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Evolutionary game analysis of drug quality supervision under the

factor input efficiency scenario

Jin Hao, Liu Demin, An Ming
(School of Economics and Management, Hebei University of Technology, Tianjin 300401, China)

Abstract: This paper studies government supervision mechanism in the process of the quality safety investment
in drugs production supply chains, considering node enterprise’s input efficiency of different elements. Using
Cobb-Douglas production function to depict the quality safety investment of enterprises, this paper develops an
evolutionary game model between the drug raw material supplier and drug manufacturer. The influence of the
element input efficiency on the strategy choices of both sides is analyzed. Results show that the element input
elasticity coefficient affects the time required for the system to reach the stability: the larger the labor elasticity
coefficient, the shorter the system to reach the stability. In addition, the lower the main element input and the
lower the comprehensive technical level of the drug supply chain node enterprise, the greater the probability
of adopting the “hitching a ride” strategy in quality and safety input. Strict supervision punishment for such

enterprises can be adopted to effectively improve the quality and safety of drugs.
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Table 3 Local stability of equilibrium point for conditions 1, 2 and 3
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Fig. 1 ESS of phase diagram System (I)
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Table 4 Local stability of equilibrium point for conditions 4 and 5
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Table 5 Payment matrix of suppliers and producers under penalty constraints

AT
R Qa QB
Qs (ALK} ® —Ca+ra, BILRKY P —Cp+1p)  (A)LSKA * —Ca +7a + F,Tp — F)
Qs (Ta — F, BoLG Ky — Cp +rp + F) (ra.rB)
MRAE G 7 FE RS, A A 5 20 0 A s AR P2 R A L L N TR L B &S RS0

dx
a - FQ(xa y)
d (24)
Y Gola,y)
dt 2 ' Y),

=

Fy(z,y) =2(1 —2)((A) LKy * — Ca + F) —y((Ag — AN LYKy —ra + Ta)),

Ga(z,y) = y(1 — y)(BoLE Ky 7 — Cp + F) — 2((By — Bi)LE Ky 7 — g + Ti)).



312 R 4 TR ¥ #H 37 %

W7 READWTH S N (2, y) = (0,0), (z,y) = (0,1), (z,y) = (1,0), (z,y) = (1,1). Z4HAL LA
TAEEIRSLIT, 2 (2], v ) N R G4 i, B

max(Cy — BoLo K}y Cy — AJLS KL ™) < F 05)
F <min(Cp — BILEKL? — g+ Tg,Cp — AL LS KLY —rp 4+ T,
S e By LKL, P —Cy+ F . ALKy —Cy+ F
=% €T = — . y = — .
P (By=B)LAKLY P — g+ Ty 7" (Ag— A)LSKLY® —ra + T
WERR M0 <zph < 1,0 <yfy < 1 RN SOZEE, S(ah, yh ) FEAE. 75 2 LR &4
ByLiKY P —Cy+F >0 06)
BoLLKLy P —Cp+ F < (By — B)LL KL " —rg + T,
ALSKy *—Cpa+F >0
oTATA A @7)
AoLXKiia —Cr+F< (AO — Al)LiKiia —1ra+Th.
HH b 15
max(Cy — BoLg Ky 7 Cy — AgLS KLY ™) < F 08)
F <min(Cp — BiILAKY ? — 154 Ts,Ca — ALK — 14 4 Th).
EEE.
W8 TS (z,y) = (1, 1) 2 RS ADME—H ESS KT E 44N
F>max(Cy — AJLSK® —ra 4+ Ta, O — BILAKL " —rg + T3). (29)
WERR  7E RS ADMIEA RS R R, 25 007 IR & SEn (¥ 26 1R
Fy(xz,y) =0
5 (2, y) (30)
Go(z,y) =0,
OF:
72 < 0
ox 31)
%Gz 4
dy
Ry
—(F — Ty — CA + AlLXKi_a + TA) <0 32)
—(F —Ts — Cp + BiLEKL " 4+ 1) < 0.
EEDEACIEES
F> max(C’A — A LSKY ™ —rp +Tx,Cp — BILAKY ? —rg 4+ Tg). (33)
N TA+CA—TA CB TB“‘CB_TB
*E%ZHU/ﬁ{q:éL Kl p <A0<A1 LaKl P ,E_LBKl 3 <BO<Bl W

EEiHﬂL 1ﬁﬁﬁ$n$ﬁﬁ%ﬁAﬁTiﬁ fﬁ"iaizé%‘k)\ﬂﬁzbm Eﬁzﬁ”iﬁﬁa&"*ﬁﬂl[Jrjﬁﬁ%m*ﬁ%aﬁ
(ETEAY S 2O afpﬂwﬁEﬁfﬁwﬁr‘ﬁjﬁﬂmmr}@éﬁﬁﬁ A3 B At 5 2k R B 20 3R 45 i sl

Eﬂ F>max(Cy — A LSKY® =75 + Ty, Cp — BiLEKL ” — rg + Tp). Elaﬂ#tﬂﬁﬁiﬁﬁﬁé@ﬁmsit

i, B R 2 PR L. 5 BRI, 24 it ) A A S A 5 ) 4 N2 e AR A 7 i T BT B — s AR

LR BRLY, IR IR L RG] 77 B, S5 R B B AR BB 24T IR =R, f KPR B R 24 it o 22 4.



%3 M S AR BERIRONACRG 5T 2 BRI R 313

4 HESH

DN BN 3 SI A TR BG5S =7 M ) T 11 1) 440 TR 3R 240 R A ol 2 o 24 %%XE%E%E’J%HH ASCAE XY
R GRS RO AT A R S A B, IR SRR HEAT T 0 F o3 T E/Vﬁﬁxﬁﬁ: < 4 <

TA+CA—TA CB TB+CB_7"B
LiKT ’HLﬁK15<BO<Bl —LﬁKlﬁ , Ca

Ly + Kg, Cg < 1p < TB,O <a<l,0<pB<1 E’Jfﬁ/ﬂT RESHAIMGEEWMT: Ly = 1.25,
1.75,ra = 2.1, Ty =23, 49 =195 A4, =2.0,a =03, Ly = 1.2, Ky = 1.8, rg = 2.2, T = 2.4,
By = 1.9, B; = 1.95, 8 = 0.25. AR 747 4% 47 125 72 s B0 RS 2L, N B S 5 007 55 8)) 13N TR A
FEN AN TR0 v A0 A 4 SR s 0, SR EUAS [R] R R AR 7 R B AN [R) 26 1 15 5t T B AL AR SR g . S 808
an v 1) ERFHESBEVIGEEAN LR, 255872 o, B4 0.35 F1 0.2; 2) fERFFHE S HAIIHE
AASRIE LR, EHIRAAE Lo, Ko, Ly, Kg, it Ly = 1.75, Ky = 1.25, Ly = 1.1, Ky = 1.9. #R#ELL 1
=MSEVOER O, 53045 B = A WI6 SRR G FE LA, 23 88 (ep, yp) = (0.8,0.7), (zp,yp) = (0.6,0.3),
(zp,yp) = (0.6,0.3).
AN A AR ST 1) B R R 7 5 AR 7 T T A AR O SRS 1 A5 SR 2 B,

K
= La+ Ka, Cp < 1ra < Ty,

A <

Cg =
K

—LA=1.25, KA=1.75, @= 0.30

——LB=1.20, KB=1.80, #=0.25

——LA=1.25, KA=1.75, = 0.35| |

——LB=1.20, KB=1.80, 4= 0.20

——LA=1.75, KA=1.25, = 0.30
= LB=1.10, KB=1.90, 5= 0.25

—LA=1.25,KA=1.75, = 0.30
—+—LB=1.20, KB=1.80, #=0.25| |

o~ LA=1.25,KA=1.75, a=0.35
——LB=1.20, KB=1.80, 5= 0.20

3@ 0415 : \ ——LA=1.75, KA=1.25, a = 0.30| | \
Q —a— — = =

L2 X \ LB-1.10, KB=1.90, 3= 0.25 \
% e 3 \

To2r R«?\ \

N R

300 400 500 600 0
I [

(@F=0

(b) F=10.02

—LA=1.25,KA=1.75, = 0.30
*—LB=1.20, KB=1.80, #=0.25
©-LA=1.25,KA=1.75, =035

LB=1.20, KB=1.80, #=0.20

——LA=1.75, KA=1.25, = 0.30  {

—=—LB=1.10,KB=1.19, #=0.25

—LA=
——LB=
——LA=1.25,KA=1.75, = 0.35| |
——LB=
——T A=

s B=

1.25,KA=1.75, a=0.30
1.20, KB=1.80, 4= 0.25

1.20, KB=1.80, #=0.20
1.75, KA=1.25, a=0.30
1.10,KB=1.90, 4= 0.25

=
o
Ho2
0 : : : : : 0 :
0 10 20 30 40 50 60 0 10
P IF]
(c)F=03

20 30

R[]
()F=0.5

B2 AREESNHIETHESSE RN EREBHE

Fig. 2 Simulation of evolutionary stability strategies of suppliers and manufacturers under different penalty systems
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Fig. 3 Evolutionary stability strategy simulation under different penalty systems of system (IT)
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