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Data Collection Terms, Personal Information Protection and Consumer Welfare
Liu Zhengchi', Ye Yuyang" and Nie Huihua"
(a. School of Economics and Trade, Hunan University; b. School of Economics, Renmin University of China;
c. Center for Firm and Organization Studies, Renmin University of China)

Abstract: Balancing data collection and personal information protection has become a critical issue in the digital economy era. From
the perspective of consumer welfare, this paper examines whether enterprises should be restricted in mandatorily collecting consumer data.
By modeling the gains and costs for enterprises and consumers under different data collection terms, the study finds that enterprises choose
data collection terms based on the marginal private and public benefits of data when unregulated by personal information protection laws.
Welfare analysis reveals that although imposing restrictions on consumer rights, the mandatory collection terms may increase consumer wel-
fare by increasing the public benefits of data compared to the voluntary collection terms. This paper then explores how personal informa-
tion protection regulations on the mandatory collection terms affect consumer welfare, concluding that low—intensity regulations can achieve
Pareto improvements in consumer welfare in certain data collection scenarios, whereas further increase of regulatory intensity fails to yield
additional Pareto improvements. The policy implication is that regulators should promote reform for market—based allocation of data factors
and appropriately relax restrictions on the mandatory collection terms.

Keywords: data collection terms; voluntary collection; mandatory collection; personal information protection; consumer welfare
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Liu Zhengchi', Ye Yuyang' and Nie Huihua"*
(a. School of Economics and Trade, Hunan University; b. School of Economics, Renmin University of China;
c. Center for Firm and Organization Studies, Renmin University of China)

Summary: In common consumer data collection scenarios, the data collection terms that data collectors (enter-
prises) may adopt are generally divided into two categories. One is the voluntary collection terms: if consumers refuse
data collection, the enterprise will not restrict their use of the service, and may even provide subsidies to consumers
who agree to data collection. The other is the mandatory collection terms: only consumers who agree to data collec-
tion can fully use the services, otherwise they will be restricted or prohibited from using the services. The mandatory
collection terms are regulated by personal information protection laws and policies. The question we are interested in
is whether certain enterprises should be allowed to implement mandatory data collection terms? If the law prohibits
enterprises from using mandatory collection terms, will it truly increase consumer welfare?

To address the above question, this paper constructs a two—stage game model involving a monopolistic enterprise
and several heterogeneous consumers to explore the impact of personal information protection laws on consumer wel-
fare. The enterprise collects consumers” data and uses the data to provide services to them. When consumers use the
service, the enterprise can get profit. Data collection brings benefits and costs to consumers. The benefits of data
bringing to consumers include two parts. One is the benefit that data directly brings to the data providers themselves,
which is called data private benefit. The other is the non—competitive benefits brought by data accumulation, known
as data public benefits, which can be shared by all consumers. In addition, data collection also brings different costs
to each consumer.

The main finding of this paper is that the marginal private benefits and marginal public benefits of data will af-
fect the choice of data collection terms by enterprises. Given the marginal public benefit of data, when the marginal
private benefit of data exceeds a threshold, the enterprise will choose the mandatory collection terms. otherwise, the
enterprise will choose the voluntary collection terms and provide subsidies when the marginal public benefit of data
is high. The analysis of consumer welfare shows that in some cases, the overall welfare of consumers under mandato-
ry collection terms is higher than that under voluntary collection terms. The reason is that data accumulation can in-
crease the public benefits of data, while mandatory collection terms as a mechanism to reduce consumer free riding
are beneficial for improving overall consumer welfare. In addition, heterogeneity analysis indicates that mandatory col-
lection terms are more likely to increase the welfare of low—cost consumers. Therefore, prohibiting companies from
adopting mandatory collection terms may harm the welfare of low—cost consumers.

The contribution of this paper lies in two aspects. Firstly, this paper incorporates the selection of data collection
terms for enterprises into their decision—making process, and provides an explanation for the differentiated data collec-
tion terms selection of enterprises in reality, thus expanding the economic research on enterprise data collection. Sec-
ondly, this paper finds that in certain data collection scenarios, weaker regulatory efforts can achieve Pareto improve-
ment in consumer welfare. This conclusion provides theoretical guidance for relaxing personal information protection
regulations and data classification governance.

Keywords: data collection terms; voluntary collection; mandatory collection; personal information protection; con-
sumer welfare

JEL Classification: L51, L86

https://www. cnki1. net



o [ 164

(BIBBRERR MAEERIPSHEERFDMR

M1 (MRIEDE TR F IR ER F XA

Crprae B AN A AAE BRI DS R FHUE - A AMF AL IR RS LA AN R) A IR A A5 BB Sl (7] 8 L $E4
PR B IR S5 A B MG S E TR AL R O IR 55 T e A BR AT R AR AR HUE , IR A BB , TR A Aill AT LA
AN [) T A BRHAS A A S B0 Il 1) 5 0 o, AE 4 48 63t it B8 IR 55, WA LR P it il Wi AR 2300 RS N AR B R AR 2200 I8 A4
AT R S S A, T HURESR ) 1 JE MR S ik A R SR ISR AR AR B R T 2 ) (EL R 20 0 S B P R B0 b B A A E
i LU A% AT T 45 (kS AR A

TEFNE LB XA AR B e ™ A R AT LAUA 0 A RIS e AR A AR B, I il e 3 S B 2 2 P s R
I35, IR A LIS A A BB o 1A, 75 bR ABALLD5 I L HEAR B 5 A R W (LU RIFREEFR 2 /) RASHE A 2y — 3,
FURNZREERR A A RN B VR AR ZEA A B I AN ) R BT I 55 S0 KRR ARA R AT v AR 25 i JT 4% 72 APP 28
T PP miEsk, (2005 | LR R 45 PR AR AT 20 4y — o R HIJeAT ) A7 ok

------ ARGET =, BEAR A RN AR 2107 M ik 2 FHL B 005 B A T0 1 S B I BT 0 e o5 S e Ui Fevr TS gl 5 R et
E@’l‘)\ﬁ‘é&,%ﬂﬁm%*%APPE*%’%E&ﬂ%&H&%,/%Xﬁ%ﬁ/&ﬂﬂ’ﬂﬁﬁ}ﬁfo Al 2B e N e S SO Ak 2 A
Al B AL, UL T 35 3 e 9% AT Ak BT G (R B A i, WA A TR R A KL R, i A R T S AL

PNV - PG E LN R P SR € S S W N EFS i{ﬁ%%‘TuFﬁiEﬂlA)\Tn SEOLT , Al A7y AT L1 i 3%
FARBEIRTS A A A N B AR e 20 o A )50 B B 5 et A RO LR MIAT BB FRA 7] (AR TR JIAT A 7)) B AL
BA NG EORA 2 Gy —F2 b, J5U5 23RBS 38 Y 51 Talk 00 il A1 2S00 FOPR R 2205 A A5 BCER O, S WA 4R 1) P 42 i
B TR K ) R A IBEIIT%ﬁKﬁE', XA (PR G ROE A F — W R e ) 45 T LUT ke

----- N5 G2 A 3 D) e B AR B A JEAT G [m) 6 2 A L 7 R 7 7 8 0 208 8 e AU A B AR IR 55 Dy e, 1T P AE
A PR SERE 3 R A B At . AR A AR S IR IR 55 RO N S RE A B OCHR , BeZ B IR AR B S BUi
KIRETCIE LI, AT R 55 b 20 Z b BENEA AR LA o ARGE AR, B HUBE A B AR XA 6] P R RS2 0E 5 T P Y
AVECIRTR , Ji Ty 35 0P A0 A0 A5 B i — A 5 SRR AT, SR, BT 0 50 0 i 412 (R IR 55 10y S AR Ty B D 412 AR R IR AR LB
FIRH OGP SC AU AR L, %6 P IR A5 B E AT AR A F AT I S A IR 55 DI RE , DR JCIE S R A IR 1 B e PR 6 i
T AL B DI RE , SOl A0 S 190 3 D) B 52 B A phy SIS ST R B MR A A2

M7E YR A LR S8 EUR AR IR R R G A BRA /) (LR AR I TR 7D AN A5 BRI 2 25— 2 b, E0E iR ORe 1)
FHPERR S A8 R b X AF B SR B e i ) e T 7 B vk BR T LR A A o 0 T Ik, (R I B iR 55
PLARGA IR R NAE BRI 2 2y RS i PRI B ) o 4 ok

------ MASESHAEAME _E, B B UR AR TR R R Gl APP RO IZ 8 35, I G W2 B0 TP B DX PR £ 8L, B APP Y T 1E
W E P ERAR S B R GRS, SR 5 B B DI RE T S B . AN A I 45 O m AR T T ARG K A AL T A
e 55 L LA B ) 2R P ) WA A5 B R B -

MARGE A B A 2 B APP ARIRU P “ B IX PR A AR R, B SR PP 7 5 AN il APP RS SE O BUS , BEA “ Hs
DX PR 5 S B S P L — SV TR AR RO APP IR 55 BT b B

UL, A B B LR A TR B HE 7 B0 APP iR ) 3R RO P b DX A 31 £ B A 096 A2 EL TG ) Il A B Ak BT P AR LY
B JFI oo

ANHET H L R 00 ) T AR R TR S B A N A 3 R RA A WA A A BT RO 1 AL T DA X i ] WA AR
F8 R 1

HiR2 5. 3IE. 0 HOER
213132 1 HOIERH:
S (1) 5 80, A2 1 0 2 K A B B 5= S (- ) +8) . o S 0p NS RE 0, e ne 4l 1 4 p=0.

(- A)a<ﬁ<1HT PR %8 p>0. TIEHE.

2.25|3 29IERR:
Al R A IS Sk HLp >0, M= (12) "] 41, p = (a(/\‘1)+5)\)3 T,

dp ((a()\ l)+[3)\)) ] (A1)

I —§(a+,8)>0
a(l a(r- 1+B)t)
2 1 (A2)
B 5)\>0
L
7 3(5 “(A “m) 1 1)< (A3)
2
ﬁE
23§|i¥3l§l’]ﬁEEﬁ
a- /\)a

it (13) A, él0<ﬁ< )

1I-1

https://www. cnki1. net



ad _y (A4)

Ja
i’li(l _/\/\)a<,8< 1
o Ha(a+1)+p0)

%:%:%0\*1) (A5)

H3T0</\<1,EI§EHO<%(A+1)<1C TEEE

2.4 5|32 4 §93ERR :

252 (19) SR A I ES OC T 0 18— B -5 DAk 1T Al 5«

arrr __AeB(2a+B-1-B(1-B)(1-0))

” (1-p(1-0)) (A.6)

A

%J_U_Tjﬁ_e))‘o AT 1Y 2a+8-1<0 B} ‘;g < OFE 00, 1) I ALSE , U8 4 ol 4 00 25 B K AL B9 67=0; 4 204> 1 1, 47

““JdﬁﬁﬂwﬁmmﬁkfggGShw%¥a¢w@Wﬁ%a%@Mﬁ@$ﬂ%ﬁ&@&ﬁ%ﬁwmaﬁﬁwmo%

EE] 0=1 I o BRI 2K S5 T p=0 0 9 TR A . L 24l BB I 28 I 2 LS 2 5 4 0 AR O S
e .

253|325 KOIERR:

Hh 2 (20) T A,

G[L)
ad'_ \1=B) _ 1
da oo 1-B8
T 0<B<1, M g>1. TRIIMATHE. .
2.6 %8 1 FOIERR :
T WA AN A M4 p=0. 6 F1 ACHE A = (A~ 1) + BNV FL U A8k BB 5 A8 L 0 S 2
= 2 A/ DB R Al R R L0 SRS 2% S

(A7)

(1) B S5 4M 1E p=0 B 1B A = S alh = 1) e )eiy 1 B i o e e i1 o, 220 gy
A <ot el b= Lo - )+ BAY LI A 3 0<p= U0 ol et e p=0 4 AR

() 3057 H0<p< L NNE, gl e p=0 ) 1 O A RIS S48 L R B SR R . BB (14) B (21) , I 2
T -1 >0, 7T {4

a<(12__ B)Z (A8)

ﬂmﬁ@ka;gwwwma%&%%ﬁ%%%@%mm&ﬂw%%ﬁJ;@Lmdwww%aﬁwﬁ%ﬁ%?%égm
OB A

(3 2 U gt i >0y 4 IO A R 5 A L BB A St B3 . I B A 1T~ 1.0, 19
et e B) -0 g, o<p=(1- At 4ot @B - (EES0e i X0, 1-B) Pt (1 - VR <B<1

O XM a0, 18 P
B0 -B)(2A+(1-B)(1+2))
- ax-(1-By(1+A)
T 0<p=(1-VA) W, p>0 9 P HCSE A BCIE T 5 4 AR Uk 00 # B I S &K N (- ) <e<1 it L
ABA=-B)2VA+(1-B)(1+A ABA-B)2VA+(1-B)(1+A
B T YDA U il Ui i) SR
4A-(1-B)(1+A) ax-(1-By(1+A)
H I 4530 T 50 228 1k s i IscsE 4K

() L5 LIk, ol S04l 46 58 A% 1k i s il O 453 S PP R d <a<<1 =B, Jorfr,

(1-B)
| 2B
“TIAB(-B) (2NN +(1-B)(1+ 1))

4A-(1-B)(1+A)

i, gy g (et (@ +B)A)

(A9)

L0<B<1-JA

(A.10)

,1-JA<B<1

-2

HFEFIR https://www. cnki. net



(1=
A

TRATE 1 PO OIRE. #0<a<d, iila 1, w5V cp o 1P <ot ol gt 2 it >0 10 FLECE

%%ﬁ;kgs%,ﬁﬂﬁﬁ:ﬁzmﬁ&pzo 0 BB 5. TR 1 PO TG QE . TE

2.7 AR 2 HYIERR :
MR AR AR 1, 0 T UEW] A 2, 5 SO DL P4 e

@ﬁoq;sww,mm%pzo {0 1 BT S 28 2K 0 92 TR0 A, 5 Gl W 5 4 8 11 R A 4 0 2 I

@%1“%)“%«&@ AL TE R p >0 0 F RIS 26 SR T 20 BT A, 5 il TR 52 A 11 38 B B0 26 2 0 2 T

(1) ¥ e M0 UM Rl 8 =0 9 4 TS A S 008 900 15 0 5 2B L S B S A 20

25 0<p< LN it ol 1 S AR UM, p=0. e p=0 ) F IS A A5 A L B 35T 1030 2
FR 4y, T L CS-CS" >0, T 15 .

a<2(21:§) (A11)
(2) 8K )5 He A %@ﬁdﬁ,ﬂ%ﬂkiﬂépo 4 19 JEMACAR SRR BT B TR AR, 5 Al 0 58 A A L A i A R v O B

TN o ol R AR R I p >0, e iep >0 1) LIRS A 0 554 6 1 O3 A 6 3T
TG R Ay, AT SR e €S -CS >0, AT .

Hat(arB)\)(a+4B+(a+B))- 2(1Cf 70 (A12)
PTG
[(1+ A7 (1) ~ 4]+ (1 +2)(4+ 20)(1 ~B) B+ A4 + 1)1 =B) >0 (A13)

T Ae(0,1) HBe(0,1), B +AY(1-B) —4<0. 5H a=0If , AR5 (A13) A7 . WA a=1-B I R4 (A13) a7, AR 45K
(A13)7E ae(0,1-B) WHE ST .
1 a=1-B ARG (AL3) ey, AT 4

=38 +2(1+2)B+(1+A) -4>0 (A.14)
TIRATLIAI H0<A <3 - A3 - 1 < A< I FMEIE I8 :
a H0<A <3 - 1, R (A14) AR RAL . mué(a+(a+B)A)(a+4B+(a+B)A)—2(%B)zme<o,1—3)&1@@&&@@—%‘%

(D3 —DF ALK (=00, 0) N ) o KA AT HI, IZFE RA
(-1+B)B(1+A)(2+4A) +2J(—1 +B)ZBZ(1 =28(1+A) +B(1+A) +2A(3 +).))

HBA) (-34B8+(-1+B)N)(1+8+(~1+B)A) (A1)
ARG 0<a<h(B A, CS, — €S>0 2Hh(B,\)<a<1-BH] ,CS, - CS,<0,
b. 23— 1 <A< J7FE-36"+ 201+ A)B+ (1 +A) =4 = OfFAEPI AR SR

1+A£2 [(1+A) -3 (A.16)

3
[T N2 A [ 2 A
ﬁ#ﬂﬂiﬂ“’“zw'gl”) 73 (0,1 BiAe (0.5 -2)m 1”*24?”) 73 (01 H TS 231 B - 1< A<l 54T

1+A+2(1+A) =3 2

Jg )73 S AR G- 1<A<U B HTHE T L J7 B =38+ 21+ B+ (1 +A) ~4 =075 Be(0.1) 1y 5 XL B oy LA — 4~ 52
1+A—2V(1+A)2—3C

3

FEYBB-1<A<1i]:
3 2
#oap TATHUEA 23 t0<ash(BA) I 2CS.~C3,>0; H(BA)<a<1 Bl L CS - C57<0; %5 1 FAZ2IAN =3 )
3 3

O<a<1-BI &l ECS - €S">0,
(3) &5 L nl A
DIF0<A <3 - IMHTHE T , 20<a<h(BAF,CS - €503 24h(B.A)<a<1-BIf €S - €S"<0.

2
QFES3 - 1<A<IWIHIHE T #o g ‘Ng N 73 smo<a<h(BAIEECS - €505 h(B.A)<a<1-BiHf LCS - C5"<0;

11-3

HFEFIR https://www. cnki. net



e [ 1 o)

[T+ =3 v
BFES - 1 <A< T ,%w<ﬁ<l,0<a< 1-B I B LCS' - €570,

i
2.8 #p & 3 AYIEER

(1) & ST i 3 WD,
HRAR (25) Bk (27) 1T 4o <p < 122

TR

af0<c<a,lfla+taB-c<a+ la—Bﬁ —c, Blu'<u”,

b, #7 fﬁ<°’$1,LlZ\ﬁaB>0,Eﬂuj>uj"D

c. %Kﬁﬁ s Y w>al W2 R aﬁ>a+1°iﬁﬁ —c, | c>(1_;8f+52)a o W F ae(0,1-8), H1-B<1-+8<1, Jif LI
%e(a,ﬁ . %EKK%M,u:<u7';%<cs#w,u:>u:"c

s it 0o B i LB g e, TR D,

()R EIERR & R 3 1B @2,

8 A EIE %K (p>0) T X 15 [ SRS To 22 S IE 2 & e, I3 L A B B IR 453K (p > 0) F 58 428 1 11 5 il Wi 2 2%

B . Ful(e=d)>u(c=¢), MYo<c <IN Fu>uls Ful(e=&)=ul(c=¢), i T =%(a(A +1)+BA), 1] ﬁOScsé(a(A +1) +BA)itf
Hu'=u", ‘ii%(a(/\ +1) +B)u)<c§ I u>u", %uf(c :5')<u,"’(c‘:5'), MWAEAE—e il ui<ul . HOo<c<alFHu<u’,Yé<c< I H[u>u",

T (e=2)>0, LB R g (=) =+ 0 oL

w(c=e)-u(c=¢) :%(a()l + l)+B/\)B—[a+%—%(a(A + 1)+ﬁ/\)}

Lo e ) = (o s (1-8)BA
Df%ﬂ,éu((c—(,) u((c—c)>OEd‘,ﬁa<Wo
(

. (1-8)BA BA 1-5")BA ol (L=B)BA BA (ool
5'111E0<W<ﬁc lﬁﬁt0<a<mﬁiu((c—c )>ul(e=é );W<a<mﬁ Jue=e)<ul(e=¢),
SR e
__2a—(a(A+1)+BA)(1-B)B
é= Z(I—ﬁ) (A17)

PiE0<e<é"=qlg. b3 ML Q.

LE b A3 R

2.9 4B 4 BYIERR

2.9.1iFRA4r &R 4 1B

BRI ST A S AR Al B R RS A A, S/ A f35 SEAR P Al 1 R b R 2l .y Tl R B
() AE S M2 AR BRSO PR T 0 RO CHE 2 5 T 1 P 7 1 JROCA 4% TR 4 34 S A A BP9
PR R0k P, TR A 4 WE DI .

2.9.2 ERME 4R 2RAHE (R —): Ho<p= Ny

BAREGRL , ST N AR Ll 7 5 B B T T W 52 4 A 1 B SR i B 4 B TR 1 DR B 4 . 1
1 el 8 9 A B A0 R, 5 e 1 9 B A8 R R e 25 B R AL B FE 6 4 B R B 0= 0 4ol ST T3 o)
AR SRR 25 0 SRR /D T T 1 o 4 4 I 3 15 1 RO 4 2 DX R A 4 T8 1, 0=0 Ry A A4 4%k A i
IS SO T A R T2 51 TR A A B ML 0= U A U E P 190 R E 8k 2o W A b A B 45k B T 18
TR 4

WD S, 25 SN A AR 25l PR R A S0 26, 2 2 P L o 6 0 o e 8 4k Flo =60 PRI, L 3 50
A A S AR il 5 1 ST 46 215 B 58 RS 0 P R SO 2 2 (0= ) A I R A 49 2%

il 8 L4 0 R 4 2 (0= ) BRI 2

Aa|a+po(1-B(1-6
oo 200
(1—,3(1—0))
MR (14) 53R (AI8) | HuAr A I IEE 453K (p=0) T By Ak v it 25 15 B ) 408 1 7 o ol iC 86 253K (o= 6) T A Al v i 25, 7T 01 24

I - 11°(6=0)>01 47 -

(A.18)

111-4

https://www. cnki1. net



e [ 1 o)

_a-Bi-p(1-d)

2—/3(1—é) (A.19)
1-p)1-8(1-3) e 1-p)1-8(1-0) |
Hlae|0,————————= |}, el 24 F B IR 253K (p=0) ;e | ———————", L|IF, il 2 36 455 BIR il 7 1 %) i il Ae 42 2% 3k
2-p(1-0) 2-p(1-6)
(6=6) .
2.0.3 M &I 4 R RRERO (R 25"V g gy

A
WA B3 S B 7 B S e A b AE A R B WA 45 3R I iie as K/, 18 B 25 2t 1) — A 2K 5 98 R He v I8 3 3L
i, AT IE A i 5 4

P R A K (p>0) T BRIl e e i 5 B 8 1T FR 3 A 88 4% 4k (0= 6) T 9l el s, 4 1T~ 117(6=6) = Ol A -

((1 -B(1- é))z(] +A) - 4/\)05 + 2((1 -B(1-0))(1+2)- 29‘)(1 ~B(1-6))Bre+(1-p(1 - é))zﬁ?)ﬁ =0 (A20)
MR E ,

k\=(1 -A(1 —é))‘(l +A) —4A (A21)
k2=2((1 -B(1-0)) +A)—2é)(l -B(1-0))BA (A22)
k=(1-p(1-0)) BN (A.23)

SRR (AL20) A, WA 5 BEAT,
51 ATCAEFZ(A20) 19 # ) -

Dteps N i o [ok Ak, ]w AT =1T(0=0)

(1-0)(1+2)

(1- )

2
o< =k, — [k, — 4k k, o

ArTEc) 4 B< max M’M il VYR I =11 (0=0). max Myﬁi
MR, HB {(l—é)(1+)\) 0(1+)\)}'*u“6(0'1 B (0=0)s #76> (1-0)(1+4) (1 +2)["

- —k,+ zi—%lk3 A T BH"'(9=5)O
1

2k, Ha
(=) ol 14A-20 e 14A-20 .
@Eﬁ=mﬁ/‘] HY ‘]JCIEIE:T 5 ﬁﬁ\ (1 _é)(l +)\) 5 91'] (XE(O, 1‘3) Hﬁﬁﬂ.?ﬂz(eze) ; EB>(1 —é)(] +)t) s muae(()?_ikzjﬂﬂ’ S ﬁ
m=11(0=6),

5 FRAES | B AL A03ERN 1 HEBR P68 A0 HE T G 4

SHE BE0.1 =) A P A pm0) MR 3 0= 5 ped o= C B0 b ey
(A A BRSSO A, B TR B i < 1RIO<B <AL

(MBI A<Bs . EHEA AN BRI Y (0@, ol 5 F MR 43 v (@1 -8V il W 0 98
A (0=0). F\-EP&Fmin{_kz_ “’;k‘””klzs}

(2RI E0<B<A . F2HEA M5 LRI e (O )F, ol 46 1 IG5 i (@1 B , il 6B 8 1
(1-B)(1-p(1-9))
2-p(1-6)

B SR BB, B A B LB AT RO TR R A 4 LTI

158 A2 (TR S0 M5 LR 5l RIS A S 46

i (0.0)BF ol 1B 6 s Y (81 BB Ml IR PO BRI S 3K Co=). 3,
(1-B)(1-p(1-9))

2-p(1-6)
.k, - k22_4k|k3 5

min T,l—ﬁ LB<p<l1
A 50 A2 R B T

2.10 #p it 5 B9 IEFA
PR (P Bt s AR 23K (0= 0) T, TH SR IR N

ek (0=0). Hha,=

0<B<p

o=

(A.24)

11-5

https://www. cnki1. net



o [ 164

ola+280(1-B(1-6
CS"’(9=é _ ( ( (ﬂ _ ))) (A.25)
2(1-p(1-6))
2 B0 A A 4 T T B TR A CS™ (0= 0) 85 52 4285 1 i i WA 4 T 11 2 TR ARCS™ (0= 0), I 2
P U )
2-p(1-6)-8

Kﬁiﬁ%o<w

(A.26)

2(1-8(1-6))1-BY
<1,Jﬂ:ﬂ9&uo<( B( ))( B)<1—Bc FRALIHLAZ,

2-p(1-0)-8 2-p(1-0)-8
2(1-8(1-6))1-B)’
(B(—M),Iﬁ%ﬂ@ﬁﬁB@%ﬁ%ﬂﬂ&%%%ﬁ??ﬁ%%ﬁ?ﬂ/\ﬁ
2-p(1-6)-8
(1-8(1-0))a-py

R 2

FRASILMEBMCRA T ORI, WO (0=0C50=0); A BAMER B (a1 -6 B
P AR A T I 3 3 TR A0 06 T 5 A8 1 9 3R A A 4% K T 90 5 R4 L ST (0=6)<CS7(0=0).,

FRE S A AR S PR R S5 A M B0 e 45 3k Bk £ 10 A8 Ak, A AR S PR X T 9% 3 R A 00 52 i 434 3 AP -

DY (0,a)}, i~ A5 EARIRT, Ak 5 1 IR 2K St A5 BRI , AR SR e 8 1 Sl A 4k . X R I
TN BEAEA AL, LA L 4a O ITHLZE Y X8R OBC.

@2Yae(a,min{a, | =B}, SEHE MG EARET, Al e 52 A% 1k B3R B 453K (0=0) s SEHE AME BT L Al 4 1
P RN AR IR [ 4b R ITHLZE 9 X I BCD . AR A i 2, #iore (& min{@,. G, 1 =BY), W Bl 2 4 1A ) 484 1 (L 4b 149 B3 5%
X3k BCE) 5 75 01 , 14 2% 2t A sk 20> (11 4b 19 X 3 BDE ) .

@ Hae (a1 -B)it, Jhi A A5 AR T, AL e o8 428 11 A3 HI 82 253K (0=0) 5 ST A5 B IE Al 126 5% KR s o5 1T %)
2(1 -A(1 fé))(1 -B)

2-p(1-6)-p

FIHE A3 X TAL R0 (0, 1], SR BRFL AN i3 BLARA (0<a<

R SR (0=0) o IZNETE XS R de Y IMHLZR Y IX 38 ACD )rﬁi)é';?IIEAS.%aE[&v ]Jﬁ%%%ﬁi?ﬁﬂibw@l
de (B XA ACF ) s 75001, 78 2% 25 A R i 2 (] 4e 19 X I ADF) o

TEAE 5 AL

2.11 iy R 6 HOIERR :

TEWT S~ AAF SR AT LS I 9% 2 4 R 1 SR B Ak i 2 25 1R

D4l RIS B (<A<1) 3

QB BRFA NN E (@ <a<da,) HfIBRAILIREE 5 (B>6,) 5

@St AR L ARl il e 7 5 AT A0, e R 1) B AUER ek (a<dty)

(1) E LR AR,

F ik c<allf 9B R A . TCIE Al R TR BRI AR 25K, e <o T 20 35 0 2 TR O IAC A | DR A p=0 Y JE M B 4% SRR
TSR, 2 o 5 BRI, U2V 2 4 H AR A5 Aol B AR A AR OG . i CCI8) r A, 4 il R Pk i W B 27 v, 45 6 1
Th Al B iR S, TR AR A . TR

a I NAF BRI RIJT L Aol R SR J 3OS T B 38 A R s 5 B SR E et

b. A5 S AT BRI, Al SR F 58 2% 1k B s ISR 25K (0= 0) 5 SIS A BRI S, £l SR FH B il ikt FH ) 5t o i 4 4k
(o=0) , WK 2 i ) JC 125 S BLIA SR Tt

RIS 9 354 ) 2 BILNE) S G SO 1) A0 B R I < S AR BARAP I il DR T 56 2285 1k i OB 23k (0= 0) e TR T 11 IR
R4, Mlae (@,.6,)

WESATORIE

() RIGIEH LD,

BIE ] 50<A < LA, 5 0 Ml 5 4 45 L R SO 4 9 TSR BB OO AR 9 A7 0 203 AR ) S FE B PT B . LA
i LR 3, BIEIO<A < 4 e (1= VAL 1), T AR 2 e 7

(1-g)BA  _AB(-B)2NA+(1-p)(1+2))

2-(1-B)A+1)  4A-(1-B)(1+A)

AR

~JAA+ DB +(BA+1)B+A+AVA - A -1=<0 (A27)

P AT UE R A A DRHIE -

(3 FARIEVI M E RO,

IR A R 3, 5 0 T A B T p>0 () [ BEOSCER 2 T AR R A AIE T 58 A2 1k i SR A SO AR A T AR A, M a<a,,
GEEA W RAF@MIEY], Al d <a<d,,

111-6

https://www. cnki1. net



UEBA A 6 H 2k BC AT 2k OGB iy 7E & Ik Be(0,1) IMfE—38 5 G

Hﬁiﬁ:l—ﬁﬁ#,K%ﬁ(A.m)KﬁEj,ﬂ—ﬂ(A+1)<0,FI%HT£IA>%H¢,—J(A+1)52+(3A+1)ﬁ+A+Aﬂ—ﬂ—lﬁﬁe(l— H,I)E@
B SUEN A HAUCHE — & ?%ﬂ’ﬁlbiﬂa‘, 6 P £k BC A2k OGB 1975 & X Be(0, 1) INA HAVHME—3Z 5 G,

L G AR AR N B, 45 B i I 3 A7 AE T TR AR A BTk AT B>,

DB AL

L5 L ARUEAS A MG B v] L SEEL T 2 3 i R i in SR FC Rl i 244 DB)

FRA A 3, ASHELE 1 24O AN AAF BRI AT DL B3 2% 34 4 A A il RICel i 78 0 25k o TR A 6 F59IE

2.12 #EL 2 AYIERR

() B 5 UE BH 225 A Ml i 7 58 4 2 1 % i ol WAc 2 2% 3 2 1t R B 1 DR A0 2% 3, T 2% 3 s R e B8 48 i ok Mbﬂiﬁ@iﬁﬂk?%e Hp
TEH

(-B)Br  _ pr
2-(1-p)(A+1) 1-A
LT -
2(1-p)<2
HHFo<B<l, FRAFIE
\ o o (1-B)B o B-B-0) p  (-p)Er
S - DS A Ao -— <Bita,= _ e
(ZHQF%ﬁEﬂM“J?EHe@J%¢W/9M%“>}-@—WXA+U HT0<p=pifa 2-p(1-6) 1-4 Z—U-WXA+Um
;o T G : i e PP Lt L (1-8")pA
JRAL, R R IE A <B< 1, A77E0 < (0,1), 4= A o e
DA,
i ~ky= k) =4kk, A
b 2k, Y
. pr_ (1-B)Br o . | = k= akk A
T’Eﬂﬁfnmﬁﬁml,X?ﬂ:m‘m>o,M‘%ﬁﬁ:lﬁ'>0,ﬁ1ﬁfﬁ/@ l-E<x<1 W —Yx, HE I e

B (=B - k- b ARk, g |k BT kR pa | pr o (B)BA k- R Ak,
5 Ehﬂﬁﬁ<,8<llﬁ27k|<l_)\, o A <Tox 27(1752)()\+1)E|]79T>

(1-8)BA

FIRIRAETED €(0,1), 4= é”lﬁﬁdz>mc

e 2 1541,

MR 3 XFARMAER T ol s ik et

BRI Aol aE i B O 3 A AR 2 R AL (1) 1)1 B PRI 55 3% FH A2 B A 4 5 (2) 3l e R v OB A A
B R A EE = AL E VAT 5 o AR SCHY Al I 25 pR AL LA A ) I A R S o e T 3 B R Rl AR 2, FR AT tho i A
1A Al A 3 PR, AR 30 R SCE5 T8 i R fide b

3.1 U BY AR 55 %

FERXA TP b, oMl S 3 5 00 2 3 08 (B S R B T A IR T 1) 9 B WA e 55 B . e BRSE B T L I SR A A
TR L4 KA A W) AT A S A ] B AN A RS 2l BR 4l P R 45, B0 S A 2 il 55 1 i A B 2 7] (Progressive Insur-
ance ) i H} Snapshot T8I, i FH 28 3% 76 V28 P 14 18 4% ol RS B oy R I oK B8 B AR NI 2 B A7 00 | [R) RSO 4 A N 228 B 5l 1 38 £ T
PAFRBAT I . WA T, P0G A IR A BAm e , AR 2 2 BN AR R, (FL 2 Bl B ol FH AR 45, B0t e 48 2 k. ol == IR
45 7 Microsoft Azure FIIV. thith 7 Al 45 (AWS ) 23 7 i 45 A 2 i R A2 B (0 4 o P A A B R AR A A i | a0 S AS T e ) 2
AR5 -

FEF AR AR, TRATTE A A TR YCAE SR T, Al T UAR R 1Y 2 5 S 75 [ 728 500 AC 40 1 188 2 S ) 490 38 A9 IR 45 9% 5 i 4 i i A
LT A B G — AR 55 245, (RAT L BRI 26 B i 2 1 T B o TR 55

Bk, FRATT o0 BT B SR 45 i i A 25 B Rl v A 25 Y B B AR ) o i ad o EE AT RLAS Al 0 O i ARk
ST (135 2%, 6 UL 3 T AT B 2R I 75 T REAR THIY B R A

(1) @l 4

BRI AR

BB B, b e B B IR SRR, TR IR S DA . X IR R R A T R IR RS B SR e BRI T L I
TE MRS Ues o

5 T BE, AN 2 S A B SRR T T AR 55, DA SR T R A RS BRI . Al R 28 0k 0 B AR B I 55
T o

-7

https://www. cnki1. net



o [ 164

FHH e RS, HLR BRI O cul(d =) =a+Bd - c—s) I 4 0 I SS  (E AR 4 B I 48, Wi (d, = 0) =B — 53
FH R F A CHRBA S KAL), Wu, =0,

BRSO — B0, o S MR B, 20T R AN MRS 1 A B R AR R, 20T B AS SECAR 1 AR s o 20T R R 4
BRI A 30 = [[d, f(c)de, T 1 IRICAE 25 5K %Al % AT 11 2 3 O Bl 10 i, Hoep o 01 78 L 45701 21 3 1 4l
WA NBE , I d=1 5 25008 2% 3 FE 2 A e B A A B W d=0. % ae(0,1),8e(0,1),c€[0, 11H./(c) =1,

T A R 55 LI B S AR i), BEAS ¢ SN B 8 25 Al SR USSR <= s 2 B AP A 55 (0 4 s Boa s Wi R B
ro=syy IH P E AE IR 55 B, r=0.

SEAR Al AN 2 e 4 B0 WA S 1 7 B B 1 T 1 R 45 B, AR G Al AT AS il AR G5 A T S b 0 S Al 2R . AN S5
ZEL, FRATT A A B2 HE AR S5 S PR AR SR 0 BRI Al i i 25 bR AR

T :ﬂs;f(c)dc+J:’s£f(c)dc

Hodr, el Ju(d. = 1) =u)(d, =) TE 22 S IH e H 28T . TIR AL iS5 9% 5 S8 02 a0 T B2 R 1) e «

/}/I‘aivﬁ)s,f(()dc + ﬂs'zf(c)dc

s.Lsy <Pd'

= f(e)des
LT A e e = <R BCB) gt ond = 22 e i o = B)

A by - @B

(2) s g 4k

[UESIN IS

SE— BB, Al FR i A AR, IR RS 2% s LA 9 TR 40 BRI AR ST T T LA IR 55 4 e 431 6

BB, A A TH B IS A PR SRR TR TR SS L DA SR T R Al AR B o Al R B 0 4 ) AR BG4 I g
IR

AT S, BB Wl (d = ) =a+Bd" —c - 5" 2714 4 (IR % A0 4E 48 Bt lic 4, Wlu!'(d, = 0) = 0Bd" - " 271
PE A RS, Wl =0, Horh @ s s O SR IZ A X B 3 28 B U Rs 1 B it

2 9 il IR 45 1), BEAS ¢ SRBTY B 3 A Al A SR U AR N s AT DAL i 25 PR B TE RN AT BE O I . H— R e Bk
Ao ST 1031 D A7 VR R S s AT A M 55 L SR IT" = 57 s HL R A s B S 0 B AR RS A s T = [ f(c)de Fohr,
eIl i ul(d, = 1) = 0fY JC 25 ST 2 4 25 AL

FEFEWEFPT] BE A | 55— FlJE: 040 , 4l (99 IR 45 S 4R g ok 240 5 A 4 100 0 90 o TR A IR 55, BV s7=08d” o 15 vl S il 11 e
PSR SR BEAE 0=1, 5"=aB, BLIT RIS Bt R " = o, b iEHIR 25K TT"=aB

55 R AT R A R 0=0 , Bl A% 1 240 A ISR F 0 B AR 55, VS AT il ) DR SRR BEE 6=0, 5" = 5, i A i

St = 55 gy A R T = 5
BB, 4 a1, ol MBS R 0=, "=, LI BRI B B =, L =0, 1 B TR
o

2

65" =% > 48 1-p) B (AL RN R 0=0.. =& S BB 0T = 30 5 i T = 5 9
Sy CS =
AR T -py

HIT 0=1, =B BV 7 st = o0 1 BB A 4 35, FLX -l T 5 15000 25 T 1 BB 4R 5T o = “‘Bf(‘“ﬁ),s;: ﬁ(“;‘*)
FOSENS PRIl R 26 AN . T FLA L 00, = SO B BCHE A S I A SN T

(3)4Ki.

ST Al 0 X T30 A A A 8 (v max{1 ~B+ [T=BL4B(1 - )\ BRI S 5 5 , il 6 3 ) B
0 T LB AR HIX B (oo max{L — B+ [1=B.48(1~B)}) g B I 5t ol e 1 BB 20, L2430 4 S 3 A
B (B> a) s, Il 1) 0 AR S 0 20 1 B 0 G M G 9. V202853 5 5 A 1 286001

SR T H T T4, % 0> 1B I SR ARC A A T A T 4 BB 6 IO R 98 9 A 2 26
o0, B SR, 38 O AT 0 0 3 A T ) B 6 1 2 3 3 A

P AR A T R TR 2516 , 76 sl MBI 25 2 0 Bl B R SR IS . DAL o 3 O A At M T
e e

32 BB A MBS BLEHTES

TESELEAIL T, Al T LUK 38 A B = s, 4005 0 117 L e SR b B TR . o T 20 s P M B, 5%
2 g5 4 (2021 OB L AR08 ol KA IR 0 i 2 5 M M A RLE H . 4 2 1 RO A, £ i RN

II'=Ad -pd

et o il 1 1 AT A 8K T BB B R p S NI E A MU0 T il O IR T B 0<A <1

11-8

https://www. cnki1. net



SRESPANE

TAE SR AT, b gl 25 PR AN

I =ad"

Herpr gy Aol A s i AR 23T W B O AR e o B L e 1 AN T 9% 3 UM R B R I e 5 DS — 3, AN TR
(1) A B4

TRNFE BRI 2T i i 25 e KA B AU 5 p oA

p.,:{’\ 2 D<a<A

2
O A<a<l
A BB IR Bty
Ata
T = T,O<a<)t
al=sa<l]

Al s A

{(/\ +oz)Z
T = O<a<A

/\aj\ <a<l
THERIAN -
(A+a+4B)(A +a)
8
a(a+2B)
2
(2) sk B SR
TESR IO 25T, Al 2B 0=0,, Al 2% 11 S5 4 B0 Wi A9 18 2 B TR 55« G IRl A S i 8 B b

O<a<A

Asa<l

o

T
AR
e

n_ A

- e
T A

o
2(1-By

(3)4hit.

TS0 H A 4R T8 T 1 R A 25 8 (v ) B M i S 5 L il R R S B 48 s X 3 W B A 25 A
AR (o) RO B, Al 6 1 RO 2. Horbra= @7 TR (A - @)’ —B(A + ) =OFEIX A (0, A) PYAOME— i . %4536 5
JESC AT 1 A AELAR TR 2 AR R MU Ao R 0 5 K 0 o 2 S 2 TE 5

SRR R HG T B T A L M e R K AT I T S AR R T R AR O R E R Hha=a 27
[4=(1-B)]ec = (1-B) (2A +48)a = (1-B) (A + 48)A =OFE LI (0., A) P4 HYME— . PR45 1615 S50 AR 2 2 (oL, B/ LA R 38k IS4 A
BT 1T e 25 5 U AR5 F 11 ISR AR O e 25 PR A A

T TN, 3550 A8 T R T BRI 4506, 76 Aollo 3 45 80 ™ A AL 677 50 5 O R B P AR AR LS o TRt , X i e B
SORHEAT IR AT B 45 0 9 AR

o
“«

11-9

https://www. cnki1. net



