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Comparison of Fresh Product Supply Chain Performances Considering Control Power
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Abstract: The power of each member enterprise in the supply chain is not equal and can affect the operation
and management of the enterprise. The reasonable distribution of power ( control power) among different
members is very important for the stability of the supply chain. In order to explore the influence of control
power on the pricing and performance of fresh product supply chain, 3 game models ( centralized decision-
making model, decentralized decision-making models dominated by supplier and retailer) for a 2-stage fresh
product supply chain composed of a single supplier and a retailer are established. Taking the retail price as a
function of control power which is an endogenous variable with a value range of [0, 1], and considering the
common influence of retail price and fresh keeping effort on demand, the market demand function of fresh
products under the deterministic environment is constructed. Then, the optimal pricing decision and
performance level of supply chain are solved by mathematical optimization and reverse induction. Finally, the
performance levels of the 3 models is compared and analyzed through example simulation. The result shows
that (1) Control power will affect the pricing and performance level of supply chain. (2) Whether

decentralized or centralized decision-making, the optimal retail price depends on the control power level
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under different operating environments.

(3) The supply chain performance level is the largest under

centralized decision-making, while under decentralized decision-making, whoever has control of the system

has higher performance, but the control power level is not the greater the better. There is an optimal control

level to maximize the system performance under certain conditions. (4) For the sale of fresh products, the

centralized decision-making system has the best performance, and the required fresh-keeping investment level

is also the highest. The performance of decentralized decision-making led by suppliers is higher than that led

by retailers, and the level of fresh-keeping effort led by suppliers is also higher.

Key words: transport economics; control power; Stackberg game model; supply chain performance;

freshness-keeping effort; fresh product
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Tab.2 Game processes in 3 supply chain decision models

BERIRT SRS TR RSO SRR
BER R R TERRRERES  —H AR RS
HAKF AT ¢ A
T FAAANOE SRR A
AR i=1-x Bk Fx=1-1
}:éL,l:i R

L T S L
e P KT x L D56 5%

HKTF e
TR S PRI R e %
K- e ks w

ANAE vy & 83 W IVE B kY 8

YL R 11 A1) R -

PN BERR ST S B

my = (w-c)g-C,=(w-c)la-b-
(u +mx) +re] —%pxzo (1)
T RAIE R ECR -
7y =(p-w)g-C, -C, = (u+mgx —w) -

la-b(u+mnx) +re] —%p (1 -x)? —%/\ezo

)
IR KL, JAE W RIFIN 7 KT o
BT S = (-0 - de, b, A

ad

2%%%@wpkﬁ?e%:MW%,M;?=
~ X <0, B, RERBEREAKF o 7R E i i
B, AAERU o (1 m Rk, L, 4T
%, kAl e =BT

B3t e AR (1) 8



s HE, S FBIBTESD i A e A N BESTAL L AR 143

59 W
Ty = (w_c>[a—b(/_1,+1]x) +r£w;_—w]_
S (3)
R (3) XF x Ml BB
-p —bn+r%’l

H = ) Sl @

_ rm _2r

bn + y A

H%%lm?ﬁ—p«u%%zM$ﬁ%?—
(?g—im)2>0,EﬂZﬁp&—nz(ﬁ—bA)2>OB¢,?§
SERIME H WIUERRE, o (x, w) BOF™HS I B
B AEAEME—1 (2, w®) S

Wt (3) ABRMEET x Flw 19— S, IF
AHAETE, AR AL

0 _ b(u + )+ﬁ(+ 2w+c) =0
ow =a M nx 2 M nx w C =
o, - 2
(7;;;1 =—(w—c)bn+7(w )\c)r -px =0
(5)
SRAE AT A B U -

* =7]<r2—b)\)[)\((l—bﬂ) +r2(/,c—c)] (6)
2r2p/\—1]2(r2—b)\)2 ’

w :p/\[/\(a —bu) +r(u—c)] N
: 2r°pA = m° (P = bA)?

BE— 2SR e U -

e*zpr[rz(,u —c)-Ala-bw)] +ry’(a-be) (@ =bA)
' 27ph — (7 = bA)?

X

c, (7)

(8)

.o 2r'pA + ' (7 = bA) (ad —rc)
! 2r2p)\ - 7]2 (rr —b))?

(9)

. Plr(u—c) +A(a-b
o= . 2[r2p</<L— 7]2> (rz/\_( b)\)zlu) ° (10)
Boar, w’, e LA (1) fX (2), g
IR UANE 7y Moy, 7l =7+ o
ZEERTR, BV E SRR, HESH
T 2r°pA =’ (P =bA)? >0, Ll R AER FF Y &
Gyl K« 4 0.5 ~ 1 Z A Rk &5 1, |

P [A(a-bu) +r (w—c)]
0.5 <1 K " 1, &
< 2r2p)\—1]2(r2—b)\)2 < Hj" ?

GAFAEI LA T1 KL S L A s S A it %% 7
K, RN BE G S
2.2 FERESHOBRRK
FTHEHE SR B, 28 i Y 42
JIKFr=1-x>0.5, BERHFHETIHNHE p =pn +
nt, FERAGTHE, NN IBREE, B R
T IEAT 3B Stackelberg 155, 18 35 ¥ 24«
TR E SCE B 1K ¢ AIREESS K- e, i
JOF TS P M R A A o
T A R R -
7o = (p-w)g-C, -C, =(u+nt —w)la-b-

(w+mt) +re] —%pt2 —L)\e2o (11)

2
YR T P e AR -

mo = (w-c)g-C=(w-c)-

B

la —b(u+mnt) +re] —%p(l -1)?%, (12)

FRIGETE, i p=p+nt=w+m+nt, mH
H s il 1 KSR B A e B p A8 ASR
(12) )n\ljwszz(w—c)[a—b(w +m+nt) +re] -
L (1=, BRI, S X

o RKT w B —Birfi 5 -

‘9;7;2 =a-2bw-b(m+mnt) +re+bc, (13)
-SRI XTI, T = <20 <
0, BMAFAERIIE w™ 15 m K.
2 (13) FTE, KR
« _a—bu — byt +re+ b
w, = b o (14)

B wy [RAS (11) 1,

a—bu —bnt +re + be
’7772:(,(L+‘r]t— i Z )

[a—b(u +nt) +re] —-%;pf —-%iAezo (15)

A (15) KT o e (9 it 2/ M4 h .

—-4by’* - p 3ry
H = 2 o (16)
2r
3rn - A




144 /NI S

o

ST 5 37 %

H % 1V RFER -40n" —p <0, 2455 2 Jii e
(-4mf-p>(—%}-A)-9ﬁn2>o,Epp(mﬂ+Ab>+

b (4bA = 7) >0 B, H Jg 6 i 46 1, 4776 e — i
(67, w) A K
Xt ANt e, e SK—M S, IS HSETE,
PRI DT A
o,
ot

0 2
;22 =3,ur+3t7]r—M—cr—22—e—/\e =0

= —4bun + 3an + 3ren + ben - 4bn2t -pt =0

o]

b
(17)
ot Fp DI -
_ bnA(-4bu +3a + be) + byr’ (u = ¢)
p(2r2 +Ab) + bn2(4b)\ - r2) ’

(18)

Ly
_pr(3bu —2a — be) + bn’r(a — be)

T p(27 +Ab) + by (4bA - 1)
¥eoo Mes IUA (14) st SRAMRLHAR

_bnp’A(a —bC)'FP[A(a-@u)-Fr(M'—C)]
p(2r +Ab) + bn (4bX - 1) ©

(19)

2

(20)

p,u(2r2 +Ab) + bn2(3a/\ + bcA — crz)
p(2r2 +Ab) + bn2(4b/\ - r2)

bp[ (a = bu)A +r*(u—-c)] + znzA(a —bc)
p(2r +Ab) + bn (4bA - r )

(21)

(12* =

(22)

¥, e, wy FRAKX (11) L (12), "L
PR mo My, ) =7y +7) 0
gibirid, FEWESSBIRE, Y5ESHH
Wi /e p(2r7 +Ab) +bn’ (4bA =7*) >0, Hiui L FER
BRG] Sk ¢ 78 0.5 ~ 1 Z [al R &, B

byA ( —4bu +3a +be) +byr’ (u—c)
<1 B, &R
p(2r* + Ab) + by’ (4bX =17) T, A&

GAFAE AT ) S K L Bt R s B AR 5%

K, AR SR A

2.3 &hREK
SRR, RN BRI R R A AE, DS

BN 6 2 (AR fe R AL H Y R 7E BL A 5L R

VIRAEAERE T S R, A& 1 M AE e oh

0.5<

TR GE SRR 1 oA, X B3R 5 i Iy

S, (EE A AT S FE ) 1 K B . BT
ARG S b —J7 AR 1K e, M p =+
e, DR 6 2R G R SOA -

1
my =g g = (w—c)g+ (p—w)q—?px2 -
1 iy L
2p(1 x) 2)\6 =

(w+mx —c)la-b(u+mnx) +re] —%pxz —
|

%Fp(l-—x)z-—EfAe , (23)
X (22) KT o Fl e 1Y ZWrifE ZEH- G N
- 2bn? r
:[ K "]o (24)
nr -A
H 5 1 F R - 20n° -2p <0, 2455 2 iF =

(20m” +2p) A -’ >0 B}, H G eI, A1
—ff (x7, ") 15 7y Ko

Xbars 3% x, e SK—Birfi T, IS HETE,
PR ST T A
07T _ 2 2 _
o S - bun + qre + bemyp +p —2bny'x —2px =0
doms B ’
P = (u+mnx)r—cr—Xde =0
(25)
SRAPAT e LA -
ot = Alan + ben - Zb,wn+p)+nr (,u—c)
] (2bn* +2p)A - 7'
(26)
201 — 2 > —ben)’
‘; _ r2pu pe + an_= ben 2+np), (27)
(2bm™ +2p)A —7n'r
PET SR AT ER AL -
2 2
; _Ap(2u +m) +m (Aa + Abe cr)’(28)

(2bn" +20)A - q'r
q =

pl (X = b)) (2u +m) +2ak —2c”] + n'Ab(a —bc)
(2by +20)A -7’7

(29)
¥ oxr e R AN (23), AT LLAE A AL F

ﬂ:‘] 773* o
gibar g, PR, Y S HO R A



559

s HE, S FBIBTESD i A e A N BESTAL L AR 145

(2bm* +2p)A = n’r* >0 WF, FELESRA 45 1 3 K F
S AREE55 K-, (AT 6 AR SR ek

3 BEHISH

3.1 EHSH
PRI ASE R SR it T, AN T8 2 R SR 3

BUGIAT LR . AR BRI Boxd 52 b
SEATVERE, 45 R AR A 0 4 2 BB HE AT 0 HE S
BT, BRI 3 iR,

#3 SSUMER

Tab.3 Parameter assignment table

25wl b w/ (It /(G - . ) ¢/(JC
LIPS T PICE SO AU E S U R D )
AWEEREBEN. REEFHOEHIKT 0w 2 5 s 5 e 7 o
FARRMARA, WA RPN, LA
PEROBIE, (R Ggsm A, Kt~ Tma 2P0 W W 3 0 0w
IR RS T 1 B i 0 BSEOK R, AEs 3.2 BIBIGR

Xt 3 o R SRR B Y f G AR R AT BB AT B B A
DU S 26 1, 01k 38 2o B T 58 049 J7 12 % AN TR
PN 1Y o SR AL 1 e R G STRCR /N AT HE R
Srd, B, ARER S A Matlab 8P 247 580 61 £
L, Gl B AT R DT IR, A D SRR R R 4

3 A ROV L e LA AE A B s A 1
I B R ) Sk 27 5 e ™ 42 0.5 ~ 1 i e
WHEIN . 23150 515 2075 842 6 1 N 1 20 ik
SRR PR3 25 PR R AL i o DG fEL S AT R,
T4 PR,

R4 HEBFARRREXTHRRETERMERIEHE

Tab.4 Optimal values of decision variables and profit values under different decision modes of supply chain

JRAH 1 JRAE 2
Ak HER R 3251 ZERF TN gt ot palin] HERT T 32519 ZERFTMN BRI
PRI (BEAY 1) Apiese (RERY2) ARrhisk (BIAY3) ApilesR (R 1) piisk (BEF2) ARvhisR (BEAL3)
Xt (") 0.992 4 0.512 0 0.8525 0.564 1 0.624 0 0.9257
e 20.221 6 12. 468 3 38.914 8 1.8249 1.049'5 4.5429
w* /(36 - 1) 56.980 2 46.545 2 — 11.3456 9.485 6 —
p /(GG ) 90. 969 8 89.047 8 90.410 0 16.820 3 17.119 8 18.628 6
q* /i 894.232 3 581.720 5 1787.926 1 105.760 4 62.798 7 216.342 9
NS 28 536. 697 4 12 518.519 7 — 647.253 4 271.086 0 —
ST 14 242,433 2 18 567.749 9 — 314.982 5 367. 605 4 —
w* /I 42779.130 7 31 086.269 6 57 084.520 2 962. 236 0 638. 691 1335.942 9

TEAS SR LR AR A IR(E T, ik 4
A RSB 20 pr sl

(1) RGES B w0 5% £ 507 1 B L%
(i S (58 3Vt Db N SP R | o U E /ST B 3 S
PRI HICER R 19 28 G de DA 1 T /KPR B AT WA
MRANKR 35, JCIRMF DL, P oRET %
il AR RATAE R o

s 1 Als A BAE D0 R, R Al T 37 SROK P
BR, a7 0.992 4 Zify, EIEAHERKE 1, B
RN g X3t V7 B 1 47 T 422 30 2 X 5 T AE SR 2 Ao
B BAE OL R, FEAE T 5 SKOKPBUN, a7
0.564 1 /iy, AR TLEXEHIK 1, W RGH
HIARFFATE Lo F35h, 551 MusfEE BT,
at >e", PERTRY S BE IR AT A ) A 2
RTFR L S HEECT A= A, el 2
TR OL T AR B o 33 158 A T 4328 VR 30 358 19 A [R) 3 e £

BRI — R PRI, AE I F
THOL, HRAT LUK AR e 01 R G il J1KF, il
SR e R (RS O R ER X PR -3 D AR N W
A, I EL S s 60 R0 AR GE AN A% B T R
AEGRIES] S7, JENAE TR PR N & 2T
BRI REESS Ty, S ECHIREE AR, i
BONPER IS TG — RE W RA, I 15 i ke = 42 )
zh 11,

(2) W —ERAFRS, f71E e) <ef <ej,
w >wy, q; <q; <q5, m <7 <75, WY >7WsH,
Ty <Tao

M 4 AT, 25 2 BOBE W A2 5 ) 71 7K1 e
0.5 ~1 By, g™, PREESS TR,
R S R B e K, RGEMIE K- e o i
MARGERM I K, HBEBAEZ MR ES5 ), N
P& Al BT BEEE AT, RO 9 E SRR, B



146 OB %

ST 5 37 %

PR, ARG R RGN, R ET,
PR g P ] G R g It 2 B B PR EESS S R T %
B T (LS BE I A PR EESE 1A, Bl ey <ef, B
MY 25 AR o R 7 B AT 4 R B, R A X
PERTEERFE AL, M %8 R i PR EEBEA, NI
PR SR H Y, R T A QRS
ANFFAS T MM RO T 00T 2 TH R B A AR, Bt
PR T 2 IR BESS Ty A, DRk, B R A A
KRR TEERAAINE, mE4 PR a; >m,; .
TR X LR BE A P AR, TR R it
WAL PR EESS Ty, BT R S B B, N
B, fg <q, BRI, &6 7y <mio HAME
DL, mTFEE R T REESA A, A K
PR TR R4 TR, A my >l

7oh, AE—E s EAE LN, BN RY
L& A KT 2B 1 T At A A%, Bl w,” >
wy XU R 4 o T i, WA L
& R A AR 1 T AR O Z A, A0S g P oA SR
T b (RO A R A L A RO (8L 9 3 ™ i AL 554
ra At A RS o T RN T R, b — g
RESY (KR ZORMES) ST HIRE S
B R, Sie SRR s g, Rt
Jtas, INIERFFECZ M . X5 FAT TR R 45
s Ie L —EU,

(3) FEMHE p ZHEH SR« B, B E
BB R TR, B p = p + v, I,
AR R AGE R PO, RIUE BN S &
W IR RN 2K, 6 e — R & PEmE, AT L py >
Py s WATLLpy >p, BURTAFEMERE ., AR L
BSBOBUE T B T 1 KCE RN

4 £

(1) 07 g 4 o) g 2 52 o o A A3 07 45 1) A1) i
A HR AR ST 19 P16 0 B B (AR e o 20 R SR
BN, RS (AL R 6 AT 92 A, R IDUAY A Ak
Bz, Mk 4 BB 1 ah >y B2
Ty <wno B, SEERHEL S H B HE I 5 R 2R
PR S AT R BESE

(2) e, fENgE ARG E i 1AL E S
(DADET kT SR b DA N R S R N DS
PEEESAL IR . Ik, kA2 H e It
e LA A A TR AN, X AERL A AE T AR AR
A4 3K & AL e, S %S AR 32 S 4 43 7

MZER L gt gE, EhiET, S %
BRSO, Ui —E Ml g, s R
ARG VRRT, W 2 — 7 W PR B A 7 21
HERFER BT ARG o AL 2 o
(3) RS A S A EE , 7 i ARBTG5 R TR

YR Bk, VR 5 T S B REE RIS

WEMRE A, D™ s, BT, g

i ET T REMI K2R TEERES A

Y N S E R P VA i 6=l N PO A S N IR RN e

FIBORIIE , I LUBE S AR i B A, bl B0 R 32

e E R S EA M, Fr, fErhRfssT,

BOREE A PR EESS 1 KF T, Jm KT R R

N RIPREESS S K, Ul AR A 6 AT R S 4

ARARH L E R, X R E AR, W

b, fEAfEEZET, BV R R E R, k4,

PR R D ARG o T RAIE S A TR A4 TR

HEAT, AT LB, DL RS VR X o

i bRk, s R EE R I R s

X LG 2 58 B B L GTR0™ HE R o I 47 )

TIAEAN TR AR B A b =22 18] 9 45 B33 P o A 7 5 1 A8 2

WA EERE L B, Al 2 N

M AL R B S 1 P A FE o xR

MEERW S, R EE S 1 2 A 500, Hd

AR, BT B BB R, s

JEAS . PRAE S Ty K4 A I R X A B v 5 Y T

FAHT . B R ALy, A BT S A S B

A e RAE o

AHIEFE A T ) 3 04 A4 0 B 0 1 5 bl 9 B A3

THUSELA, (AL, U R T IREESS

FIRER I X i 75 K e e, BA % I8 H A

BENLIEREZ I, SR 24 e AT 85 177 1)

5% ik

References:

[1] HSU P H, WEE H M, TENG H M. Preservation
Technology Investment for Deteriorating Inventory [J].
International Journal of Production Economics, 2010, 124
(2): 388 -394.

(2] E&, [Eal. JETIH S8 AR T O A9 A B 7 i R fo
FEM KM AT ST [J]. & B4k, 2014, 11 (3):
449 - 454.
WANG  Lei,

DAN Bin. Fresh-keeping and Pricing

Strategy for Fresh Agricultural Product Based on Customer
Choice [J].
(3): 449 -454.

Chinese Journal of Management, 2014, 11



559

s HE, S FBIBTESD i A e A N BESTAL L AR 147

(3]

(4]

[6]

[10]

Uk, JERZE. TR T A B N EE R E
aems X e prge L] A B4, 2015, 23
(12). 113 -123.

LI Lin, FAN Ti-jun. Comparison and Analysis on Pricing
Policies for Fresh Agricultural Produce Supply Chain with
Dominant Retailer [ J]. Chinese Journal of Management
Science, 2015, 23 (12). 113 -123.

Fillz, B3CF5. FETOREESS 70 A BEA™ A7
PR AL (D], 2 % 52 1l Bk $2, 2019, 36 (6):
125 —134.

WANG  Shu-yun, MA Wen-xiu. Fresh Agricultural
Products Inventory and Coordinative Optimization Based on
Fresh Keeping Effort [ J]. Journal of Highway and
Transportation Research and Development, 2019, 36
(6): 125 -134.

MUNSON C L, ROSENBLATT M J, ROSENBLATT Z.
The Use and Abuse of Power in Supply Chains []].
Business Horizons, 1999, 42 (1). 55 -65.

A, KRR, ARFRIE5H T TPL IR 5548 (i 4 £k 1
HEOLSRE G RCRVE (], A BERL A2, 2018, 26
(10): 164 -175.

FENG Yin, ZHANG Yan-zhi. Decision Making and
Efficiency Evaluation in a Supply Chain with TPL’s Value-
added Services under Different Power Strutures [ J ].
Chinese Journal of Management Science, 2018, 26
(10): 164 -175.

CAI X Q, CHENJ, XIAO Y B, etal. Optimization and
Coordination of Fresh Product Supply Chains with Fresh-
keeping Effort [J].
(3): 261 -278.
FAE, AR BT ORI 9 SOH I A B
e ENEE A [T B SR, 2015, 24 (5):
44 -51.

WANG Lei, DAN Bin. Coordination of Fresh Agricultural
Supply Chain Considering Retailer’s Freshness-keeping and
Utility [ J ].
Management Science, 2015, 24 (5). 44 -51.

W, A, TR BTN S AT AR A
ARG AE i BE SR LA ST (D], b A R,
2018, 26 (2): 160 -174.

CAO Yu, LI Ya-mei, WAN Guang-yu.

Fresh Degree Incentive Mechanism of Fresh Agricultural

Product and Management, 2010, 19

Consumer Operations  Research  and

Study on the

Product Supply Chain Based on Consumer Utility [J].
Chinese Journal of Management Science, 2018, 26 (2):
160 - 174.

YU Y L, XIAO T J. Pricing and Cold-chain Service
Level Decisions in a Fresh Agri-products Supply Chain

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

with Logistics Outsourcing [ J]. Computers & Industrial
Engineering, 2017, 111. 56 —66.

WU Q, MU Y P, FENG Y. Coordinating Contracts for
Fresh Product Outsourcing Logistics Channels with Power
Structures [ J ]. International Journal of Production
Economics, 2014, 160 94 —105.

FKHT, ZRARY PREESS )T AT AR I A 3 5
L B 5E [T B4 5 & ¥, 2017, 30 (1):
51 -55.
WANG  Yong-ming, QIN  Cui-ping. Research on
Revenue-sharing Mechanism in the Fresh Agriculture
Product Based on the Freshness-keeping Effort [ J].
Science & Technology and Economy, 2017, 30 (1).
51 -55.

WAEHT, =y, kIG5, MR IMA T AR I A
ASE RN BE DA [T]. B A TR R,
2019, 16 (5): 55 -64.

ZENG You-xin, YUAN Pan, ZHANG Yi-wen. Decision-
making Analysis of Fresh E-commerce Supply Chain with
Different Dominant Powers from the Perspective of Game
Theory [J]. Journal of Nanjing Audit University, 2019,
16 (5): 55 -64.

LIU W, WANG S, ZHU D. The More Supply Chain
Control Power, the Better? A Comparison among Four
Kinds of Cooperation Models [ J].
in Engineering, 2015, 2015; 290912.
PFEFFER J. Power in Organizations [ M ].
Harvard Business School Press, 1992.
KIRILENKO A A. Valuation and Control in Venture
Finance [ J]. Journal of Finance, 2001, 56 (2):
565 —587.

LIU W H, WANG S Q, CHEN L J. The role of Control
Chains: Model
Analysis and Empirical Examination [ J]. Journal of
Purchasing & Supply Management, 2017, 23 (3):
176 —190.

WANG X H, WANG X Y, SU Y S. Wholesale-price
Contract of Supply Chain with Information Gathering [J].

Modelling, 2013, 37 (6 ):

Mathematical Problems

Boston :

Power Allocation in Service Supply

Applied Mathematical
3848 —3860.

A, XUBEEE, WIERAT. BT RS A 52 24 A e i
PEEEOREESS HLRIBE TS [J]. 25 k5, 2020, 35
(1). 205 -214.

CAO Yu, LIU Pei-pei, HU Han-li.
Mechanism of Fresh-keeping Supply Chain Based on Cost
Control and Decision, 2020, 35

Freshness Efforts

Sharing Contract [ J].
(1): 205 -214.



