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Properties of Stochastic Orders on Parallel Systems with

Two Independent Components
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Abstract: The parallel system composed of two independent and exponentially distributed components was
mainly considered. By studying two such parallel systems 3, and 3, , where the parameters of one component are
the same and the parameters of the other component are different, the stochastic comparison properties of parallel
systems 3, and 3, in the sense of stochastic order were gained, likelihood ratio, hazard rate and reverse hazard
rate. Meanwhile, the results of the proportional hazard rate model and Weibull distribution model were obtained.
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1 EX

THAABENUT . PHR B K o B O0F (02 X, 2 RYPERT AT S SCk [8 -9]. Ch ¥k
BEHLAS ARG, A0 A0 RECE XS L0, BAMER% R sRE R Hds < RIRARRET ) <
BT A IR

EX 1 BEHUER X | Y BYEREEREI N Sy fy  SATRREN BN Fy (Fy , HEAFRREOMIN Fy =
1-Fy F, =1-F,, F: 1) XIREHUT/NF Y GEFEX <Y ), % F(x) = Fy(v) 5 2) X R/
FYOMEX <,Y), & F(x)/F(x) XF « BLRBIN; 3) X IKREERT/NF Y GEfEX <,Y), &
Fy(x)/F,(x) JF x BRI, 4) X RBRHT/NF Y GETEX <,Y), &/, (x)/f(x) XTF « aihain,

WRENLAS R X | Y SRR A NN ry = fi/F o1y = f/F, SOREERS N re = fi/F .
r =f/F,, B X< YEWNTFr() =r), Ve >0, X<, YENTr,(t) <r(t),Ve>0,

FIRBEIUFA I T RR X < V=X <, V=X <V ; X < V=X <, V=X <V (WCHk [8]),

BN 2 FrahsrBEHLAE R X, -, X, BRI PHR #58Y  QnR A7 e R & BEHLAS B 09 73 A pR AL F SR fy
WHROA, , (15X, BAAEsRBF, W Fo(x) = [F(x) 1%, i =1, ,n, HHPRF HEEL M0 R

A r(t) RIS RELF SRR AL, WX, AR v (0) = Ar(e) , EAFSRECH F (x) =

e MR o e, KR R(%) = jﬂ(ﬂdﬁ@ﬂ@?&%ﬂﬁﬂ%ﬁ AR, HR(x) =xWf, PHRBIRIA]

REER A, - A, BIFEE AR
EX3 KX = (x,,x,) Y = (x,,x,) TENITCEENDNEIREHE, D8 (v,

m j I . n
() ﬂl(}”(l)y"%}’(n)) o 1) FRX ="Y, Zizlxu) < ZiZID’m s Vji=1,-n-1H Zizlx(i) =
2?_]}/(,:) 3 2) FRX ="Y, Fa z.z_zlxm = Zizlym ,Vji=1,+,n;3) X ="Y | # H];',:lx(i> =

Hi]ym ,Vi=1,n, BHHE. X="Y=2X="Y=X="Y , X ='YeIn(X) ="In(Y) .
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SIEE3 WX | YRMDEEIVES, g(x) AP IMRE, WA 1) X<V, Wg(X) < g(V);
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BIE4 WA <A< LA A, ABERTFENEER, (1) = [Ae™ /(1 —e™) +2e™/(1 -
e )]/ [Ae™/(1 —e™) +de™/(1 —e™)] ,t >0, M o(r) T ¢ BRPFRM,
R PSR SAS: @' (1) [Ae ™ /(1 —e™) +de™ /(1 —e™) ] = [ =2 2e™M/((1 —e™)?) -
e /(1 —e™)*) ] x [Ae™/(1 —e™) + de™/(1 —e™)] = [ = A e™/((1 —e™)?) -
Ae™/((1—e™)) I x[Ae™ /(1 —e™) +ae™/(1 —e™) ], #EXRIFRE: @' (1) [A,e7/(1 -
e ) +de™/(1—e™)]? = [ = A A,e M2 /((1 —e™)2(1 —e™)) = AX e MM /((1 —e™')?
(1 —e™)) =A% M/ ((1 —e™)(1 —e™)) = Xe™/((1 —e™))] = [ = A A e My
((1 —e™)2(1 —e™)) =AA2e M™/((1 = e™)2 (1 —e™)) = A, %e M /((1 = e™)?(1 -
eM)) = Ae/((1 —e™)) ], BTG,
' () [Ae™/(1 —e™) + Ae™™/(1 —e™)]% = A, Ae M2/((1 —e™) (1 —e™))[A,/(1 -
e™) = A /(1 —e™) ] + Ad,e /(1 —e™) (1 —e™))[ A/ (1 —e™) —A/(1 —e™) ] +
Ae A —e™) (1 —e™))[A/(1—e™) A /(1 —e™)] =4A+B, (1)
Hi, A = A ,e M1 = e (1 = e™))[A/(1 = e™) — A /(1 — e™)], B =
A,e™ /(1 —e™) (1 —e™))[A/(1 —e™) = A/(1 —e™)] + Ah, e /(1 —e™) (1 -
e MM A/(1T —e™) =2, /(1 —e™) ],

A, <A<A,, HBIHL, HA>0, HAB = L,e™/(1 —e™)[A,/(1 —e™) - A/(1 -
e ] + A e™/(1 —e™) A/ (1 —e™) =A /(1 —e™)] = Ae™/(1 —e™)[A/(1 —e™) = A/(1 -
e+ e™/(1—e™)[A/(1=e™) =A/(1=e™)] =de™/(1 —e™)[A/(1 —e™) =),/
(1-e™) ] =0, 3 (1) Be'() >0, o) KT o B,

AR BX, 5 X AT, RN SECH A, A R, Y, 5 Y, MBS, SR
WSECH A, FIA BB, 2 X,, = max(X,,X,) ,Y,, =max(Y,,Y,) o, WA =max(A,,A,) , W
X,, =,Y,,0M, <A,

w2 WX, 5 X, MBS, RN SECH A, 1A, BEREUME, Y, 5 Y, MBS, 535
MRINSHCH A" FA, T BRI, 2 X,, = max(X,,X,) , Y,, = max(Y,,Y,) . W min(A,,A,) <
min(A, " ,A,7) < max(A,",A,7) < max(A,,A,) , N,

D FE AR 1) (A.4) = (A0 5 D) X, =Y, i) X, =Y, .

P

2) FHEZAMSM: 1) (4,,0,) = (47,4 5 1) X, =Y., 5 i) X, =00, .

AU X, 5 X, ML, Y, 5 Y, IS, 4 X,, = max(X,.X,) , Y, = max(¥,.Y,) , #
BN LA A BIUNER, TR X, 5 Y,, EHINUT | RURILRE . SRR | RO R RIBEHLEL
BeMET, B 1 FRC A A 1 TS, 2 R 3 LA 2 IR,

3 EEHR
3.1 EHSMER

AT SRR AR AT AR U PR R e, b — MR SR e, 55—
SHUBALRT, IR R G FF A I BELIT PR T

WRAEE X, X, AHEST, A BIIRMSECH A, FITA, (A, >0,A, >0) BUFEEUME, WX, (X, 4
IREIFIR RGE A X, , B ARERECH Fy, (1) = (1 —e™) (1 —e™) | #REEN L, (1) = Ae™ +
Aye™ = (A + Ay e M BRSO 1y (1) = f (10)/Fy (1) = deM /(1 - ™)+
Ae /(1 —e™) | Ary (1) =r (1) +r(1) , Vi >0,
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EIB1 ORX, X, MEIMST, SBIRMSECH A, FX 88, Y, LY, A ST, IR S
BOw A, B BB, A, A5, > 0 A = min(A,,A,) , WX, =Y, WREFRMARA <2,

ERA M A =max(A,,A,) B, WLSCEK [6] wHE3.2, HFEEIE min(A,,4,) <A <max(A,,A,)
T 8 ry (1), (1) 5330 Xy, LY, BB,

FEOME, BeA, <A, WTIE2, BHEX,, =Y, , HFIEX,, =,Y,, fle() =r, (1)/r,,(1)
KF v e R BIARN, X, , | Y, , BRBEERS 50 ry, () = Ae™ /(1 —e™) +de™/(1 —e™) =
ry (1) + 1 (0) L1y, (1) = A/ (1 —e™) +de™/(1 —e™) =71, (1) +r,(1) o

BN, <Ay, BB Ae™ /(1 —e™) = Ate™/(1—e™) , Kifir, (1) =7, (1) o XH
Frg (1) =r, (1), Wrg, () =1y, (), BIX,,=,Y,, . 514, o) =1 (1)/r), (1) KT 15
PRI, X, =Y., .

B, X, =Y, , BiEA, <A, WX,,=.Y,,, #X,,=Y,, WXHEEN: >0, A
Fy,, (1) = F, (1) o XF (1) TERGRZEBREITA N F\ (1) =e™ +e™ —e™™™ = [1 -2+
N2 +o0(P)] +[1 =X+ A2 +0()] =[1=(A, + M)t + (A, +0)FP/2 +0(%) ], Fild,

Fy, () =1 =202 +o(s'), (2)
Hrfro(2) FoR ¢ WIS/,
CIER
Fym(t) = e M peM et ] _ ANE +o(1), (3)
at (2) M (3) M1 - AN +o(F) =1 - AN +o(F) , PTARIBRLLE 5. — A, +o(F) /0 =
—AN, +o(P)/, B0, AN, < AN, HIA, <A,

TR 3 B, ERE PR AL = min(A,,A,) AR, EIA <min(A,,A,) , EH1K
Z5A—E WO

W3 WX, X MEMST, BIIRASEC A, FIA BFEEM A, Y, LY, RS, IR S
BN A, AN BIFEEC AT, AL AL A > 0, %5 A < min(ALA) , W 1) HA, < A, AEHH
Xy, =Y, i) HA, <A, AREBX,, =.7,, .

iERA 4 a)d =1.6 A, =3,4,=56;b)A=0.3,1,=06,A,=0.7; c)A=0.1,
Avo= 0.3, 4, = 0,65, % I(550,0,,4,) = fi, (O)/f,,(1) = [Ae™ + xe™ - (A, +
A)e M/ [ae™ # de™ = (A +0)eT V] J(15A,4,,0,) = Fy (0)/F,, (1) = [e +e™ -
e M e p e e ]l L, B2 TRIEH: M e RTEF, I(60,4,,A4,) T4,
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X)) ARBIERI N, #X,, =.Y,, FX,, =, WAL, AU,

EIE2 WX, X, HEA, RIS EC A, A BFEEME, Y, Y, EST, SRS
B A, AN BIFRE AT, A A, ,A > 00 A = min(A,A,) , WITRIIEMASEMR. 1) A, <A, 5 2)
Xz;z 2lryz;z 5 3) Xzzz BthLz 5 4) Xz;z 2rhyz;z 5 5) Xzz = Yzz o

ER HTXS V=2X<S, V=2X<S YV X< V=2X< Y=2X< Y, HREHRLH1)e2) , AT
ES)=1) ,1)=4) ,

5)=1) ;. WX,, =.Y,,, Zif A, o SHEH 1 WEAERR IR AR

D)=4) : WA, <Ay, BHEX,, =,Y,, . A, <A B, @58 1G5, (1) =7, (1), XK
;X2<t) = ;)2(t) ﬁ&;){“(t) = er(t) +rx (1) = ry (1) +;y2(t) = ;hz(t) B X, 20 Zatan s EEE

1 OER2 P, B min(A,,4,) <A <max(A,,A,) B, FEREECHER (6] ERE3.4, FEH4.3
MRS, o 2 S5ISEScHk (6] EHE3. 4, EH 4.3 BIHhTT,

EIE3 WX, X, MEMST, SBIRMSECN A, R 88, Y, Y, A RS, IR S
B, A WIREO G, MTAEZM A >0, WTFHRMEEN. 1)L <A, 2)X,, =Y., ;
3) Xz;z BSLYZ;Z o

B HX <, Y=X<)VY, HFE1)=2),3)=1) .,

D=2) : BA, <Ay, BIEX,, =,Y,, . M <A, B, MBI H (1) =0, (), XK
;X2<t> :;Y2(t) ﬁ&r)(“(t) —rx(t) +rx(t> /ry,(t) +;y2(t) :;y (), EI]XZZ/rhYQ;ZO

3)=1) s WX, =Y, , BiEA, <A, EESEH 1 SE 1{5 FIEEE AL

F2 A3, HA <min(A,A,) B, AR [6] &3 3.4 BN, BUERE 3 Mghie
JECHR [6] EHE3. 4 BYKNTE,

3.2 PHR #BER
T R A IR PHR BRI B 2R 48 A O BE LT
WX, EAFRRECF, WL F(x) = [F(x) 1% (i =1,2) , HAEFREF(x) =1 -F(x) , F(x) N

IBHIREL, ISR F (1) IHORRRECR 1 (1), BBHEIPEN R(0) = [ r(0d = = 1n F(x)

(i =1,2)

B P(R(X,) >x) =P(X, >R (x)) = FN(F'(e™)) =e™ | HFP R (x) N R(x) MIZEEEL,
WU, = R(X,) , WU ESHCH A, FEENE (i =1,2) ,

2 U,, = max(U,,U,) , I R(x) ZERIIHGINREL, K

U,, = max(R(X,),R(X, )) = R(max(Xl,X )) = R(X,,), (4)

FRFIH R(x) B R (x) ZHIEBG A%, @aE5 3 3, ¥ PHR BB AL R O A 15 5000 A0 14
B, BEER 4 MEBLS,

EIE4 B F(x) NAERBENA R EF BB X, X, HE RS, AFRE A [F() 1 M
[F(e)]", Y, Y, MBS, AEAFRE AR [F() 1 M LF() 1", A, 4,,A4 >0, A = min(A,,
A2) W 5 2% A 45 4 DA< A5 2>X2:2 Ber2:23 3)X2;2 BthZ;Z; 4>X2;2 BrhYZ;Z; 5)
X,, =Y, .

iR WP EREES, AU, = R(X,) ,V, = R(Y,) .U, , U, IR SECH A, Tl A B35 500
i, Vo, Vy SIS EC A, FA EREUME, X (4) B U,, = R(X,,) , V,, = R(Y,,)

1)=2) . E‘G‘E”Al <A, EIEXz;z =Y. 2:2 © Fhﬂifi2ﬁ. U2:2 e 2:2 o I_IR_I(x> E$ﬂiﬁﬁm§|
}"F&’ lja%'I£E3XT_EI‘FR_I(Um) 2h-R_I(Vz:z) s Al Xz:2 erYZ;Z o

2)=1) s BREIX,, =Y., , ZiE A, < A, . HR(x) RPEHMEE, w5833 0, =
R(Xz:z) Bll-R(Yz:z) = V2:2 , 'ﬁﬂﬂﬁifiZfﬁB‘)\l = A,, ﬁﬁl)cﬂ) o
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AT ZEIE 1) e3)e4)e5) |

E3 EHAP, Hmin(d,4,) <A < max(A,A,) B, JEAHREICEE [7] EH 2.8 BT,
HER 4 sy R X, , =Y, RO FEE R, MEA STk (7] &8 2.8 Alpef X,, =Y,
BT TR 2500, BUEHE 4 BSCHk [7] 2.8 FhTE,

EES5 W F(x) BIERBENE R AFRE X, X, SEIST, A7 RE 5 [F() 1" #l
[F() 1Y, Y, Y, MHES, AAERE A [F() 12 M F() T, SFPEERA >0, WTFFI&M4
S DA <A 2) X, =Y, 3) X, =Y,

WX, X, BFARBEHVER, X, ~ W(a,A,) ,i=1,,n,A >0, a>0, KX KEFRE
NF (1) =e ™ (¢ >0), WX, X, RINSECH A, -+, A, B PHR BRY,

T A AR AT A R 53 A B A R 2598

‘IR WX, X, MHEN, WRMHFERTERSE «, RESECH A, A WBARS0, Y, LY,
IS, IRMAHFERIEIRBE o, RIESECH A, WA BFEHRDHG, AL, A, >0, B =
min()‘l5/\2) s mUT§U%{¢%1ﬁ 1) Al = /\2 H 2) Xz:z Ber2;2 5 3) XZ:Z 2thZ:z H 4) Xz:2 BrhY2;2 5 5)
X2;2 BSIYZ:Z o

EBE HWa >0,A < Aleor, <A, , lhEH4 TS5,
[ & % X #f ]
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