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Tp
TR
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Dp(�pqp)
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%s}U} wv|t O}rwDR=@ |xQwO R= |D@Uv CQwYx@ =Q |O}rwD |xQwO

Tp = kTR; k = Dr(1� �rqr)
Dp(�pqp)

(3)

|w=Ut |xNQJ n w O}rwDR=@ |w=Ut |xNQJ m pt=W xOW xO=O |xaUwD pOt

&(0 < qr < 1) OwW|t u=}@ Ci=} R=@ p@=k |q=m l} QO xO=iDU= p@=k |=RH=
|=RH= R= |OYQO CQwYx@ xm '|DWoR=@ O}OH |=yq=m pw@k p@=k C}i}m K]U %qp

&(0 < qp < 1) OwW|t u=}@ Ci=} R=@ p@=k |q=m l} QO xO=iDU= p@=k
&Q=O} QN R= |DWoR=@ |O}rwDR=@ |=yq=m O} QN Ct}k %pr
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OOQo|tR=@ sDU}U x@ `iO =} O}rwDR=@ |=Q@ xm O}OH |=yq=m |=[=kD R= |D@Uv %Rp

&(Rr = �rDr)

&O}rwDR=@ |R=Ov= x=Q |xv} Ry %Sr
&O}rwD |R=Ov= x=Q |xv} Ry %Sp
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&u=tR OL=w QO xOW O}rwD |OwHwt OL=w Qy |Q=Oxov |xv} Ry %hp

&u=tR OL=w QO xOW hQYt |OwHwt OL=w Qy |Q=Oxov |xv} Ry %hu
&O}OH |=yq=m O}rwD |=Q@ x}rw= O=wt |xv} Ry %Cn

qrRrTR + =yu; O=OaD xm |DWoR=@ |=yq=m R= l} Qy |=Q@ O}rwDR=@ |xv} Ry %Cr
&CU= qpRpTp
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&xOW O}rwD ?w}at |=yq=m |Q=mxQ=@ wO |xv} Ry %CRp

&|O}rwDR=@ |q=m |xDiQ CUO R= |=[=kD |xv} Ry %Crl
&xOW O}rwD |q=m |xDiQ CUO R= |=[=kD xv} Ry %Cpl

(1 � =yu; O=OaD w OvwW|t `iO xm |DWoR=@ |=yq=m |=Q@ `iO xv} Ry %Cw
&CU= qr)RrTR + (1� qp)RpTp

&O}rwDR=@ Ov}=Qi QO |@=QN OYQO %x
"O}rwD Ov}=Qi QO |@=QN OYQO %y

MQv =@ |O}rwDR=@ |=yq=m '(TRm ) O}rwDR=@ |xNQJ Qy QO '2 pmW j@=]t
x@ |O}rwDR=@ |=yq=m |OwHwt K]U xm |t=ovy w OwW|t O}rwD DR( 1
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"|DWoR=@ |=yq=m Q=Owtv Q} R CL=Ut |x@U=Lt "3 pmW

%OwW|t x@U=Lt u}vJ |DWoR=@ w O}OH '|O}rwDR=@ |=yq=m
HR;m =hr(IR;m) = 1

2hrDrT
2 �2

m
� (
(�x2 � x� 1) + 1)

=1
2DrT

2 rr (18)

Hp;n =hp(Ip;n) = 1
2hpDpT

2 (1� �)2

n
� (�(�y2 � y � 1) + 1)

=1
2DpT

2 pp (19)

Hu =huIu = 1
2DrhuT

2[
�
2

m
(1� 
�rqr) + (1� 
)2�2�rqr

m

+ (m� 1)�2

m
(1� �rqr) + 2�rqr (1� 
)�(1� �)

m
]

+ 1
2DphuT

2[�pqp(1� �)2] = 1
2DrT

2 ur + 1
2DpT

2 up

(20)

%s} Q=O xOWO=} \@=wQ |R=UxO=U =@
 rr = hr(
(�x2 � x� 1) + 1) (21)

 pp = hp(�(�y2 � y � 1) + 1) (22)

 ru =hu[
�
2

m
(1� 
�rqr) + (1� 
)2�2�rqr

m

+ (m� 1)�2

m
(1� �rqr) + 2�rqr (1� 
)�(1� �)

m
]

(23)

 pu = hu[�pqp(1� �)2] (24)

%s}vm|t ZQi u}vJty
 p =  pp +  up (25)

 r =  rr +  ur (26)

'19-17 \@=wQ x@ xHwD CU= xOW xOQw; CUw}B QO q=@ \@=wQ |x@U=Lt |xwLv
%s} Q=O u=tR OL=w QO sDU}U pm |Q=Oxov xv} Ry |x@U=Lt |=Q@

HT;m;n= Hp;n +HR;m +Hu;m;n
T

=TDr
 r
2 + TDp

 p
2 (27)

Ow@tm |=yxv} Ry �?
|xQwO QO O}OH |=yq=m |=[=kD '[24]u=Q=mty w Q@=H pOt Ovv=ty xr=kt u}= QO
|=yq=m O}rwD |xQwO QO |O}rwDR=@ |=yq=m |=[=kD x@=Wt Qw] x@ w (TR) O}rwDR=@

%u}=Q@=v@ w CU= T |xNQJ QO O}rwD

TR + Tp = T ) (1 + k)TR = T ) TR = 1
1 + k

T (4)

TR = �T; TR = (1� �)T (5)

CUO x@ u}vJ =Q tp3 w tp2 'tp1 'tr3 'tr2 'tr1 Q=Okt 2 pmW x@ xHwD =@ u}vJty
%s} Qw;|t

tr1 = 
 TR
m

= 
�T
m

(6)

tr2 = x
 TR
m

= x
�T
m

(7)

tr3 = TR
m
� tr1 � tr2 = (1� 
(1 + x))�T

m
(8)

tp1 = � Tp
n

= �(1� �)T
n

(9)

tp2 = y� Tp
n

= y�(1� �)T
n

(10)

tp3 = Tp
n
� tp1 � tp2 = (1� �(1 + y)) (1� �)T

n
(11)

|Q=Oxov |=yxv} Ry �hr=
|=yq=m |OwHwt K]U \UwDt w xv}W}@ '|Q=Oxov |=yxv} Ry |x@U=Lt |=Q@

%O};|t CUO x@ u}vJ |DWoR=@ |=yq=m w |O}rwD '|O}rwDR=@

IR;m = Drtr3 = Dr(1� 
(1 + x))�T
m

(12)

Ip;n = Dptp3 = Dp(1� �(1 + y)) (1� �)T
n

(13)

Iu =Rrqr(1� 
)TR
m

+RpqpTp = �rqrDr(1� 
(1 + x))�T
m

+ �pqpDp(1� �)T (14)

|=yq=m |OwHwt K]U \UwDt '2 pmW x@ ẁHQ =@ R}v w xOW xDio \@=wQ x@ xHwD =@
'CU=yv;x@ \w@ Qt |=yQ=OwtvQ} R CL=Ut pO=at xm |DWoR=@ w |O}rwD '|O}rwDR=@

%OwW|t xDWwv u}vJ

IR;m = 1
2DrT

2 �2

m
(
(�x2 � x� 1) + 1) (15)

Ip;n = 1
2Dp

(1� �)2

n
T 2(�(�y2 � y � 1) + 1) (16)

Iu =1
2DrT

2[
�
2

m
(1� 
�rqr) + (1� 
)2�2�rqr

m

+ (m� 1)�2

m
(1� �rqr) + 2�rqr (1� 
)�(1� �)

m
]

+ 1
2DpT

2[�pqp(1� �)2] (17)

xm |DWoR=@ w |O}rwD '|O}rwDR=@ |=yq=m |=yQ=OwtvQ} R CL=Ut |x@U=Lt |xwLv
=@ "CU= xOW xOQw; 3 pmW w CUw}B QO CU=yu; |OwHwt K]U \UwDt pO=at
|Q=Oxov |xv} Ry '17-15 \@=wQ QO xOW x@U=Lt |OwHwt K]U \UwDt x@ xHwD
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qk=

`iO
wO}

rwDR=
@'O}

rwDp
Ot%OwW|t u=}@ u}vJ sDU}U pm |=yxv} Ry u}=Q@=v@

C(T; n;m; qr; qp) = S
T

+ TDr r
2 + TDp p

2
+CrlDr(1� �) + CplDp�

+(�(1� qr)�rDr + (1� �)(1� qp)�pDp)Cw
+(�Dr)Cr + ((1� �)Dp)Cp + (�xDr)CRr

+((1� �)yDp)CRp + (��rDr)pr

+((1� �)�pDp)pp + ((1� �)Dp)Cn (29)

|xv}y@ Q=Okt 'jwi `@=D R= uDiQo jDWt =@ 'CU= ?OLt T x@ C@Uv jwi `@=D uwJ
"O};|t CUO x@ T

T � =

s
2S

Dr r +Dp p
(30)

%s} Q=O xv} Ry `@=D QO T � |Q=Po}=H =@

C(n;m; qr; qp) =
p2S(Dr r +Dp p) + CrlDr(1� �)

+CplDp�+ (�(1�qr)�rDr + (1��)(1�qp)�pDp)Cw
+(�Dr)Cr + ((1� �)Dp)Cp + (�xDr)CRr

+((1� �)yDp)CRp + (��rDr)pr

+((1� �)�pDp)pp + ((1� �)Dp)Cn (31)

%x@ OwW|t p}O@D 31 |x]@=Q R= |[=} Q |R} Qxt=vQ@ |xr�Ut u}=Q@=v@

C = Minimize C(n;m; T; qr; qp) (32�1)

Subject to :

n;m � 1; are integers (32�2)

qpmin � qp � 1 (32�3)

0 � qr � 1 (32�4)

�32-4� w �32-3� |=yC}OwOLt QO |k]vt u}}=B OL l} |R=UpOt u}= QO
O}OH |=yq=m 'CU= xOW xO=O u=Wv 1 pmW QO xm u=vJ "CU= xOW xDiQo Q_vQO
Q_vQO =Q pw= Cr=L "OvUQ|t VwQi x@ swO w pw= |=yQ=R=@ QO ?}DQD x@ |O}rwDR=@ w
xOW hQYt |=yq=m Cr=L u}= QO &CU= qr = 0 w qp > 0 u; QO xm O} Q}o@
swO Cr=L p=L "OwW|t |Qw;`tH (�rqr = 0)�pqp MQv =@ pw= Q=R=@ R= \ki
|=yq=m Cr=L u}= QO "CU= qr > 0 w qp = 0 u; QO xm O} Q}o@ Q_v QO =Q
Cr=L s} wW|t Qw;O=} "OwW|t |Qw;`tH (�pqp = 0)�rqr MQv =@ xOW hQYt
|=yq=m |=[=kD R= xDU@xkrL u=} QH l} |DWoR=@ u=} QH xm =QJ 'CU}v |vOW 2
Oy=wN QiY x@ |v=tR w OQ=O |}xOvy=m w OwOLt u}t-=D C}iQ_ xm CU= |O}rwDR=@
|=yq=m \UwD O}=@ swO Q=R=@ u}=Q@=v@ "(0 < �r < 1 w lim

t!1�
t
pDr) O}UQ

Ov=wD|tv RoQy qpmin xH}DvQO &OwW x}PeD R}v pw= Q=R=@ R= xOW |Qw;`tH |O}rwDR=@
" (qp � qpmin) OW=@ QiY =@ Q@=Q@

u}=Q@=v@ "s} wW|t xH=wt xDiQ CUO R= VwQi Ow@tm =@ w OwQ|t u}@ R= (Tp) O}OH
%=@ CU= Q@=Q@ T |v=tR |xQwO l} QO xDiQ CUO R= VwQi |xv} Ry pm

CrlDrTp + CplDpTR = CrlDr(1� �)T + CplDp�T (28)

sDU}U pm |xv} Ry �G
%OwW|t x@U=Lt u}vJ sDU}U pm |xv} Ry
%u=tR OL=w QO |R=Ov= x=Q pm |xv} Ry ��

S
T

= mSr + nSp
T

%u=tR OL=w QO |Q=Oxov pm |xv} Ry ��
TDr

 r
2 + TDp

 p
2

�CU= xOW xO=O 26 w 25 |xrO=at QO  p w  1�
%u=tR OL=w QO Ow@tm |=yxv} Ry ��

1
T

(CrlDr(1� �)T + CplDp�T )

'Ovvm|tv xOQw;Q@ =QC}i}m K]U u} QDsm xm |}=yq=m %u=tR OL=w QO `iO |xv} Ry ��
"OvwW|t `iO

1
T

((1� qr)�rDr�T + (1� qp)�pDp(1� �)T )Cw

|=yq=m |=[=kD pO=at O}rwDR=@ u=R}t x@ xHwD =@ %u=tR OL=w QO O}rwDR=@ |xv} Ry ��
%s} Q=O |O}rwDR=@

1
T

(Dr�T )Cr

|=yq=m |=[=kD pO=at O}rwD u=R}t x@ xHwD =@ %u=tR OL=w QO O}rwD |xv} Ry ��
%s} Q=O O}OH

1
T

(Dp(1� �)T )Cp

O}rwD |xR=Ov=x@ x}rw= O=wt O} QN |xv} Ry pt=W %u=tR OL=w QO O} QN |xv} Ry ��
u}vJ w CU= |O}rwDR=@ |=yq=m pO=at |DWoR=@ |=yq=m O} QN w O}OH |=yq=m

%OwW|t x@U=Lt
1
T

((�rDr�T )pr + (�pDp(1� �)T )pp + (Dp(1� �)T )Cn)

Ov=?w}at xm |O}rwD |=yq=m R= |OYQO %u=tR OL=w QO O}rwD |Q=mxQ=@ wO |xv} Ry ��
%OwW|t O}rwD xQ=@ wO

1
T

(yDp(1� �)T )CRp

xm |O}rwD |=yq=m R= |OYQO %u=tR OL=w QO O}rwDR=@ |Q=mxQ=@ wO |xv} Ry ��
%OwW|t O}rwDR=@ xQ=@ wO 'Ov=?w}at

1
T

(xDr�T )CRr
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O}OH |=yq=m pw@k p@=kC}i}m K]U w O}rwDR=@ |=Q@ |DWoR=@ |O}rwDR=@ |=yq=m
"CU= O}rwDR=@ |=Q@ |DWoR=@

%s} Q=O O}rwDR=@ w O}rwD |xv}y@ Q=Okt uOQw; CUO x@ |=Q@ u}vJty
Qr� = DrT �R = DR��T � (33)

Qp� = DpT �p = Dp(1� ��)T � (34)

C}U=UL p}rLD w |OOa p=Ft "4
sD} Qwor= R= xO=iDU= =@ pL R= TB w [14w13]xOW xOQw; |OOa p=Ft wO CtUk u}= QO
u; T=U=Q@ w xDiQo Q=Qk |UQQ@ OQwt u; G}=Dv |r@k |=ypOt =@ xU}=kt w xOW KQ]t
C=}@O= C=ar=]t QFm = Ovv=ty 'C=ar=]t u}= QO xm O}vm xHwD "CU= xOW |Q}oxH}Dv
OvDUy O}OH |=yq=m |@ wNx@ xOW O}rwDR=@ |=yq=m xm CU= xOW ZQi ẁ[wt
sDU}U w CU= C}=yv|@ O}rwD MQv &(� = �r = �p) w (D = Dr = Dp)

|O}rwDR=@ w |O}rwD |=yq=m |Q=Oxov xv} Ry &
 = � = 0 OQ=O OwHw |yOVQ=iU
QiY x[=Qk sqk= `iO w O}rwDR=@ 'O}rwD |xv} Ry &hr = hp = 0 CU= u=Um}
xOW hQYt |=yq=m w x}rw= O=wt O} QN Ct}k &Cr = Cp = Cw = 0 CU=
Ov}=Qi QO |@=QN OYQO u}vJty w &Cn = pr = pp = 0 CU= QiY Q=O} QN R=
CU= sRq =yp=Ft u}= pL |=Q@ u}=Q@=v@ "x = y = 0 CU= QiY O}rwDR=@ w O}rwD
w Dp '�r '�p '
 '� 'hr 'hp 'Cr 'Cp 'Cw 'Cn 'pr 'pp 'x 'y |=yQDt=Q=B

"CU= xOW ZQi qpmin = 0 01 =yp=Ft u}= QO u}vJty "s}vm ZQi =Q Dr

pw= p=Ft "1"4
'Dr = 200 s} Q=O xDU@ xkrLu}t-=D |xQ}HvRl} |O}rwDR=@ w|O}rwD sDU}Ul} QO
'hu = 3 'hp = 12 'hr = 3 '�p = 0 667 '�r = 0 667 'Dp = 200
'Cw = 5 'Cr = 5 'Sr = 72 'Sp = 144 '� = 0 2 '
 = 0 5
'Cpl=3 'Crl = 3 'Cn = 50 'Cp = 10 'CRp = 10 'CRr = 5
R= xawtHt u}= x@ xHwD =@ "y = 0 03 w x = 0 05 'pp = 20 'pr = 15
x@ n = 1 w m = 1 'qr = 1 'qp = 1 Cr=L QO xv}y@ ?=wH '|OwQw |=yxO=O
C=}�RH "OQ=O C(m�1 ; 1; qr; qp) = 8050 44 pO=at |}xv} Ry xm O};|t CUO
G}=Dv =@ jwi G}=Dv |xU}=kt R= "CU= xOt; 2 pwOH QO sD} Qwor= R= xO=iDU= =@ pL
uDiQo Q_vQO x@ xHwD =@ xm OwW|t XNWt [25]OwHwt C=ar=]t R= 1 |OOa p=Ft
'sDU}U uOw@ |O}rwD u}vJty w """w |Q=mxQ=@ wO 'O} QN '`iO p}@k R= |}=yxv} Ry
|xar=]t QO xOt; CUO x@ xv} Ry R= QDW}@ Q=}U@ xr=kt u}= QO xOt; CUO x@ |xv} Ry
x@=Wt Cq=kt Q}=U w QwmPt xr=kt Ovv=ty 'xr=kt u}= QO u}vJty "CU= [25]xOWO=}
�`iO \ki =} O}rwDR=@ \ki� Xr=N CU=}U l} xv}y@ CU=}U ' ẁ[wt C=}@O= QO
|=yxNQJ O=OaD =t= &s} Q=Ov `iO w OQ}o|t CQwY O}rwDR=@ \ki p=Ft u}= QO "CU=
xQwO 1 'Ow@ xQwO 2 xm [25]QwmPt |xar=]t hqNQ@ 'xr=kt u}= QO xv}y@ |O}rwDR=@
Q=DiQ |UQQ@ Qw_vt x@ "CU= Q@=Q@ xr=kt wO Qy QO xv}y@ |O}rwD |=yxQwO O=OaD "CU=
'�r 'Dp 'Dr |=yQDt=Q=B x@ C@Uv C}U=UL p}rLD 'jwi |=yQDt=Q=B Q}}eD =@ pOt

"CU= xOt; 5 =D 2 |=ypwOH QO y w x 'Sr 'Sp '� '
 '�p
QO Qo}O |=yQDt=Q=B uOw@ C@=F ZQi =@ Sp w Sr |=yQDt=Q=B QO Q}}eD Q}F-=D
=D 1 |xR=@ QO Sr V}=Ri= =@ xm OyO|t u=Wv G}=Dv "CU= xOWxO=O u=Wv 3 pwOH

pL sD} Qwor= "3
'hu 'hp 'hr '�p '�r 'Dp 'Dr |OwQw |=yxO=O R= |}xawtHt |=Q@ "1 s=o
s}yO|t Q=Qk y w x 'Pp 'Pr 'Cpl 'Crl 'Cw 'Cn 'Cp 'Cr 'Sr 'Sp '� '

=@ m = 2 w m = 1 |=R=x@ =Q C(m;n; qr; qp) xv} Ry `@=D w n = 1
's}vm|t xv}y@ �"""w ?rDt 'pUm = |xOvvmpL Ovv=t� |R=Uxv}y@ Q=R@= R= xO=iDU=
w 0 < qr < 1 w |R=Uxv}tm hOy `@=D C(m;n; qr; qp) u; QO xm
"OvDUy u; s}tYD |=yQ}eDt qp w qr w 'u; |=yC}OwOLt qpmin < qp < 1
CUO x@ OW=@ m = 2 w m = 1 xm |t=ovy =Q xv} Ry `@=D Q=Okt u} QDsm

"s}vm|t C@F =Q u; x@ \w@ Qt |xv}y@ qp w qr w s} Qw;|t
"s}vm|t xU}=kt m = 2 w m = 1 |=Q@ =Q C(m;n; qr; qp) Q}O=kt "2 s=o
|=Q@ wHwCUH "Ow@ Q=QkQ@ C(1; 1; qr; qp) < C(2; 1; qr; qp) |x]@=Q Qo =
C(1; 1; qr; qp) > Qo = =t= "OwW|t C@F xv}y@ Q}O=kt w OwW|t s=tD n = 1
=D s}yO|t s=Hv= m = 3; 4; ::: |=Q@ =Q 2 w 1 s=o 'Ow@ C(2; 1; qr; qp)
C(m�1 � 1; 1; qr; qp) > C(m�1 ; 1; qr; qp) < C(m�1 + xm |}=H
|xv}y@ Q=Oktm�1 's}W=@ xDW=O |O}rwD |xNQJl} xm |t=ovy "1; 1; qr; qp)
w m�1 w C(m�1 ; 1; qr; qp) Q}O=kt s=o u}= QO "CU= O}rwDR=@ |xNQJ O=OaD

"s}vm|t C@F n = 1 |=Q@ =Q qp w qr
`@=D 'n = 2 ZQi =@ 'OW QmP 1 s=o QO xm |OwQw |=yxO=O xawtHt |=Q@ "3 s=o
xm =QJ "s}vm|t xv}y@ m = 3 w m = 1 |=R=x@ Q=@ u}= =Q C(m;n; q; qp)

Qy m;n u; QO xm |Dr=L xm OvOQm C=@F= 2010 p=U QO u=Q=mty w |v=OaUp=
[21]"CU}v xv}y@ ?=wH x=oI}y 'OvW=@ GwR wO

"s}vm|t xU}=kt m = 3 w m = 1 Q}O=kt |=Q@ =Q C(m;n; qr; qp) "4 s=o
|=Q@ wHwCUH "Ow@ Q=QkQ@ C(1; 2; qr; qp) < C(3; 2; qr; qp) |x]@=Q Qo =
C(1; 2; qr; qp) > Qo = =t= "OwW|t C@F xv}y@ Q}O=kt w OwW|t s=tD n = 2
xm|}=H =D s}yO|t s=Hv=m = 5; 7; :::|=Q@ =Q 4 w 3 s=o 'Ow@C(3; 2; qr; qp)
C(m�2�2; 2; qr; qp) > C(m�2 ; 2; qr; qp) < C(m�2 +2; 2; qr; qp)
|xNQJ O=OaD |xv}y@ Q=Okt m�2 's}W=@ xDW=O |O}rwD |xNQJ wO xm |t=ovy
|=Q@ =Q qp w qr w m�2 w C(m�2 ; 2; qr; qp) Q}O=kt s=o u}= QO "CU= O}rwDR=@

"s}vm|t C@F n = 2
xU}=kt n = 2 w n = 1 |=Q@ =Q C(m;n; qr; qp) |xv}y@ Q}O=kt "5 s=o
"Ow@ Q=QkQ@ C(m�1 ; 1; qr; qp) < C(m�2 ; 2; qr; qp) |x]@=Q Qo = "s}vm|t
Qo = =t= "CU= xv}y@ Q=Okt C(m�1 ; 1; qr; qp) w OwW|t s=tD |=Q@ wHwCUH
C(m�1 ; 1; qr; qp) x=ov; 'Ow@ C(m�1 ; 1; qr; qp) > C(m�2 ; 2; qr; qp)
TBU w s}yO|t s=Hv= n = 2 |=Q@ =Q 2 w 1 s=o w s} Q=Po|t Q=vm =Q
's}vm|t xU}=kt n = 3 w n = 2 |=Q@ =Q C(m;n; qr; qp)

OwW|t s=tD wHwCUH 'Ow@ C(m�2 ; 2; qr; qp) > C(m�3 ; 3; qr; qp) Qo =
C(m�2 ; 2; qr; qp) < Qo = =t= "CU= xv}y@ Q=Okt C(m�2 ; 2; qr; qp) w
3 s=o w s} Q=Po|t Q=vm =Q C(m�1 ; 1; qr; qp) x=ov; 'Ow@ C(m�3 ; 3; qr; qp)

"s}yO|t s=Hv= n = 4 |=Q@ =Q 4 w
%|x]@=Q xm |t=ovy "s}vm|t Q=QmD =Q 5 =D 1 |=ys=o "6 s=o

C(m�i�1; i�1; qr; qp) > C(m�i ; i; qr; qp) < C(m�i+1; i+1; qr; qp)
C(m�i ; i; qr; qp) w O@=}|t xtD=N wHwCUH 'Ow@ Q=QkQ@ i = 1; 2; 3; ::: w
Q}O=kt ?}DQDx@ =yu; x@ \w@ Qt qp w qr 'm�i 'i w hOy `@=D |xv}y@ Q=Okt
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rwDp
Ot"1 p=Ft pL C=}�RH "2 pwOH

C=L}[wD C(m;n; qr; qp) qp qr m n s=o
m�1 = 1; C(m�1 ; 1; qr; qp) = 8050 44 8050 44 1 1 1 1 1

8062 22 1 1 2 1 2
8138 73 1 1 1 2 3

m�2 = 1; C(m�2 ; 2; qr; qp) = 8112 27 8112 27 1 1 3 2 4
8131 10 1 1 4 2 5

|x]@=Q uwJ
8050 44 1 1 1 1 7'CU= Q=QkQ@ C(m�2 ; 1; qr; qp) < C(m�3 ; 2; qr; qp)

"O};|t CUO x@ Cr=L u}= QO xv}y@ ?=wH

"y w x |=yQDt=Q=B x@ C@Uv C}U=UL p}rLD "5 pwOH
C Qp Qr qp qr n m x

8020 04 55 97 112 12 1 1 1 1 0
8050 44 56 30 112 77 1 1 1 1 0 05
8080 54 56 66 113 49 1 1 1 1 0 1
8139 80 57 50 115 18 1 1 1 1 0 2
8309 59 61 21 122 61 1 1 1 1 0 5

y

8031 15 56 22 112 62 1 1 1 1 0
8063 27 56 35 112 88 1 1 1 1 0 05
8095 28 56 50 113 17 1 1 1 1 0 1
8158 93 56 82 113 82 1 1 1 1 0 2
8347 02 58 17 116 52 1 1 1 1 0 5

|xNQJ O=OaD |rw CU= qr = 1 w qp = 1 C}i}m K]U |xv}y@ CU=}U 500
m |xv}y@ Q=Okt 'Sr V}=Ri= =@ w CU= m = 10 'Sr = 1 QO xv}y@ O}rwDR=@
QDt=Q=B Sp C}U=UL p}rLD =@ u}vJty "OUQ|t 1 x@ w O@=}|t Vy=m G} QODx@
w m = 1 'qr = 1 'qp = 1 xv}y@ CU=}U 'Sp = 1 QO xm OwW|t XNWt

"CU= n = 6
qr = 1 'qp = 1 xv}y@ CU=}U '1 � Sp � 500 |xR=@ QO Sp V}=Ri= =@
Q=Okt xR=@ u}= QO "O@=}|t Vy=m 1 x@ G} QODx@ 6 R= n w Ov=t|t |k=@ m = 1 w

 |=yQDt=Q=B C}U=UL p}rLD "O@=}|t V}=Ri= G} QODx@ R}v O}rwDR=@ w O}rwD |xv}y@
ZQi =@ "CU=xOW xO=O u=Wv 4 pwOH QO Qo}O |=yQDt=Q=B uOw@ C@=F ZQi =@ � w
CUO x@ n = 1 w m = 2 'qr = 1 'qp = 1 xv}y@ Q}O=kt '
 = 0 001

 V}=Ri= =@ =t= "Ov=t|t |k=@ C@=F xv}y@ Q}O=kt u}= '0 34 =D 
 V}=Ri= =@ w O};|t
|k=@ C@=F Q=Okt u}= w O@=}|t Q}}eD 1 x@ 2 R= m xv}y@ Q=Okt '0 35 x@ 0 34 R=

"O@=}|t Vy=m R}v sDU}U |xv} Ry 
 V}=Ri= =@ xm CU= XNWt &Ov=t|t
xv}y@ CU=}U 0 < � � 0 5 |xOwOLt QO � QDt=Q=B Q}}eD =@ Qo}O hQ] R=
0 51 x@ 0 5 R= � Q}}eD =@ w CU= n = 1 w m = 1 'qr = 1 'qp = 1
XNWt "O@=}|t Q}}eD n = 1 w m = 2 'qr = 1 'qp = 1 x@ xv}y@ CU=}U
R}v sDU}U |xv} Ry w 'V}=Ri= O}rwDR=@ w O}rwD |xv}y@ O=OaD � V}=Ri= =@ xm CU=
C@=F ZQi =@ y w x |=yQDt=Q=B x@ C@Uv pOt C}U=UL p}rLD "O@=}|t Vy=m

"CU= xOW x�=Q= 5 pwOH QO Qo}O |=yQDt=Q=B uOw@

"Sp w Sr |=yQDt=Q=B x@ C@Uv C}U=UL p}rLD "3 pwOH
C Qp Qr qp qr n m Sr

7877 25 60 72 121 65 1 1 1 10 1
8020 63 67 54 135 28 1 1 1 2 50
8082 55 59 84 119 86 1 1 1 1 100
8229 59 76 04 152 31 1 1 1 1 250
8421 78 97 21 194 72 1 1 1 1 500

Sp

7797 95 40 18 80 49 1 1 6 1 1
7923 48 42 31 84 75 1 1 1 1 50
7995 43 50 24 100 63 1 1 1 1 100
8057 49 57 08 114 33 1 1 1 1 150
8150 91 85 82 171 91 1 1 1 2 250
8321 19 109 7 219 78 1 1 1 2 500

"� w 
 |=yQDt=Q=B x@ C@Uv C}U=UL p}rLD "4 pwOH
C Qp Qr qp qr n m 


8132 77 64 65 129 50 1 1 1 2 0 001
8116 05 66 52 133 25 1 1 1 2 0 125
8085 84 70 20 140 62 1 1 1 2 0 34
8084 07 52 82 105 81 1 1 1 1 0 35
8050 44 56 30 112 77 1 1 1 1 0 5
7988 83 64 02 128 23 1 1 1 1 0 75
7954 61 69 29 138 80 1 1 1 1 0 875

�

8073 02 53 92 108 00 1 1 1 1 0 001
8059 06 55 36 110 90 1 1 1 1 0 125
8044 38 56 95 114 07 1 1 1 1 0 25
8014 38 60 57 121 33 1 1 1 1 0 5
8013 06 80 99 162 23 1 1 1 2 0 51
7971 17 88 85 177 97 1 1 1 2 0 75
7947 65 93 97 188 23 1 1 1 2 0 875
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Ovyt 390 R= Dp Q}}eD =@ "CU= C@=F Dp = 390 =D w Ovm|t Q}}eD n = 1 w m = 1

w O@=}|t Q}}eD n = 1 w m = 2 'qr = 1 'qp = 1 x@ xv}y@ CU=}U 391 x@
'O}rwD |xv}y@ O=OaD Dp V}=Ri= =@ u}vJty "Ov=t|t |k=@ C@=F CU=}U u}ty QO

"O@=}|t V}=Ri= sDU}U |xv} Ry w O}rwDR=@
QO �r Q}}eD =@ xm OwW|t XNWt �r Q}}eD x@ C@Uv pOt Q=DiQ |UQQ@ =@
n = 1 wm = 1 'qr = 1 'qp = 1 |xv}y@ CU=}U �r � 0 667 |xOwOLt
|O=YDk= O}rwD Q=Okt w V}=Ri= |O=YDk= O}rwDR=@ Q=Okt u}vJty "Ov=t|t |k=@ C@=F

"O@=}|t Vy=m sDU}U pm |xv} Ry w
'qp = 1 xv}y@ CU=}U 'OwW|t XNWt �p QDt=Q=B C}U=UL p}rLD =@
x@ ,=H} QOD xv}y@ CU=}U �p V}=Ri= =@ w CU= n = 7 w m = 1 'qr = 1
Q=Okt �p V}=Ri= =@ u}vJty "OUQ|t m = 1 w n = 1 'qr = 1 'qp = 1
Vy=m sDU}U pm |xv} Ry w |O=YDk= O}rwD Q=Okt w V}=Ri= |O=YDk= O}rwDR=@

"O@=}|t

swO p=Ft "2"4
%s}vm|t ZQi xDU@xkrL u}t-=D |xQ}HvR l} QO [14]j@=]t

'hp = 85 'hr = 80 '�p = 0 2 '�r = 0 2 'Dp = 100 'Dr = 1000
'Cr = 60 'Sr = 440 'Sp = 360 '� = 0 5 '
 = 0 8 'hu = 80
'Cn = 150 'Cp = 100 'CRp = 100 'CRr = 60 'Cw = 30
"y = 0 1 'x = 0 07 'pp = 80 'pr = 70 'Cpl = 50 'Crl = 50
w m = 1 'qr = 0 'qp = 0 01 xm ODi=|t j=iD= |t=ovy xv}y@ CU=}U
Q=Okt '80219 88 pO=at sDU}U pm |xv} Ry Cr=L u}= QO xm OW=@ n = 17
hqNQ@ "CU= 1 48 |O=YDk= O}rwDR=@ Q=Okt w 79964 79 pO=at |O=YDk= O}rwD
p=Ft u}= QO 'Ow@ |DWoR=@ |=yq=m |t=tD O}rwDR=@ xv}y@ CU=}U u; QO xm pw= p=Ft
|Qw;`tH O}rwDR=@ |=Q@ swO Q=R=@ R= |iQYt |=yq=m xm CU= u}= xv}y@ CU=}U
|Qw;`tH O}rwDR=@ |=Q@ pw= Q=R=@ R= umtt Q=Okt u} QDsm =yvD w (qr = 0) OwWv
|=yq=m |t=tD xm OW|t O=yvW}B 1 p=Ft QO xm |r=L QO "(qp = 0 01) OwW

"Ovm |Qw;`tH O}rwDR=@ |=Q@ =Q Q=R=@ wO Qy R= |iQYt

|Q}oxH}Dv "5
u}= Q@ ZQi 'CU= xOW x�=Q= uwvm =D xm xDU@xkrL u}t-=D |xQ}HvR |=ypOt QFm = QO
=yu; C}i}m w CU= xOW O}rwD O}OH sqk= |@ wNx@ |O}rwDR=@ sqk= pm xm xOw@
|D}i}m QO |O}rwDR=@ sqk= w CU}v xvwou}= C}ak=w QO xm |DQwY QO "CU= Q@=Q@
h=uUL w [24]|v=OaUp= w Q@=H "OvwW|t x[Qa Q=R=@ x@ xOW O}rwD sqk= R= QDu}}=B
C}i}m uOw@ Cw=iDt ZQi =@ =Q xr=@ R `iO w O}rwDR=@ 'O}rwD pOt l} [25]u=Q=mty w
Ow@tm O=H}=?@U =yu; ZQi "OvO=O\U@ O}OH |=yq=mC}i}m =@ |O}rwDR=@ |=yq=m
|xar=]t Q=DWwv u}= QO "OW|t O}rwDR=@ w O}rwD |=yxQwO QO xDiQ CUO R= VwQi
QO =@ w |O}rwD \}Lt l} QO 'Ow@ |yOVQ=iU pOt l} xm [24]u=Q=mty w Q@=H
u}vJty w ?w}at sqk= |Q=mxQ=@ wO 'O}rwDR=@ w O}rwD Ov}=Qi u}L QO |@=QN uDiQoQ_v
hQYt sqk= O} QN w x}rw= O=wt O} QN '`iO 'O}rwDR=@ 'O}rwD |=yxv} Ry uDiQoQ_vQO
l} xv}y@ ?=wH uOQw; CUO x@ |=Q@ xr=kt u}= QO "CU= xDi=} \U@ |DWoR=@ |xOW
?=NDv= ẁ[wt C=}@O= R= |OOa p=Ft wO TBU w CU= xOW |iQat pL sD} Qwor=
hrDNt |=yQDt=Q=B x@ C@Uv pOt Q=DiQ |UQQ@ Qw_vtx@ =yp=Ft u}= R= |m} w OvOW

CU=}U '0 < x; y � 0 5 |xR=@ QO y w x Q}}eD =@ OwW|t xOy=Wt xm u=vJ
Q=Okt 'y w x V}=Ri= =@ w "CU= n = 1 w m = 1 'qr = 1 'qp = 1 'xv}y@
=@ R}v sDU}U pm |xv} Ry u}vJty "O@=}|t V}=Ri= ,=H} QOD O}rwDR=@ w O}rwD |xv}y@

"O@=}|t V}=Ri= O}rwDR=@ =} O}rwD Ov}=Qi |@=QN OYQO V}=Ri=
C@=F ZQi =@ �p w �r 'Dp 'Dr |=yQDt=Q=B x@ C@Uv C}U=UL p}rLD
|xR=@ QO Dr Q}}eD =@ "CU= xOW xO=O u=Wv 6 pwOH QO =yQDt=Q=B Qo}O uOw@
CU= n = 1 w m = 1 'qr = 1 'qp = 1 xv}y@ CU=}U '50 � Dr � 102
w m = 2 'qr = 1 'qp = 1 x@ xv}y@ CU=}U 0 51 x@ 0 5 R= � Q}}eD =@ w
O}rwDR=@ w O}rwD |xv}y@ O=OaDDr V}=Ri= =@ xm CU= XNWt &O@=}|t Q}}eD n = 1

"O@=}|t Vy=m sDU}U |xv} Ry R}v w 'V}=Ri=
CU=}U 1 < Dp � 390 |xOwOLt QO Dp QDt=Q=B Q}}eD =@ Qo}O hQ] R=
m = 1 'qr = 0 'qp = 0 01 CQwYx@ 1 < Dp � 30 |xR=@ QO =OD@= xv}y@
'qr = 1 'qp = 1 x@ CU=}U 32 x@ 31 R= Dp Q}}eD =@ w CU= n = 15 w

"�
p

w �
r

'D
p

'D
r

|=yQDt=Q=B x@ C@Uv C}U=UL p}rLD "6 pwOH
C Qp Qr qp qr n m Dr

3115 93 50 42 101 00 1 1 1 2 50
5141 18 47 31 94 76 1 1 1 2 102
5176 16 47 31 94 76 1 1 1 1 103
9230 56 58 73 117 64 1 1 1 1 250
13404 65 24 130 68 1 1 1 1 500

18080 77 69 43 139 06 1 1 1 1 1000
Dp

1541 15 261 0 1 74 0 01 0 15 1 10
3286 82 459 6 3 06 0 01 0 15 1 31
3374 24 28 17 56 44 1 1 1 1 32
4342 71 43 15 68 41 1 1 1 1 50
6137 10 44 84 89 81 1 1 1 1 100
7259 12 51 47 103 11 1 1 1 1 150
8658 81 59 61 119 41 1 1 1 1 250
10538 53 92 86 186 01 1 1 1 2 500
12744 29 104 0 208 33 1 1 1 2 1000

�r

10465 07 81 82 55 12 1 1 1 1 0 01
9677 83 75 68 72 11 1 1 1 1 0 3
8051 98 56 13 112 43 1 1 1 1 0 667

�p

13206 05 544 7 16 35 1 1 7 1 0 01
11598 15 155 7 46 76 1 1 2 1 0 1
9613 35 76 81 69 19 1 1 1 1 0 3
8051 98 56 13 112 43 1 1 1 1 0 667
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