competition[ J]. Chinese Journal of Management Science, 2024, 32(7) :270-280.

TG L 2K 25 TEAUT S5 A8 KA R 5 4 (4 A SR B SR [ 0] A BIRL 22840, 2022,25( 1) £ 23-38.

FAN Tijun, ZHENG Qi, CAI Lu. Supply chain decisions for fresh products with competitive suppliers under different power
structures| J]. Journal of Management Sciences in China, 2022, 25(1) ;23-38.

PR R 5 2RI 7 i S IR 55 XUAE T AT i bR S B LRSI SE [V ] R ST T AR BIE 5 5L Rk, 2022,42
(4):1013-1025.

NIU Baozhuang, CHEN Lingyun, LI Qiyang. Brand-owners’ cross-border free-shipping decisions considering the two-
dimensional competition of product and logistics service[J]. Systems Engineering-Theory & Practice, 2022, 42(4):1013-
1025.

GUAN Z L, ZHANG X M, ZHOU M S, et al. Demand information sharing in competing supply chains with manufacturer-
provided service[ J]. International Journal of Production Economics, 2020, 220;107450.

sRAE T, N BETE T i R R AR R B SR A (0] P AT BB, 2024,32(6) 1163-172.

ZHANG Hua, GU Xin. Equilibrium analysis of manufacturers’ digital transformation strategy under supply Chain competition
[T]. Chinese Journal of Mannagement Science, 2024, 32(6) :163-172.

WANG Y L, WALLACE S W, SHEN B, et al. Service supply chain management: a review of operational models|[ J].
European Journal of Operational Research, 2015, 247(3) :685-698.

CHEN X, LI L, ZHOU M. Manufacturer’s pricing strategy for supply chain with warranty period-dependent demand[J].
Omega, 2012, 40(6) :807-816.

TSAY A A, AGRAWAL N. Channel dynamics under price and service competition[ J |. Manufacturing & Service Operations
Management, 2000, 2(4) :372-391.

CACHON G P, LARIVIERE M A. Capacity allocation using past sales: when to turn-and-earn[ J ]. Management Science,
1999, 45(5) :685-703.

LI K P, MALLIK S, CHHAJED D. Design of extended warranties in supply chains under additive demand[ J]. Production
and Operations Management, 2012, 21(4) .730-746.

REN T H, ZENG N M, WANG D F, et al. Authorization or encroachment: effects of channel encroachment on decisions and
performance in software service supply chains[ J]. International Journal of Production Economics, 2023, 257.108777.

XIAO W Q, XU Y. The impact of royalty contract revision in a multistage strategic R&D alliance[ J ]. Management Science,
2012, 58(12) :2251-2271.

CHE Y K, GALE I. Optimal design of research contests| J]. American Economic Review, 2003, 93(3) :646-671.

XUE M S, ZHANG J X, ZHU G W. Quantity decision timing with spillover effect and asymmetric demand information[ J].
Transportation Research Part E: Logistics and Transportation Review, 2020, 142.102048.

LI X, LIU Q. Contract unobservability and downstream competition[ J]. Manufacturing & Service Operations Management,
2021, 23(6) :1468-1432.

BOLANDIFAR E, KOUVELIS P, ZHANG F Q. Delegation vs. control in supply chain procurement under competition[ J].
Production and Operations Management, 2016, 25(9) :1528-1541.

(4848 AR )



