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δ(s) = (1− ρ)

[

1 +
ϕ(s)− α(s, a− aϕ(s))

β(a− aϕ(s))− ϕ(s)

]

. (1)

<"2$ " &; δi = Eσi  !" i ! 4$4"2 $3  $ )' 
%0 $4"10 
)*)
. ; σ9
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δ1 = aα11 +
a2β2ϕ1
2(1− ρ)

, (2)

δ2 = a(α21 + aϕ1α12) +
a3β2ϕ1α11
1− ρ

+
a2β2ϕ2
2(1− ρ)

+
a3β3ϕ

2
1

3(1 − ρ)
+

a4β22ϕ
2
1

2(1 − ρ)2
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δ(s) = (1− ρ)
ϕ(ca − caϕ(s))− ϕ(s + ca− caϕ(s))

ϕ(ca − caϕ(s)) − ϕ(s)/κ(ca − caϕ(s))
.
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α11 = ϕ1κ1 + cϕ2, α21 = ϕ2κ1 + cϕ3,

α12 = ϕ1κ2 + 2cϕ2κ1 + c2ϕ3, β1 = cϕ1 + κ1,

β2 = c2ϕ2 + 2cϕ1κ1 + κ2, β3 = c3ϕ3 + 3c2ϕ2κ1 + 3cϕ1κ2 + κ3.

C3  !" 
%0 $4"1F0 0"1:.
"  .4" .0 *1$*$1 .$2)'  $ . 0 
)*)
. ; 5ξ1 ≡ 09
c > 079 =" !):"

δ(s) = (1− ρ)
ϕ(ca − caϕ(s)) − ϕ(s+ ca− caϕ(s))

ϕ(ca− caϕ(s)) − ϕ(s)

)2# α11 = cϕ29 α12 = c2ϕ39 β1 = cϕ19 β2 = c2ϕ29 β3 = c3ϕ38
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b1 =
2 + ρ−

√

ρ(4 + ρ)

2
, b2 =

2 + ρ+
√

ρ(4 + ρ)

2
.
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1 + ρ2e−(1−ρ)fx
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− ρ(1−ρ)√
ρ(4+ρ)
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1−b1
1−b1−ρe−b1fx − 1−b2
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)
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1

f
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1− ρ
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1
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L
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∗ (x) ≡ 1,

L
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∗ (x) =
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L
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∗ (x− u)dL(u) = L
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DV (V − x)dL(x).
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xDV (V − x)dL(x).
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P = 1−
∫ V

0
DV (V − x)dL(x) ≤ 1−

∫ V

0
D∞(V − x)dL(x) = P ∗, (5)

Q = 1− 1

ϕ1

∫ V

0
xDV (V −x)dL(x) ≤ 1− 1

ϕ1

∫ V

0
xD∞(V −x)dL(x) = Q∗. (6)

<)&.2 *+( /&(6 #,'%% P 2 Q E+( *+( ('!)&( %'(>& V B2 !)& /'%-&# P ∗ '.8 Q∗
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'-#&
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1−
∫ V

0
D∞(V − x)dL(x) = P ∗

(

1− 1

ϕ1

∫ V

0
xD∞(V − x)dL(x) = Q∗

)
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P ∗ =











ρ(1−ρ)√
ρ(4+ρ)

(

e−b1fV

1−b1−ρ − e−b2fV

1−b2−ρ

)

− ρe−(1−ρ)fV

1−2ρ 34 ρ 6= 1
2 (

1
9(8e

−fV/2 + e−2fV ) + 1
6fV e−fV/2 34 ρ = 1

2 D

Q∗ =































(1 + fV )e−fV + (1+ρfV−eρfV )e−fV

1−2ρ + ρ(1−ρ)√
ρ(4+ρ)

×

×
{

e−b1fV
−[1+(1−b1)fV ]e−fV

(1−b1)(1−b1−ρ) − e−b2fV
−[1+(1−b2)fV ]e−fV

(1−b2)(1−b2−ρ)

}

34 ρ 6= 1
2 (

1
9 (10e

−fV/2 − e−2fV ) + 1
4fV e−fV/2 34 ρ = 1

2  
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D∗

∞
(x) = 1− ρ+ ρ

γ(p, gx)

Γ(p)
,

6*$%$ γ(p, gx) =
∫ gx
0 tp−1e−tdt 3- )*$ 3"
5/2'$)$ #&//& 4,"
)35"(

Γ(p) = γ(p,∞) 3- )*$ #&//& 4,"
)35" A*$ J%-) &". -$
5". /5/$")- 54

)*3- .3-)%31,)35" &%$ $K,&' )5 δ∗1 = ρp/g( δ∗2 = ρp(p+ 1)/g2( %$-2$
)3+$'0 A*$

2&%&/$)$%- p &". g -*5,'. 1$ 
*5-$" -5 )*&) $K,&'3)3$- δ∗1 = δ1( δ∗2 = δ2 *5'. 

L5( 6$ 51)&3"

p =
δ1
2

ρδ2 − δ1
2 , g =

ρδ1

ρδ2 − δ1
2 .
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-2+'

Φ(x) =

∫ x

0
D∞(x− u)dL(u)

 ! "#$ %$&'" (! )*+ ,- "#$ .'//' 0 1"% ,2" (! 32!
" (! Φ∗(x) = γ(q,rx)
Γ(q) 5

 !"#$ %& '()*+(",*(-. /,.
*(-.) D∞(x) !.1 D∗

∞
(x) /-+ ρ = 0.2

x D∞(x) D∗

∞
(x)

232 2342222 2342222

%32 2345466 2347286

932 2362688 2362488

:32 236568% 236549%

532 236;98: 236;%4:

832 23669%7 2366997

432 2366;;4 2366;64

%232 23666:4 2366656

%732 236666; 2366666

9232 2366666 2366666

 !"#$ 9& '()*+(",*(-. /,.
*(-.) D∞(x) !.1 D∗

∞
(x) /-+ ρ = 0.8

x D∞(x) D∗

∞
(x)

2 2392222 2392222

9 23:;49% 23:4%;2

7 238::62 238:244

%2 2347448 2347;27

%7 2365;96 2365;24

92 236427% 23645:6

97 2366949 2366:%8

:2 2366;:8 2366;74

72 2366667 2366668

82 2366666 %322222
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 !" #$%& '() %"
+() ,+,"(&% +- &!.% ).%&$./0&.+( !'1" &!" -+$,

f∗1 = q/r, f∗2 = q(q + 1)/r22  !" -0(
&.+( Φ(x) .% &!" ).%&$./0&.+( -0(
&.+(
+- &!" %0, +- &!" .()"3"()"(& $'()+, 1'$.'/4"% σ '() ζ2  !0%5 &!" #$%& '()
%"
+() ,+,"(&% +- &!" ).%&$./0&.+( -0(
&.+( Φ(x) '$" "60'4 &+ f1 = δ1 + ϕ15
f2 = δ2 + ϕ2 + 2δ1ϕ15 7!"$" δ1 '() δ2 
'( /" )"&"$,.(") -$+, &!" $"4'&.+(%

89: '() 8;:2

 !" 3'$',"&"$% q5 r %!+04) /" 
!+%"( %+ &!'& "60'4.&."% f∗1 = f15 f∗2 = f2
!+4)5 7!"(
"

q =
f1
2

f2 − f1
2 , r =

f1

f2 − f1
2 .

 !"( 7" +/&'.( &!" '33$+<.,'&" "60'4.&=

P ∗ = 1− Φ∗(V ). (7)

 ! "#$
&$#'()* #*+ ,(-&$#'()*

>( %3.&" +- 3+%%./.4.&= &+ +/&'.( '( '('4=&.
'4 "%&.,'&+$% +- 4+%% 
!'$'
&"$.%&.
%5

%.,04'&.+( +-&"( %"",% ("
"%%'$=? @: &+ +/&'.( ,+$" 3$"
.%" "%&.,'&.+(%5 9: &+

"%&.,'&" &!" 60'4.&= +- '33$+<.,'&" $"%04&% '() ;: &+ +/&'.( A++) '33$+<.,'&"

$"%04&% 7!"( '('4=&.
'4 '33$+'
! .% .,3+%%./4" +$ $'&!"$ 
+,34.
'&")2

"#$%& '( )*+$#$,%,-,&. P / Q #01 P ∗/ Q∗ 2+* ρ = 0.2

V P P ∗ Q Q∗

! 34!!!!! 34!!!!! 34!!!!! 34!!!!!

5 !4363! !457897 !4777:8 !47:877

7 !4!77 6 !4!6!6 !437388 !43 6 '

 !4!3'!: !4!5!67 !4!7'7 !4!9367

8 !4!!'86 !4!!9:! !4!3'!' !4!39'8

3! !4!!333 !4!!365 !4!!'83 !4!!776

35 !4!!!'5 !4!!!78 !4!!33' !4!!358

37 !4!!!!: !4!!!3' !4!!!' !4!!!' 

3 !4!!!!' !4!!!!7 !4!!!3! !4!!!3!

38 !4!!!!3 !4!!!!3 !4!!!!5 !4!!!!'

B"& 0% 
+(#$, &!.% %&'&","(& /= %+," "<',34"%2 C" %!'44 '(4=D" &!" 
'%"

ξ = cζ + ξ15 7!"$" c ≥ 0 '() &!" $'()+, 1'$.'/4"% ζ '() ξ1 '$" .()"3"()"(&
8.& .% 
4"'$ &!'& .( &!" 
'%" c = 0 &!" %"$1.
" &.," +- ' 
0%&+,"$ .% .()"3"()"(&
+( !.% 
'3'
.&=:2



 !"#$%"#&'! &( )&!! 
+%,%
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"#$%& '( )*+$#$,%,-,&. P / Q #01 P ∗/ Q∗ 2+* ρ = 0.8

V P P ∗ Q Q∗

3 !433333 !433333 !433333 !433333

5 3436'78 34''5!5 347!'89 3459'63

!3 3437 8: 34!8'63 343 7'! 347!566

!5 3433:66 343 583 3437!!5 343:!:!

73 343397! 3437'9' 3433858 343939:

75 3433!!8 3433:68 34337:3 343!!7!

93 34333'9 3433993 3433!39 3433'!9

95 34333! 3433!77 343339: 3433!57

'3 343333 34333'5 34333!5 343335 

'5 3433337 34333!8 343333 343337!

 ! 
#$ 
%&'#(! )*! +#,-!. P ∗ #$/ Q∗ 01)* )*! +#,-!. P #$/ Q %2)#1$!/
23 .1&-,#)1%$ 4%( )*! .3.)!& M/M/1/(∞, V ) 5ξ1 ≡ 067 0*!$ ρ = 0.2 5.!!
)#2,! 86 #$/ ρ = 0.8 5.!! )#2,! 96:  ! 
#$ .!! 4(%& )*!.! (!.-,). )*#) )*!
#''(%;1&#)! !<-#,1)1!. P ∼= P ∗ #$/ Q ∼= Q∗ #(! .#)1.4#
)%(3 %$,3 14 ,%..

*#(#
)!(1.)1
. #(! +!(3 .&#,,:

"#$%& 5( )*+$#$,%,-,&. P #01 P ∗ 2+* ρ = 0.2

V P ∗ P

343 !433333 !433333

345 345'!63 345!665

!43 34! : 8 34!3753

!45 343'979 3439 :6

743 343!33' 34335: 

745 3433773 3433!9!

943 34333' 343337!

945 3433336 3433339

'43 3433337 343333!

'45 3433333 3433333

=$ &%(! >!$!(#, 
#.! %4 )*! .3.)!& M/G/1/(∞, V )7 0! 
#$ %2)#1$ )*!
#''(%;1&#)! +#,-! %4 P ∗ -.1$> )*! #''(%;1&#)! !<-#,1)3 5?6:
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 !"# $%& !'()*+!# 
-."%)!&/. 
(*(
0"1 2(3! -40$%&) 50."&06-"0%4 %4 "2!

.!7)!4" [0; 2] (45 .!&30
! "0)! %$ "2! 
-."%)!& 6! *&%*%&"0%4(+ "% 20. 
(*(
0"1
80"2 *&%*%&"0%4(+0"1 
%!9
0!4" c = 1 :ξ1 ≡ 0;< =2! &!.-+". $%& "2!.! .1."!).
%6"(04!5 61 
(+
-+("0%4 :P ∗; (45 .0)-+("0%4 :P ; (&! *&!.!4"!5 04 "(6+! >

:ρ = 0.2; (45 "(6+! ? :ρ = 0.8;<

"#$%&  ' ()*$#$+%+,+&- P #./ P ∗ 0*) ρ = 0.8

V P ∗ P

1 2311111 2311111

2 13 4 !5 1351!44

! 135416! 1321527

7 1318!47 131299!

 131!187 131175!

9 1311761 1311216

21 1311187 13111!7

2! 1311128 1311114

27 1311117 1311112

2 1311112 1311111

"#$%& 4' ()*$#$+%+,+&- P #./ P ∗ 0*) ρ = 0.2

V P ∗ P

1 2311111 2311111

2 13!!614 132 9  

! 1316582 1315912

5 131251 1311822

7 1311529 1311!!8

6 1311149 1311167

 1311128 1311127

4 1311116 1311115

9 1311112 1311112

8 1311111 1311111

@4 *&(
"0
! 0" 0. %$"!4 (..-)!5 "2(" 
-."%)!&/. 
(*(
0"1 ζ 2(. (4 !'*%4!4A
"0(+ 50."&06-"0%4 (45 "2! &(45%) 3(&0(6+! ξ1 2(. (4 !'*%4!4"0(+ 50."&06-"0%4



 !"#$%"#&'! &( )&!! 
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 !!" #$ 
&' ($$ )'  &*+$( , -ρ = 0.2. &'/ 0 -ρ = 0.8.  1$ &223!23)& $

3$(4+ ( 5!3 (4
1 (6( $7( 5!3  1$ 
&($ f = 28 91$3$ f )( & 2&3&7$ $3 !5 
4(:

 !7$3;( 
&2&
) 68 µ = 28 91$3$ µ )( & 2&3&7$ $3 !5  1$ 3&'/!7 <&3)&*+$ ξ18
&'/ c = 1"

"#$%& '( )*+$#$,%,-,&. P #/0 P ∗ 1+* ρ = 0.8

V P ∗ P

2 3422222 3422222

3 24 '522 245 52!

5 246!728 2433'95

6 243 '78 242!63'

' 2425! 2 2422628

35 2422!39 242227!

36 242233 2422239

3' 2422237 2422225

55 2422225 2422222

56 2422223 2422222

=5 )'  1$ (6( $7 4'/$3 
!'()/$3& )!' $' 3&'
$ >!9 )( '! ?!)((!')&' -@$':

$3&++68 '! A&3B!<)&'.8 9$ 
&''! !* &)' &'6 $C&
 3$(4+ )'  1$ 
&($ V < ∞"

D!9$<$38 )'  1)( 
&($ 9$ 
&' 4($ ()74+& )!'  ! !* &)'  1$ +!(( 23!*&*)+) 6 !3

 1$ 23!*&*)+) 6  1& & 4') !5 
4( !7$3;( 
&2&
) 6 9)++ *$ +!( "

E$ 4( &'&+6F$8 5!3 $C&72+$8  1$ )'>4$'
$ !5 $' 3&'
$ >!9 !' +!(( 
1&3&
:

 $3)( 
( !5  1$ (6( $7 4'/$3 
!'()/$3& )!'" = )( )' $3$( )'@  ! 
!72&3$  1$ +!((


1&3&
 $3)( )
( !5  1$ (6( $7 9) 1 3$@4+&3 $' 3&'
$ >!9 &'/  1$ (6( $7 9) 1

?!)((!' $' 3&'
$ >!9 91$' ! 1$3 2&3&7$ $3( -)'
+4/)'@  1$ <&+4$ ρ. !5  1$($

(6( $7( &3$  1$ (&7$" G((47$  1& 
4( !7$3;( 
&2&
) 6 ζ 1&( &' $C2!'$' )&+

/)( 3)*4 )!' 9) 1 2&3&7$ $3 f = 18  1$ 3&'/!7 <&3)&*+$ ξ1 &+(! 1&( &' $C2!:

'$' )&+ /)( 3)*4 )!' 9) 1 2&3&7$ $3 µ = 1 &'/  1$ 23!2!3 )!'&+) 6 
!$H
)$' 

c )( $I4&+  ! 1"

=' J)@" K &'/ J)@" L 9$ 
&' ($$ 1!9  1$ +!(( 23!*&*)+) 6 P /$2$'/( !'

 1$ 
&2&
) 6 <!+47$ )'  1$ 
&($ !5 3$@4+&3 $' 3&'
$ >!9 -K. &'/ ?!)((!' >!9

-M. 5!3 ρ = 0.2 &'/ ρ = 0.8 
!'($I4$' +6" =' J)@" M &'/ J)@" N 9$ (1!9 &

()7)+&3 /$2$'/$'
$ 5!3  1$ 23!*&*)+) 6 Q  1& & 4') !5 
4(!7$3;( 
&2&
) 6 9)++

*$ +!( "
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 !"# $# %&'()(!*!+, P -'& &."/*)& 0$1 )23 %'!44'2 051 6'7 0ρ = 0.21

 !"# 5# %&'()(!*!+, Q -'& &."/*)& 0$1 )23 %'!44'2 051 6'7 0ρ = 0.21
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 !"# $# %&'()(!*!+, P -'& &."/*)& 012 )34 %'!55'3 062 7'8 0ρ = 0.82

 !"# 9# %&'()(!*!+, Q -'& &."/*)& 012 )34 %'!55'3 062 7'8 0ρ = 0.82
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 ! "#$
&'()#$

 ! "#$% &'&() *( '!'+,-( "#( &.%%$/$+$"$(% .0 '!'+,"$
'+ '&&).2$3'"$.! .0 %.3(

+.%% 
#')'
"()$%"$
% 0.) %$!4+(5%()6() %,%"(3% *$"# +$3$"(7 "."'+ 
8%".3()% 
'5

&'
$",9  " *'% %#.*! /, %.3( (2'3&+(% "#'" 8%$!4 "#( 8&&() +$3$"% P ∗ '!7

Q∗ $!%"('7 .0 "#( +.%% &)./'/$+$", P '!7 "#( &)./'/$+$", Q "#'" ' 8!$" .0 
8%5

".3():% 
'&'
$", *$++ /( +.%"; *( 
'! 48')'!"(( "#'" "#( '&&).&)$'"( 
#.$
( .0

"#( 3(3.), 
'&'
$", V &).6$7(% !. (2
(%%9

<.*(6(); *( %#.8+7 8%( %$38+'"$.! 0.) 3.)( &)(
$%( (%"$3'"$.! .0 "#(

3(3.), 
'&'
$",9

 !"!#!$
!&

=>℄ @9 A9 @+(2'!7).6; B9 @9 C'-9 D.!5#.3.4(!(.8% 7(3'!7% E.* %()6$
(9

 !"#$%&'( )* +++,- .#/01&
0#$/('( 3&4#51#%&/(; D. F; GHIJK; >LHK9

M ! N8%%$'!O9

=F℄ B9 P(!48&"'9 Q#( %&'"$'+ )(R8$)(3(!" .0 '! M/G/1 R8(8( .)S #.* ".

7(%$4! 0.) /8T() %&'
(9 6#
%- *7%#$ 871%5-  19- +
&-:  !; JGHIJUF; >LVG9

=K℄ W9 A9 Q$X#.!(!X.9 ;<#<#&1= >7?#@$ &1 87AB<%#5 +'$%#A$9 Y!$6()5

%$"("%X.(; A$!%X >LLZ9 M ! N8%%$'!O9

=G℄ W9 Q$X#.!(!X.9 >#%7?' B574(4&@&$%'
!1# (1(@&!' $'$%#ACD &1975A(
'EF

1'
0- @X'7(3$
X' W[
,!' \,7'*!$
-' ]^ Q; \')%-'*' FZZU9


