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Abstract

Cox and Czanner (2016) put forward the concept of survival divergence and studied
the survival divergence of some distributions. As a generalization of KL divergence,
survival divergence has been widely used in statistics, ecology and other fields. This
paper proposes the distribution difference of Cox-Czanner divergence under double-
truncated random variables, studies the boundedness and monotonicity of the survival
divergence of double-truncated random variables by means of generalized failure rate
method, and discusses the influence of monotonic transformation on the survival di-
vergence. Finally, the survival divergence of double truncated random variables is

applied to the proportional dominance model by the transformation of distribution.
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1. 5|5

HRE R B Y BR RN RAE I LR oRAF 2 TARGF BT, JF 72 38 F AE TR P8 22 45 &> 4
W, B LI A Kullback- leibler §(% (KL divergence) [1]v Renyi B [2]. KagansffE (R 77
FEED) [3]s Cox-Czannerfit 4%, J¢THUE B SIS AR FH I E 24175, 7] LLZ % Basseville, M. [4],
Vonta, F.flKaragrigoriou, A. [5]% #ik. L Cox-Czanner [6]HU% A& & 99 4H A A7 R 5 (R (1) 22 5+
AR 7T 2 N, B a] UGN & — 4 B3 eI (Al SETC 55— B AE T Al J5 A7 3 I 46 0 i
REMBY. BEOES RN EX MY 256 AR F () MG (), EAFREEF () MG (2), B3R
HREREf (x) Fig(z) PARRBER MBS (2) = f(x)/F(x) Flhy(x) = g(z)/G(x),N Cox-Czannerl
FERIE UM,

I(F.G) = / |7 (@) () — gla)F(a)| d. (1)
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20224, Mansourzarfll Asadi [7]if—P¥ & | Cox-Czannerfi{ B, ™1t 1 HM IR A X, AV, 2
A, P X, = (X —t[X > 1), Y, = (Y —t]Y > ), X, MY, BB ERED AN, =
flaz+t)/F(t) Mgy, = g(x +1)/G(t) , #

[ | (@)G(@) — g(@)Fa)] da

ADEGit) = FOGw

(2)

MFRD(F, G;t) A Cox-CzannerFl R 7 A iU .

20224, Mansourzar [S]Hf 5T 1 ol 75 ay (IS B &, BMRIERT A, X = (t — X|X < t) F,Y =
(t =YY < t)HJHE, HMRERZRED NN, x (@) = f(x)/Ft)Mg,y(x) = g(x)/G(t), R34
BRI HNE, x (x) = F(x)/F(t) MG,y (z) = G(x)/G(t), 4

D(F,G;t) =

fo |f(x Fx g(x)F(:c)|dx (3)
(t)G(t)

MFRD(F, G; t) ACox-Czanner K 1 [A] B .

USRS T UK A1 A% 8 1) JE ) B SRR 52 Wl [4, 911, B AR A7 23 BT R ] SE 1 TR 4%
AU TR SR A S ORTE. BT — AN RAMIFE AL T XA (¢, o) B, 75 ZEAF S IX RN & (S R N
YR P R B U BT B LA £ 45 2., ARSI T Cox-Czanner o 43 75 iy AR LR AR IRT BSOS, BF 90 17 003 T
BEALAS & ) Cox-Czannerifl &, FIHIZ HH @ .

EMX 1 BEXAYERTRANEZENEZ, 5H BB HAF (2)50G(2),F BHED A A f(x)Fg(x),
Xiww = [X|h < X < 6] #Yy0, = [V <Y < to] 5 A RXAY 48 X 69 204 B 8 i),
(t1,t2) € D ={(z,y)|F(z) < F(y)WG(z) < G(y)}, &

ID<X3 Y; t1, t2) = / |ft1,t2 ('CB)th,tz ('1:) — Gti1,ts (x)Ftl,tz (ZE‘)‘ dx
0

(4)

P @)G(@) = g@)F(o)de |F(t)  G(t)
- AFAG +‘ -

AF AG |’

HHAF = F(ty) — F(t1), AG = G(t2) — G(t1),WFKID(X, Y ; ty, to) A Cox-Czanner il & .

AR LA . RS2, AT 7R T XU B AR Bk, AR T EUE
fRIF. LESS3 AP TT 1 ORI HIE PR B AT D DA B AR 0T XU T 5 RE RS (R S4TSR
SESRAY R R Y BEAT 1 S B R PPA

2. WE HTCox-CzannerslE B4 &

2.1. BHFM

EI 1 BREXAFYRANEINEZ, X, 4, = (X < X <t #Y,, 4, = [Vt <Y < to] 5 HIE
5 X A=Y 48K 69 R WT B ], 3 () X P R THREEZID(X,Y t,t), A0 < ID(X,Y;t,t) < 1.
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JUERR TR, SR A SRR EUE E BID(X, Yty o)/ dE G, BIID(X, Y tit) > 0, 24 HAX
HF(z) = G(z) &SRO, FIILATIEAID(X,Y; t1t,) < 1.

ID<X7Yat1)t2)

221 f(@)(G(ts) = G()) — g(2)(P(tz) — F(x))| da

AFAG
ff F(@)G(ts)dz — [ f(2)G(x) ff g(x)F(ts)dz — ff g(z)f(z)dx (5)
AFAG B AFAG

_ |G2)AF — G(ts) AF — F(t2)AG + F(t2)G(t2) — F(11)G(t1) — G(t2) AF

= ' AFAG ‘

=1
UE B 58 RK.
2.2. B

EIE 2 AEMEZXFY 5 AA FE B S () Feg(z), 5 ZE 3 AAF(2)FG(z).

() TS <ty , L BRE, FID(X, Yt o)k T A #3E (HER )6, NIDX,Y;t,ty) > (L)

h tl, tg (tl h tl, tg (tl h tl, t2 (t2) —h tl, tg (t2)
1
h1 (tl,tg) + h (t1,1t2)

; (6)

(ll) ifﬂ;{a’:%tl < tQ 5 tllkﬂ_j- %tg %TID(X Y: tl,tz) im(l\/&)élj ﬂ' ID(X Y: tl,t2> >~

(=)
hg((tlvt2)G(t2 hy<t1at2)F(t2 ‘hy(tlﬂb) L h?(tl’tz)FA(tpi) o
ha (ti,ta2) + hy (t1, ta) .
UERR (4) 70 5K Tt Mty SR 5, 1531

0

T ID(X, Y3t 1)

oty

F(t G(t

= (I3 (t1, t2) + hy (b1, 02)) ID(X, Yy, t9) — |h) (t1, t2) A(Z;) — WX (ty, ty) A(Cll) (8)
Y G(t2) . x F(t2)
+ |hy (t1,t2) AG hi (t1,t2) AR |
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0
—ID(X,Y;t,t
8752 ( 9 y Ul 2)

F(t
hy (t1,t2) (t2) — hy (1, ts)

= —(h{((tl,tQ)+h}/(t1,t2>>ID(X,Y,t1,t2)+ AF

G(t)
AG |

F(t
+ |y (1, t2) A(};) — hy (t1,t2)

4 PR > (<)o, SIREETE) > (<)o, G fith, #E1(6)F(7), M FUE Y] 78 AL,

3. BiFT i

IRAE 18 B AR 565 XU BT Cox-Czanner BUETD (X, Y ; tyto) FIFZM.
EIE 3 HXAY RANEITELGIEAENEE, BEE R IR AN f(x) Fog(x), 55 A
AF (2)A2G(x). TR Aopy & AL LT G, MAFFHAO <t <ty < +oo, A

ID? (X, 7 (92(Y)); &1 ' (t1), @1 (t2)),

R P Fopy & EHEHIGE;
ID(p1(X), p2(Y);t1,t2) =
ID?N (X, 67 (2(Y)); 67 (t2), 07 ' (1)),

do Ry Aoy AT H B AAY.

WERR Wik () Moo () 52 /™A% I8 G o HL, A2 ¢y (X) o (V) FRREAR % J5E o A 531 B8 K70 1) mT LA

RK™H

fonla) = L Fy(e) = P67 (@), (10)
Pl

gen(a) = 220 Gol) = G937 (2)). ()

BEAh, WA By (o () FRIRE R FEE R ORI 43 A7 B8 20233 H

_ 9(¢3 " (d1(2)) 81 (2)
g¢;1(¢2)(x) - ¢2/(¢2_1(¢1(£U)) ?

Gyt (pn) () = G(d3 " (¢1(2))). (12)
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(ePiN

Fr(L0)FI (11N (4) 35

ID(p1(X), p2(Y); t1, t2)

CF(6r (2))g(03 M (2)) /62 (67 (2)) — Flor ()G(e5 " (2))/ 61 (67 (2)))dz
AF#AGP (13)

N 'G<¢51<t2>> _ Flor'(t)
AG?2 AFé1 ’

HABPAF = F(o7'(t2) — F(o1' (1) MAG? = G(¢7(t2)) — G(¢7 (1)), X (13) 1 A Heu =
o1 (x)H
ID(¢1(X), (Y )5 t1,12)

S (F g6 (61() 6 ()69 (65 (61(w)) — F()G (65" (61 (w))/)du
AF? AG?2

(14)

G(o3'(ta)  F(o1'(t))
AG?: AF# |’

= ID" (X, ¢, (92(Y)); 61 ' (1), 61 ' (t2)).

_|_

e EEBHE B T
4. LRI BIRE
SLTERA VD Fe A A AR T (MU BERID(X, Y 51, 1), 32 AL XUBF Cox-Cammer U 4

EL B DL A A AT R

EX 2 (DT IER) RHRZSE YA K8, AMEELL I € [0,1], FFAHH B REEZHH,
FRES T8 HA DK R #HBHKG, FHH e > 0,4

G(z) = H(F(2)), (15)

MFREFI G A2 53 AT AR A 7R
4.1. bt E =R

EX 3 (BB ER) BIXMMNEZXAY DA BA L 5L (2)FG(x), 2 HE»HHF(x)
FoG(x), B HAELBEHO >0, SHPTA 69z > 0, #A
G(z) _  F(z)

G) ' Fy (16)

W] AR X FeY it AP AR AR A

EIE 4 BIXMIE ZEXAY 2 A H > H K ()G (x) A B & & 5 HF () 4G (x), BH>HE
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#H(z)=x/0+ (1 —-0)x), AFo0<az<1,06>0, WA

P(to) + F(t:) 20 -

F(ty) = F(t1) (1 =0)(F(t2) — F(t1))

2(0 + (1= 0)F(t2))(0 + (1 = ) F(t1)) log gri=gi s
(1=0)2(F(t2) — F(t1))? '

ID(X,Y;ty,ts) =

(17)

WERR R A A H () RN (15) 3K, W FANGE T ELI L SR 2R (16). PRIk (16) 2RI BAE# e S o

F(x)

“) = T a0 F@)

x>0, (18)

ity

0f(x)

) = @

(19)

K (18) A (19) AN (4) i, [EINTH LR

ID(X7Y1t17t2)

t2 (1-6)f(z) F?(x) dr + tl)F(t2) F(t1)F(tz2)
t1 [0+(1-6)F(x)]? 0(1—0)F(t2)  0(1—0)F(t1)
O(F (t2)—F(t1)?)
(0+(1—-0)F(t2))(0+(1—0)F(t1))

_ O+ A—-0)F(t2))(0+ (1 - 0)F(t1)) (1—0)F(t1)F(t2)
a 0(1 —0)(F(ta) — F(t1))  O(F(t2) — F(t))
0 2(0 + (1 = 0)F(£2))(0 + (1 = 0) F (1)) log FH5=p53
T =0 F®) —Fn) (1= 0)*(F(t2) — F(t1)?)
F(t2) + F(t) 20
F( (

b)) — F(t) | (1= 0)(F(t2) — F(h)

2(6+ (1~ 0)F(t2))(9 + (1 — 0)F (1)) log gH5g17(7)
(1 —0)2(F(ty) — F(t))?

UEAH SELE.

5. B4k

kv B R S NS R A a1 e, I A A MU N S G B i
TR EE 1R B2 Wy oy SEE98 2 T8 (e 8] [12]. 3 LSRR [ A Ahoxt SRR iR A F FL AT T KRR
B, X SR AT ST TR E N A SRR ORI vh AR KR AR R T AN e A
K, B DA A 200 o L BEAT 6 B R Aok 2 o6 SR T SR L B B B, Tz
FLIHHE, R AN P S35 .
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