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pOt l} 'OwW OQw;Q@ CU= Q=Qk xm |Q}eDt |Q=t; `} RwD T=U=Q@ u; QO xm 'CU=
pY=L Q_vOQwt |HwQN =D OwW|t =QH= O=} R C=aiO x@ TBU w x}yD |[=} Q

[19]"OwW
OwW|t QHvt|}xrY=i OQw;Q@l} x@ xmv}= x@ xHwD =@ wrQ=mCvwt |R=Ux}@W VwQ
'OQ=Ov G=}DL= =yVwQ Q}=U x@ C@Uv |O=} R |=yxO=O x@ xmv}= p}rO x@ u}vJty w
uOQw;CUOx@ |=Q@ u; R= u}vJty w xDiQo Q=Qk xO=iDU= OQwt =yVwQ Q}=U R= V}@

[21w20]"CU= xOW xO=iDU= xSwQB lU} Q
xm |Dr=L QO =yxv} Ry OQw;Q@ Q[=L VywSB QO 'CU= xOW xDio xm Qw]u=ty
OQmrta `@=D |=yxir-wt |va} "CU= xOW K} QWD 'OvW=@ sy R= pkDUt xv} Ry QY=va
Qo}Om} R= pkDUt �s=w |xQy@ |xv} Ry w 'sQwD |xv} Ry 'CN=U |x}=B |xv} Ry�

"OvDUy
QDlJwm |xv} Ry QYva OvJ x@ =yxv} Ry pm 'xSwQBl} |xv} Ry OQw;Q@EL@t QO
OQw;Q@ QY=va R= s=Om Qy Q=Okt 'wrQ=mCvwt |R=Ux}@W VwQ ltm x@ w xOW s}UkD

%O};|t CUOx@ xv} Ry pm R= |OQw;Q@ '5 |x]@=Q j@=]t =yv; `}tHD =@ w xOW

Ctot =
nX
i=1

Ci (5)

ẁv wO x@ R=}v '5 |x]@=Q uDiQoQ_vQO =@ w wrQ=mCvwt |R=Ux}@W VwQ p=ta= |=Q@
|OwQw w xv} Ry QY=va R= s=Om Qy |Q=t; `} RwD 'pw= |OwQw "OwW|t T=UL= |OwQw

"CU= xv} Ry QY=va u=}t |oDU@=w u=R}t 'swO
xO=iDU= 'pw= VwQ %OQ=O OwHw VwQ wO '|OwQw |xO=O wO Qy ẁv u}}aD |=Q@
uOw@OwHwt CQwY QO u=U=vWQ=m C=Q_v R= xO=iDU= '|Qo}O w xDWPo |=yxO=O R=
|U} wvxt=vQ@ Q=Ri=sQv R= xO=iDU= =@ u=wD|t |DL=Q x@ Q}eDt l} |xDWPo |=yxO=O
xm |DQwY QO "OQw; CUOx@ =Q u; |=yQDt=Q=B Q=Okt w Q}eDt `} RwD 'MATLAB

|=v@t Q@ u; |=yQDt=Q=B w `} RwD u}}aD 'OW=@v OwHwt Q}eDt l} |xDWPo |=yxO=O
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xv}R

yO
Qw;Q@

|=Q@
|O

=yvW
}Bp

Ot|
x�=Q=Q@=Q@ CN=U |xQwO pw] QO (Aj) CN=U |xvq=U |x}=B |xv} Ry OYQO �?

"CU= xOW ZQi
p=Ft wO Qy |=Q@ s=w |xQy@ w sQwD |=yQ}eDt |xDWPo |=yxO=O xmv}= p}rO x@
Q}eDt `} RwD ẁv '=yu; s=QowDU}y Q=Owtv R= xO=iDU= =@ u=wD|tv 'CU}v TQDUO QO
=]N 'OQ=wt u}= QO s=QowDU}y Q=Owtv R= xO=iDU= |DQ=@a x@ "OQm XNWt =Q |iO=YD

"OQ=O
Q}=U R= |}xv} Ry |=yxO=O |=Q@ p=tQv nwr `} RwD 'CU= xOW xDio xm Qw]u=ty
p=tQv nwr s=w |xQy@ w sQwD |=yQ}eDt ẁv ?}DQD u}O@ "OQ=O |QDW}@ VR=Q@ =y`} RwD

"OwW|t xDiQo Q_v QO
CN=U pw] QO s=w |xQy@ w sQwD |=yQ}eDt C=aq]= uOw@ Q=}DN= QO x@ xHwD =@
|x]@=Q R= xO=iDU= =@ Q=}ath=QLv= w 'u}ov=}t 'Cw=iDt |=yp=U QO xvwtv |xSwQB wO
4 w 3 |=ypwOH QO Q}eDt wO u}= |oOvm =QB ?} Q[ w `@=D ẁv x@ R=}v uwO@ w x}=B

"CU= xOW x@U=Lt
|=yQ}eDt O}rwD |=Q@ &CU= p=tQv nwr 'OwHwt |=yQ}eDt ẁv xmv}= x@ xHwD =@
Q=}at h=QLv= w u}ov=}t x@ R=}v 'wrQ=mCvwt |R=Ux}@W VwQ R= xO=iDU= =@ |iO=YD

"CU= 6 w 5 |=ypwOH j@=]t QwmPt |=yQ}eDt X=N
CQ=@a x@ "OQm p=@vO =Q pL=Qt u}= O}=@ p=tQv nwr |iO=YD |=yQ}eDt O}rwD |=Q@
xDiQo Q_v QO |xSwQB wO s=w |xQy@ w sQwD |xv} Ry |=yQ}eDt R= s=Om Qy |=Q@ 'Qo}O

"OwW|t s=Hv= |R=Ux}@W 'xOW
Qy 'Qw_vt u}O@ "OwW O}rwD �1 w 0 u}@ |iO=YD O=Oa=� Ui 'sRq O=OaD x@ O}=@ "1
u}= QO "OwW|t QDW}@ G}=Dv CkO 'OW=@ QDW}@ |R=Ux}@W VwQ QO =yxO=O xJ

"CU= xOW O}rwD |iO=YD OOa 999 |R=Ux}@W
"OwW|t s=Hv= Ui O=OaD x@ �OQ=Ov=DU= |iO=YD Q}eDt� Zi O}rwD "2

%OvwW|t O}rwD 6 |x]@=Q j@=]t |iO=YD |=yQ}eDt "3
xi = e(�ln(x)+zi�ln(x)) (6)

"sQwD |xv} Ry C=YNWt "3 pwOH
?} Q[ h=QLv= u}ov=}t =yxO=O xSwQB s=v|oOvm =QB Q=}at
0 891 2 211 2 4795 1 495; 0; 5 095; x=owQ}v3 328

0 816 0 1805 0 221
0 111; 0 145; 0 133;

u=QyD � OyWt Q=]k0 236; 0 172; 0;
0 461; 0 528

"s=w |xQy@ |xv} Ry C=YNWt "4 pwOH
?} Q[ h=QLv= u}ov=}t =yxO=O xSwQB s=v|oOvm =QB Q=}at
0 395 2 340 5 913 8 793; 5 383; 3 141; x=owQ}v6 335

0 228 0 0905 0 397
0 315; 0 304; 0 345;

u=QyD � OyWt Q=]k0 374; 0 445; 0 391;
0 421; 0 587

QO |O=YDk= C=@F sOa w |r=t \}=QW x@ xHwD =@ xm OQm u=}@ CQwY u}O@ =Q VwQ
VN@ |=yCmQW u=Q}Ot |Q}os}tYD QO QDW}@ Q]=N Vt=Q; ?@U VwQ u}= 'QwWm
R= x}rw= |r=t OQw;Q@ CUmW p=tDL= uOQw;CUOx@ |DQ=@a x@ "OwW|t |YwYN
nQR@ |=yxSwQB |r=t pt=wa |x@U=Lt QO O}OH |}xO}= u=wvax@ 'Q=Pox}=tQU |wU
2 R= '|O=yvW}B VwQ |}=Q=m u=R}t |UQQ@ CyH "CU= xOW x�=Q= Q[=L Q=DWwv QO

"CU= xOW xO=iDU= Q[=L VywSB QO |OOa p=Ft
CyH u; QO xm [24]'CU= x}mQD QO |y=owQ}v |xSwQB l} x@ \w@ Qt 'pw= p=Ft

%CU= xOW xO=iDU= C=}[Qi u}= R= C=@U=Lt uOWxO=U
CN=U|xQwO|=yp=U|xty QO (�K) xvq=U|xOW|v}@V}B sQwD |=yMQv �hr=

"CU= xOW xDiQo Q_v QO QiY 'g Q=Okt w u=Um}
xOW Q_vhQY (rD) =ys=w |xQy@ pO=at MQv |x@U=Lt C=}�RH uOQw; R= �?

"CU=
ZQi Q@=Q@CN=U |xQwO pw] QO (Aj)CN=U |xvq=U |x}=B |xv} Ry OYQO �G
1 pwOH QO MATLAB Q=Ri=sQv QO |R=UpOt R= pY=L G}=Dv "CU= xOW

"CU= xOW x�=Q=
R= u; C=aq]= xm 'CU= u=QyD � OyWt |kQ@ Q=]k |xSwQB x@ \w@ Qt 'swO p=Ft
QO =Q |}=yv G}=Dv u=wD|t "CU= xOW xDiQo u=Q}= |tqU= |QwytH uy;x=Q CmQW
xOW xO=iDU= ZQi |O=OaD R= 'C=@U=Lt uOWxO=U CyH "OQm xOy=Wt 2 pwOH

%CU=
CN=U|xQwO|=yp=U|xty QO (�K) xvq=U|xOW|v}@V}B sQwD |=yMQv �hr=

"CU= xOW xDiQo Q_v QO QiY 'g Q=Okt w xOw@v u=Um}
"|y=owQ}v |xSwQB (TCC) CN=U pm |xv} Ry "1 pwOH

xv} Ry |x}=B |xv} Ry |xv} Ry OYQO |xQwOCN=U pm s=w |xQy@ sQwD CN=U |xvq=U |xvq=U |x}=B CN=U
(TCC) (IDC) (EDC) (Aj) (Aj) CN=U

166 135
5 383 0 33 14 25 0

Q=Ry
8 793 1 495 33 14 25 1

QqO
6 335 3 328 33 14 25 2
3 143 5 95 33 14 25 3
23 652 9 918 132 565 100 pm `tH

"|kQ@ Q=]k |xSwQB (TCC) CN=U pm |xv} Ry "2 pwOH
xv} Ry |x}=B |xv} Ry |xv} Ry OYQO |xQwOCN=U pm s=w |xQy@ sQwD CN=U |xvq=U |xvq=U |x}=B CN=U

(TCC) (IDC) (EDC) (Aj) (Aj) CN=U

24 95

0 421 0 2 5 12 5 0

OQ=}r}t

0 587 0 461 2 5 12 5 1

QqO

0 445 0 528 2 5 12 5 2
0 391 0 236 2 5 12 5 3
0 345 0 172 2 5 12 5 4
0 374 0 145 2 5 12 5 5
0 315 0 133 2 5 12 5 6
0 304 0 111 2 5 12 5 7
3 182 1 768 20 100 pm `tH
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sQwD w s=w |xQy@ CN=U |xQwO R= xOW`tH |iO=YD Q}O=kt R= xvwtv GvB "4 pmW
"u=QyD � OyWt Q=]k \N |xSwQB

sQwD w s=w |xQy@ CN=U |xQwO R= xOW`tH |iO=YD Q}O=kt R= xvwtv GvB "5 pmW
"x}mQD x=owQ}v \N |xSwQB

xOWO}rwD |=yQ}eDt O}=@ 'xSwQB Qy |=Q@ s=w |xQy@ w sQwD |xv} Ry Q=Okt |x@U=Lt
"OvwW `tH Qo}Om} =@ |iO=YD Qw] x@ Q_vOQwt |xSwQB CN=U u=tR R= p=U Qy |=Q@
OOa 999 O=OaD 'p=U Qy |xOWO}rwD |=yQ}eDt uOQm`tH =@ u=}=B QO u}=Q@=v@
O=H}= xvwtv |xSwQB Qy |=Q@ s=w |xQy@ w sQwD |xv} Ry |=yQ}eDt R= xOW|R=Ux}@W
CN=U |xQwO R= xOW`tH |iO=YD Q}O=kt R= xvwtv GvB '5 w 4 |=ypmW "OwW|t

"CU= xOW xO=O V}=tv xvwtv |xSwQB 2
u}J\N w s=w |xQy@ |xOvyOV}=tv pt=m \N '5 w 4 |=ypmW j@=]t
|iO=YD Q}O=kt u}ov=}t 'Q=Owtv |Owta QwLt "CU= xSwQB QO sQwD |xOvyOV}=tv
=Q |iO=YD |xvwtv |xQ=tW '|ki= QwLt w xSwQB CN=U |xQwO pw] |xOW`tH

"OyO|t V}=tv
s=w |xQy@ w sQwD |xv} Ry |iO=YD |=yQ}eDt R= Q_vOQwt O=OaD x@ Q[=L p=L QO
'OQmrta `@=D R= xO=iDU= =@ xrLQt u}= QO "CU= xOW O}rwD xvwtv |xSwQB wO Qy |=Q@
5 'CU= O=} R |r}N |=y|R=Ux}@W O=OaD uwJ "OwW|t O}rwD CN=U pm |xv} Ry

"CU= xOW xO=O V}=tv 7 pwOH QO =yv; R= xvwtv
|=y|R=Ux}@W |q=@CkO p}rO x@ xmCi=} QO u=wD|t 7 pwOH G}=Dv x@ xHwD =@
CN=U pm |xv} Ry Q=Okt x@ xSwQB wO |iO=YD |=yxO=O s=tD u}ov=}t 'xOWs=Hv=
=@ xrLQt u}= QO "CU= l}ORv 'CU= xOW OQw;Q@ CN=U R= p@k xm (TCC) xSwQB
xSwQB Qy QO CUmW p=tDL= u=wD|t '�7 |x]@=Q� lU} Q |xv} Ry `@=D R= xO=iDU=

"sQwD |xv} Ry p=tQv nwr |iO=YD Q}eDt C=YNWt "5 pwOH
u=QyD � OyWt Q=]k |xSwQB |y=owQ}v |xSwQB
Q=}at h=QLv= u}ov=}t Q=}at h=QLv= u}ov=}t

0 714 �1 764 0 763 0 616

"s=w |xQy@ |xv} Ry p=tQv nwr |iO=YD Q}eDt C=YNWt "6 pwOH
u=QyD � OyWt Q=]k |xSwQB |y=owQ}v |xSwQB
Q=}at h=QLv= u}ov=}t Q=}at h=QLv= u}ov=}t

0 244 �0 949 0 379 1 705

� OyWt Q=]k \N |xSwQB sQwD w s=w |xQy@ |iO=YD Q}O=kt u}ov=}t "2 pmW
"u=QyD

"x}mQD x=owQ}v |xSwQB sQwD w s=w |xQy@ |iO=YD Q}O=kt u}ov=}t "3 pmW

s=w |xQy@ w sQwD |xv} Ry `@=wD |=Q@ xOWO}rwD |iO=YD |=yQ}eDt xm CU= QmP p@=k
w 3996 x}mQD QwWm QO x=owQ}v |xSwQB |=Q@ '|DQ=@a x@ "CU= p=U 1 COt |=Q@

"CU= xOW s=Hv= |R=Ux}@W OOa 7992 u=QyD � OyWt Q=]k \N |xSwQB |=Q@
|xQwO R= p=U Qy s=w |xQy@ w sQwD |=yxO=O u}ov=}t '3 w 2 |=ypmW QO

"CU= xOW xO=O V}=tv xvwtv |xSwQB wO CN=U
'u}J\N w s=w |xQy@ |xOvyOV}=tv pt=m \N '3 w 2 |=ypmW x@ xHwD =@
|iO=YD Q}O=kt u}ov=}t 'Q=Owtv |Owta QwLt "CU= xSwQB QO sQwD |xOvyOV}=tv
xHwD =@ 'CU= XNWt xm Qw] u=ty "OyO|t V}=tv =Q CN=U p=U |ki= QwLt w

"CU= lOv= |r}N xv=}r=U |iO=YD Q}O=kt C=Q}}eD '|R=Ux}@W |q=@ CkO x@
|=Q@ 'CU= p=U 1 R= QDW}@ xvwtv |xSwQB wO CN=U u=tR xmv}= Cra x@
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Ot|
x�=Q=|QDtm CUmW p=tDL= =@ xSwQB 'CN=U |xQwO pw] QO QDq=@ |O=YDk= C=@F =@ xm

"CU= wQx@ wQ

|Q}oxH}Dv "5
|=yxSwQB C}kiwt QO QF-wt pt=wa R= |m} '|r=t p}rLD w lU} Q |xv} Ry OQw;Q@
xm |QwWm GQ=N R= =yxSwQB xvwou}= QO |Q=Pox}=tQU QDW}@ "CU= R=}Dt= |Q=Po =w
|}xv} Ry hqDN=|vat x@lU} Q |xv} Ry u}=Q@=v@ "OwW|t s=Hv= 'CU= xSwQB u=@ R}t
u}= "OQ}o|t pmW |O=yvW}B |x}rw= dr@t =@ xSwQB |xOWs=tD dr@t u=}t xm CU=
|=vat x@ |ivt =} |O=yvW}B |x}rw= dr@t R= QDtm =} C@Ft Ov=wD|t lU} Q |xv} Ry
u}= QO u}W}B C=ar=]t R= xOt;CUOx@ G}=Dv "OW=@ x}rw= dr@t Q@ xi=[= |xv} Ry
xOw@ |R=}Dt= |=yO=OQ=Qk QO OwHwt |=ylU} Q R= |rm |i} QaD Qou=}@ \ki 'xv}tR
|}=v@ Q} R |=yxSwQB x@ |YwYN VN@ OwQw QO =yv; |Q=PoQF= x@ |:tm CQwYx@ w

"CU= xOWv xQ=W=
QUm =@ xm 'OwW|t h} QaD lU} Q |xv} Ry s=v =@ |a@=D |O=yvW}B VwQ QO
xDiQo pmW xSwQB Qy |xOW|R=Ux}@W Q}O=kt R= CN=U R= p@k |xOWOQw;Q@ |xv} Ry
"OQm u}}aD xSwQB Qy |=Q@ =Q CUmW p=tDL= u=wD|t QwmPt `@=D R= xO=iDU= =@ "CU=
R= 'CUmW p=tDL= swyit QDy@ lQO |=Q@ Q[=L VywSB QO xm CU= QmP x@ sRq
R= |awvDt G}=Dv "CU= xOW xO=iDU= QDy@ |xU}=kt s=Hv= CyH |OOa p=Ft wO

%OQm xQ=W= =yu; x@ xt=O= QO u=wD|t xm 'CU= xOW pY=L Q[=L VywSB
CUmW p=tDL= u}}aD w |r=t pt=a l} CQwYx@ lU} Q |xv} Ry |x@U=Lt "1

"CkO u} QDW}@ w xv} Ry u} QDtm =@ u=Q=Pox}=tQU \UwD x}rw= OQw;Q@
'|HvUu=mt= C=ar=]t s=Hv= R=TB |R=}Dt= |=yxSwQB |O=YDk= w|r=t|@=} RQ= "2

"u; R= TB |O=OQ=Qk C=Qm =Pt w xYk=vt s=Hv= u}L QO
s=Hv= =@ |YwYNVN@ |Q=Pox}=tQU |=yC}a]k sOa |x_Lqt p@=kVy=m "3
|YwYN VN@ |Q=Pox}=tQU ?PH w xSwQB pm |xv} Ry R= K}LY u}tND l}

"QwWm |}=v@ Q} R |=yxSwQB QO

"xSwQB Qy QO |iO=YD OQmrta `@=D Q}O=kt R= |}xvwtv "7 pwOH
x}mQD x=owQ}v xSwQB u=QyD � OyWt Q=]k |xSwQB

(TCC) OQmrta `@=D (TCC) OQmrta `@=D
24 5078 165 5422
26 0632 161 8668
25 1500 180 8418
24 6233 159 0542
24 9868 170 1791

|iO=YD |=yxO=O s=tD u}ov=}t
24 9593 166 314

%OQm u}}aD =Q
R = A�B (7)

|=yQ}eDt B &CN=U R= p@k |xOWOQw;Q@ |xv} Ry A &lU} Q |xv} Ry R 'u; QO xm
"CU= xOW O}rwD |R=Ux}@W

|xv} Ry R= |iO=YD Q}eDt 999 O}rwD =@ |OOa p=Ft wO Qy QO CUmW p=tDL=
� OyWt Q=]k w x}mQD x=owQ}v |=ySwQB |=Q@ u=wD|t xm 'CU= xOW x@U=LtCN=U pm

%OQm xOy=Wt 9 w 8 \@=wQ QO ?}DQD x@ u=QyD
�P = all R < 0

n
= 474

999 = 0 474� 100 = �47 4 (8)

�P = all R < 0
n

= 524
999 = 0 524� 100 = �52 4 (9)

�47 44 x}mQD |y=owQ}v |xSwQB CUmW p=tDL= OwW|t x_Lqt xm Qw] u=ty
w |ivt lU} Q |xv} Ry xm OQ=O OwHw p=tDL= �47 44 |va} 'CU= xOW x@U=Lt
sOa Cra x@ xm CU= |r=L QO u}= "OwW x}rw= OQw;Q@ R= QDW}@ CN=U pm |xv} Ry
� OyWt Q=]k |xSwQB CUmW p=tDL= 'CN=U |xQwO pw] QO u=Q}= QO sQwD C=@F
Ci=} QO u=wD|t |OOa p=Ft wO G}=Dv |xU}=kt =@ '|DQ=@a x@ "CU= �52 4 u=QyD
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