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i) Pareto 7341, BIF AT EN G(x;8) = 1 — (x + 1) 0400 (), XN £5 {&,i =
2, } AHESTBENLAZ &, HIRASHEON p € (0,1) 1 Logarithmic 474, Hp AN

(1-p) =12,
—nln(p)

Py (n;p) =

all — (1 — -8
Py (@i, ZPan{l—[l— Gy = {1 - =0t Dy ),
(2.1)
B BN
fx(z;p, B) = §_(A=pe+ ) P Plos() (2.2)

—Inp 1-(1-p)(z+1)7°

17 SCHR [1-6], 25 R E X
EX 2.1 Fr(21) 5 (2.2) X I AESHON p, B K Pareto-Loagrithmic 7304 (fi
FK PL 4340), icA PL(p, B), HH 24 p € (0,1), 8 € (0, +00).
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FRHEOL (9] W0 X, BRAOMTEREL F(x) NIERESR, R EMERE S(z) =1 — F(x) B
FREOE R, B 1 — F(z) =2 7 lp(x),r > 0, X B 1p £ICT LA HIZEA0 R K, BIX}
FrE#In >0, ILI{SOM—l

i (2.1) X, G0 PL(p, B) &JER/7AR.

HH3C [3] 5E X, %5 B RN

_ —px

9x(w:p, B) = _ﬁlp ! : ]i)fl _ﬁ;{’f;i(x)
]934 #% N Exponential-Logarithmic 4377, i A EL(p, 8) 746, HH &% p € (0,1),8 €
(0, 400).

WHR X ~ PL(p,B), Wi (2.2) XKGBY :=In(X + 1) ~ EL(p, B).

W0 <r<l, H(21) RAE PL(p, B) M r SN (58)5 — 1 HE5li, shhrch
(1+p2)% —1.

10 B(z,5,0) = S (0 +n)—*2" JTRFASHRLER R (3 0L [10]).

3.1 & X ~ PL(p.3), I

(1) %k NIEEH, 24 3 > k i, PL(p, B) 4G k Mk

J
5

E(X*) = - (1=p) Z CH=1)F7®(1 —p,1,1 —

Fenlih, 24 6> 1 W, ( )
Nt JP _L
E(X) = T ®(1-p,1,1 ﬁ) 1.
(2) 8> 2, PL(p, B) A5 N

Var(x) = S Pa - pa - ) - o Bara - pa - g,

W (1) 48>k W, FIH (2.2) XAMEFHEIT, 6

I A B S )G
E(Xk)_/o mk—lnpl—(l—p)(x—l—l)*ﬁdx

0o +oo
o R e (RO DR
1 p =0
= (1_p)icj(—1)kﬂ’¢(1— 1 1—1)
h'lp k p7 bl ﬁ .

(2) 4 8>2H,
Var(X) = E(X?) - E?(X)

=P S i Cppia i, o, (A-p) R
s ]Z;c ®(1-p,1,1— 5) ( > ®(1—p,1,1 5) 1)
e R NI Bt Ui TR )

Inp B (Inp)2 B
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f 2 P B B LA BN e PRI TR IR 20, b Renyi 'Y #1 Shannon 4§ 12!
PLBCH L, BATTSe IRIBAR 5% 52 .
EX 3.1 X F—MNEERECN f() AR X,

s 1 oo .
(1) H Renyi R Ir(r) = - In ()'de, TH r > 0,r # 1;
- 0

(2) H Shannon §54 E[—In f(X)].
NHiZH PL(p, B) 704 Renyi AT Shannon 4,

1 Feo

1 +oe
Ir(r) = In [ (z;p, B)dr = Hln/o -1

1—r 0

B" (1—p)(z41)~"FD .
)'In"p (1 — (1 —=p)(z+1)-P)r

1 +oo (1 — r . ) +oo +_1 ‘ o
= 1—rln/0 M)(m+1) (’6+)[1+;r(rﬂj)(l—p)](m+l) ’Bj]dx

_ 1 p(-p) 1 AR GRLT e PR .
R Ll o e o T D s T U O RS

I

j=1

RIS > L £ 1,

+00
E[-Inf(X)]=In(—Inp) —InB —1In(1 — p) — / In(z + 1)_(B+1)f(a:;p, B)dx

~In(1 - (1 -p)a?)

+/1 N In(1 — (1 —p)z~?)d[1 ]

Inp
Inp ﬁ—i—l—s_Oo 1
=In(-1 —Ing—In(1-— — 1—p)itt .
n(~lnp) —Inf —In(l —p) + +_1np;< T

TNTEAIT TS PL 73 A 1) 2% 2505 R ORI - S5 980 2 7 i, 2[R JBRH 5% T8 3L X6 7 A1 %5 52 BR KRy
f(z), HARECA F(x) BAEARBENLAZE X, HAEFREON S(z) (=1 — F(x), RICEREN
h(z) := ggg, FEIFIRTFAA m(x) == B(X —z|X > x).

P30 93 AT S FL AN 52 W SE P FA I — AN B R4 5, VR IR W 2 SOk
[13-14]. U JUAE, A KRR 5T T FOARTEBR, — Lo w8 P Bt St 22 51 N, AR08 14 o iy ]
SEPERFOE T AT R IR, FRATT S ] A 5G A58 14 51 1Y) 5 .

EX 3.2 WX RAERBENAR R, HorAmmE. AA7 R AR FE R A
F(t)s F(t) LK h(t). x X BF

1) DFR(decreasing failure rate) 1/, Q15 h(t) A& 51815 Jel bR 2

(

_— Jo h(u)du N
(2) DFRA (decreasing failure rate average) Y£JiT, W5 07, Vit > 0 HLE S
(3) NWU (new worse than used) )i, 44 Ve, x > 0, #H F(t +x) > F(t)F(2);
(4) NWUFR (new worse than used in failure rate) V£, WIER vt > 0, #A h(t) < h(0);
(5) NWAFR (new worse than used average in failure rate) i, Wi vt > 0, #H

f; h(u)du
t

A K FORAERS R A A1 18 W Nanda 45 [19),

< h(0).
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EIR 3.2 PL(p, B) A BA T3
(1) REERECN

—B = p)(=+1)" P Vg o) ()
11— —=p)(x+1)"FIn[l - (1 -p)(x+1)7]

XFTE R p, 8, h(x;p, B) KT o HRPER, B PL 7041 BA DFR 145, H

lim h(z;p,B) = -l —p)7 lim h(x;p,B) = 0.

z—0+ plnp z—+00
(2) &3> 10, FHRRAGN
—(@+ 1) (1 =p)2(1-p)(z+1)7" 1,1~ 3)
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m(x;p, B) KT x IEHE H
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iE (1) /81 (2.1) & W PL(p, B) A A7 R E TN
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. B B —p)(x+1)" PV o) (2)
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/?\,\
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f(z) 1-(1-p)(z+1)-F '
!

g(x) = ~(L=p)(z+ 1)~ + (B+1)(x+ 1),
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B, R EA DFR A,
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£ BT PL(p,B) 704 B DFR 5, B 3C#k [15] 7T LA 3] PL(p,B) i B H
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X AR e B
(p, B5v0s) = nlnf—nin(~Inp)+nln(l—p)
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=1 i=1

R TTREH
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ap  pp 1-p “1-(1- )(xi+1)—ﬁ_0’ (4.1)
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L8R 77 R (AR AR 2 B ¥ AR R 53, RIS PL(p, ) HAFi S5 p, B 1E— NS H0Hi
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=1
iE it
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o) _*_“Zl”l“ Z —0=p@+1 7

B (I=p)(z; + 1) ﬁln(:ci—f—l)
o= 3 e

i=1

FA w(B) KT B R fidEm H w(3) > 0, HiF
p) < % — Zln(mi 1),

M B>t EE H g(B;p) <0, jE'jhmw Z (x; + 1), H

3

(ﬁp)>*—zln(xz+1 pzlnxz :B_Et

WY B < pt=t B, g(B;p) > 0, FTLATHEE (4.2) 1€ (pt=1, ¢1) XN BA0HF — i, EHEX
. XN

$l+1) Aln?(x; +1)
g(B:p) =~ +Z CE R

W ¢ (B;p) XATER B >0 %‘Bmiﬁﬁ’l, .73 ,@EIEOOQ (5, p) =0, W g(B;p) KT B HiH, ff
—MHEARIE. WIR ¢/(B;p) HARKMTER B> 0 #RHRWWH, & 6o N ¢ (8;p) = 0 KR,
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—p)Bo(xi + 1) P In(z; +1) = 1+ (1 — p)(x; + 1)~
[1—(1=p)(w; +1)~F]2 '

g(Foip) = 3 (e + 14

4
m(Bo) = (1 = p)Bo(z; + 1)~ " In(z; + 1) =14 (1 — p)(a; + 1),
KA m(By) R p Bk, #

m(Bo) < Bo(w:i + 1)~ In(x; +1) + (z; + 1)~ -1 <0,

MR A B Bo #84 9(Bo; p) < 0, Bl g(3; p) BIFSSE s 9(6;p) < O, X?’aﬁgrfoog(ﬁ; p) =
—nt <0, # (4.2) AIEME—. ~
IR [17) HoE B 2.13 B, WO RUA LT B 0T 8 —AHA . IEEE.
EOUSH p SRR, FESERR TR, iR i Pn e s 8 AR, lECE B ST
[N ©5 = (g,00), HH e > 0 NIR/NWHEEL, WETHHES

(1)
Rof(@) ,  (TTOf)
/O a9 d:r:/o 952 dx = 0;
(2)
Olnf(z) 1 iz B (1=p)(x+1)Pln(z+1)
I B A B [ P e
1 1=p)(X+1)PIn(X +1)2 )
E[B—ln(X—l—l)— X1 |” < +oc;
(3)
FPlnf(z)| 2 2[1n(x+1)]3_H()
033 €3 3 = 4,

H E[H(X)] < +oo. #IRHESC [17] 5EHE 2.14, A1 B 25T 8 WHL EAH T
EIE 4.2 W PL(p, B) A SH 3 O, WRT p BIHHE (4.1) 1E

A, :={n< 22":(% +1)77}

&, H P(A,) — 1(n — 00).
E R (4.1) W7

i=1

WUE A, ET7RE (4.1) £ p € (0,1) WEDE R, FAAEMSHE. BRI (2.2) ARG

B+ 1) = [ @+ 1) (o B = 1+ o
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AR o+ KT p LE(0,1) AERIRIERH hm =ty =5 WA B(Xi+1)77) > 4, iR
WEREEHES P(A,) — 1(n — o). IEEE

Elaﬁ&ﬂuﬁiﬂ%zﬁﬁﬁéiﬁcl:l:ii’E%%, ARG RAR, T EM SHike —F HA BRI R
[ R e T B R AR VR (VE L SC [18)). FTHIFRAIL W PL(p, 8) 43 A WA KU At 1H Y EM
=

W&, 6, & NBUATZECN B 1 Pareto AT BABENLEEAR. Z 25 & (s =

2, ) MSLHIBENLAE &, HARMNSECN p 1 Logarithmic 434, & X = min{&, & -+, &4},

M| X A1 Z (BRA 22 B sR O

(1-p)
—In(p)

KHE2z=1,2,---, 28 pe(0,1),8 € (0,+00). Z KT X MFKMRELEN

f(z,z;p,8) =

Bz + 1)~ P4 o (2),

Py ix(z|z;p,8) = P(Z=2zX=ux)
= (1=p) e+ )PV - (1= p)(z+ 1)L, 100)(2),

EH2=1,2,---, 28 pe (0,1),8€ (0,4+00). M Z KT X BIZKMHHER
E(Z|X;p,B)=1—-1-p)(z+1)""]"

YMYHELEI (p©, 8O) W, At pt), 6O NE ¢+ 1 YAERIFUEI I THE. F EM 5%
IPES AW/

n

t+1 In(xz; +1) 1
ﬁ(Jr)_n[ile_(l_ )(m +1) g(t)] ; (43)
Pt — —n(l —p"*Y) (4.4)

p(t-',-l) Zn: 1— 1 —p(t))(l‘ + 1) 5@)]_1

KA Mxlnz +n(l —x) =0M >n) £z € (0,1) BRE A, 8T DR Z2aE K
BZEE FIRPERTER, 2800 = (p, 8) KI5, B) UMM —TE IE 455

i N9, J(0)71), H J(0) = E(I;0) = Ju iz T T =100, mops) = Ly Ip %
Jar Iz Iy Iy
RIS SRR, H1aX (4.1) A1 (4.2) k13

= Lo naptl) | n 5wt D7
N Ty T T ety (-p = I-(-p )
. . 0%l . - hl(l‘l + 1)(!]31 + 1)7ﬁ

fe =T =555 == 2 i (1= p)(e + )

I R N e e ST o O
le=—g5 =5 —( p)g[l—(l—p)(wﬂrl)‘ﬂ]f
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o) = [
1
LN R A 5
2ul 2] 1
[
2
[ AR = 1)+ [
135
[ (X +1)2° _ 1 (3+i_2—n)
L—(A-p)(X+D) P~ (1-pPlp2 2p2 g
B In(X+1)(X+1)"" ] = - l—p+plp
[1—(1-p)(X+1)-7] 28p(1 —p)Inp’
B In*(X +1)(X +1)7° = L ()
1-(1-p(X+1)7F2 p*(1-p) B*(L-p)lnp
NGBS
_ _n(lnp+1) n n 31 2 '
=, e T a2 T T )
_ l—p+plnp
J12 _J21 25}?(1—[))111]9
_ 9
a2 = G%1np

R J(p, B)7" 7E 6 WA T B0 WSROI I 7 2285, 30 T-1(5, B).
5 BERM

DA @A FAIIEAA, 73 BITEA R IR 2 & N7 1000 X Monte-Carlo i) (IEFF
24 0.0001), fJ5 FH EM B3R (p, 3) BIRRAAER i 11

1% 1000 AT B I S EURETHE R pi, Biyi = 1,2, -+, 1000.

CFEARSE A

1000 1000

1
MEAN (p) = 10002p1,MEAN 10002@,

FEAbRHEZR N

i=1
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R 1: PL(p,B) n S % (p, B) KIBKAUSRAL T

n__ (B (9,89) MEAN(p) SD(p) MSE(p) MEAN(3) SD() MSE®B) a1 as
(0.5,1) (0.5,1) 0.6109 0.3126 0.1080 1.0406 0.2382 0.0585 0.909 0.974
(0.5,2) (0.5,2) 0.6219 0.3180 0.1128 2.1040 0.4866 0.2439 0.899 0.976

50 (0.5,3) (0.5,3) 0.6225 0.3166 0.1102 3.1473 0.7101 0.5169 0.898 0.973
(0.2,1) (0.2)1) 0.3147 0.2688 0.0892 1.1010 0.3270 0.1201 0.929  0.977
(0.8,1) (0.8,1) 0.7519 0.2824 0.0809 0.9950 0.1828 0.0337 0.905 0.967
(0.5,1) (0.8,1.5) 0.5907 0.2767 0.0848 1.0361 0.1842 0.0352 0.918 0.972
(0.5,2) (0.2,0.5) 0.5773 0.2687 0.0782 2.0570 0.3551 0.1293 0.917 0.970

100 (0.5,3) (0.1,0.1) 0.5852 0.2746 0.0827 3.0883 0.5517 0.3121 0.920 0.973
(0.2,1) (0.1,0.1) 0.2544 0.1700 0.0318 1.0470 0.2241 0.0524 0.907 0.945
(0.8,1) (0.1,0.1) 0.7547 0.2590 0.0691 0.9800 0.1472 0.0221 0.895 0.954
(0.5,1) (0.1,10) 0.5376 0.1544 0.0253 1.0147 0.0911 0.0085 0.950 0.946
(0.5,2) (0.5,0.5) 0.5296 0.1500 0.0234 2.0160 0.1806 0.0329 0.949  0.960

500 (0.5,3) (0.5,2) 0.5265 0.1490 0.0229 3.0272 0.2684 0.0728 0.944  0.960
(0.2,1) (0.5,4) 0.2102 0.0590 0.0036 1.0093 0.0941 0.0089 0.937 0.952
(0.8,1) (0.7,2) 0.7992 0.1601 0.0257 0.9997 0.0706 0.0050 0.952  0.978
(0.5,1) (0.5,1) 0.5152 0.1024 0.0107 1.0053 0.0644 0.0042 0.953  0.952
(0.5,2) (0.5,1) 0.5111 0.1028 0.0107 2.0054 0.1284 0.0165 0.943 0.951

1000 (0.5,3) (0.5,1) 0.5125 0.1009 0.0103 3.0141 0.1892 0.0360 0.957 0.954
(0.2,1) (0.5,1) 0.2062 0.0393 0.0016 1.0064 0.0650 0.0043 0.939  0.950
(0.8,1) (0.5,1) 0.7966 0.1344 0.0181 0.9955 0.0551 0.0031 0.946  0.969

FERI TR ZEN
1000 1000

1 N 1 —~
MSE(p) = 1000 ;(Pi —p)?,MSE() = 1000 ;(ﬁi - B)*.

ZILIEB A No(0,7-1(p, B)) T LAFSRAES S p, B MWHE B S X . b p KA
1 —n BIHTE B S XA p+£ 2z [Var(p)]?, 6 H1 1 —n $HEBEEXEN § £ 2y [var(F)]2. XE
(") A TP, B) RIS H M TR, T 2y RoRARE RN 1 — L M. 7E
3% 1000 YL, oy K p 1 95% BAS X M ISZBRE 65, an M B 1 95% BAS X 1)1 52 bR
BEF

MF 1 TLLE H, Fl EM S0 KA AR AALSR A T AT LAAR L 11 52 8% 2 80 254l e
A E AR, J EL BB REAZS 8 n B, A5 T IR 22 AR A 1
FESBOR LS. 4 p [N, B N, B BMRGE T B M TR ERAT, X p T R
AR, 4 8 RN, p /N, BRGE T p (AT RCRRAT, 3T 8 A5 TSR AR B .
BRI, 4 p, 8 MRS, MLE {560 R T

R

[1] Adamidis K, Loukas S. A lifetime distribution with decreasing failure rate[J]. Stat. Prob. Letters,
1998, 39(1): 35-42.
[2] Kus C. A new lifetime distribution[J]. Comput. Stat. Data Anal., 2007, 51(9): 4497-4509.

[3] Tahmasbi R, Rezaei S. A two-parameter lifetime distribution with decreasing failure rate[J]. Comput.
Stat. Data Anal., 2008, 52(8): 3889-3901.



G

1244 g4 5 ES Vol. 35

[4] Chahkandi M, Ganjali M. On some lifetime distributions with decreasing failure rate[J]. Comput.
Stat. Data Anal., 2009, 53(12): 4433-4440.
[5] Barreto-Souza W, Morais A L, Cordeiro G M. The Weibull-geometric distribution[J]. J. Stat. Com-
put. Simul., 2011, 81(5): 645-657.
(6] Wk, BB, WAk, Pareto-Geometric 770 [J]. %4 &, 2012, 32(2): 340-351.
[7] Soliman A A. Bayes prediction in a Pareto lifetime model with random sample size[J]. J. Royal Stat.
Soc. Series D, 2000, 49(1): 51-62.
[8] Johnson N L, Kemp A W, Kotz S. Univariate discrete distributions|M]. Hoboken: John Wiley and
Sons, 2005.
(9] BRBHBE A J5 250 A AORRAG o3 s KAl T 5 A8 XU U EEE 5 (9], B gt A3, 2008, 27(1): 70-75.
[10] Erdélyi A, Magnus W, Oberhettinger F, et al. Higher transcendental functions[M]. New York:
McGraw-Hill, 1953.
[11] Renyi A. On measures of entropy and information[A]. Fourth Berkeley Symposium on Mathematical
Statistics and Probability[C]. Berkeley: University of California Press, 1961: 547-561.
[12] Shannon C E. Prediction and entropy of printed English[J]. Bell Sys. Tech. J., 1951, 30(1): 50-64.
[13] Barlow R E, Proschan F. Statistical theory of reliability and life testing: probability models[R].
Tallahassee: Florida State University, 1975.
[14] Cheng Kan. Class of life distribution and mathematical theory of reliability[J]. Sience Press, 1999:
97-136.
[15] Nanda A K, Das S. Dynamic proportional hazard rate and reversed hazard rate models[J]. J. Stat.
Plan. Infer., 2011, 141(6): 2108-2119.
[16] Glaser R E. Bathtub and related failure rate characterizations[J]. J. American Stat. Assoc., 1980,
75(371): 667-672.
(17] GRS, EFFE, WL, SRR G0H M) Jbat: @SR Hik, 1998.
[18] McLachlan G, Krishnan T. The EM algorithm and extensions[M]. Hoboken: John Wiley and Sons,
2007.

A NEW LIFETIME DISTRIBUTION WITH DECREASING
FAILURE RATE

LU Xiao-xing , PENG Wei , LIU Lu-gin
(School of Mathematics and Statistics, Wuhan University, Wuhan 430072, China)

Abstract:  In this paper, we introduce a new two-parameter lifetime distribution with
decreasing failure rate. By using mixing Pareto distribution and logarithmic distribution, various
properties such as moment, entropy, failure rate function and mean residual lifetime are studied
and the MLE of parameters are discussed. The EM algorithm is used to determine the maximum
likelihood estimates. Simulation study are performed.

Keywords: Pareto distribution; Logarithmic distribution; maximum likelihood estimation;
failure rate function
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