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w pkDUt |=ypOt |=Q@ 3 w 1 \@=wQ QO xm |rwtat |]N sD} Q=or |twta pOt

%CQwYx@ OW u=}@ `=@W=
log �ij = X� (5)

w CU= pOt |=yQDt=Q=B R}v � w CU= |rQDvm |=yQ}eDt T} QD=t X u; QO xm CU=
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QY=va Q}=U w X=N |OOa u; |rY= Q]k |wQ QY=va xmCU= |a@ QtT} QD=t
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Q=t}D Qy QO Qo}O CQ=@ax@ "OQ}o Q=Qk |UQQ@ OQwt Q=t}D Qy QO j=@]v= OwHw =D OwW
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|=Q@ x}rw= Q=Okt l} 22=]N C=a@ Qt pk=OL VwQ R= xO=iDU= =@ =} 'CiQo Q_v

"OQm x@U=Lt QDt=Q=B Q=yJ R= l} Qy
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Q}O=kt =yvD 'C=W}=tR; Q}=U |=Q@ xm CU= |r=L QO u}= "OwW|t xOQw; |Q=_Dv=
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'|v}tND |=yQDt=Q=B Q}O=kt |r=wDt Q=QmD 85 s=Hv= R= TB w MATLAB Q=Ri=sQv QO
?}DQDx@ xm xOW x@U=Lt pw= V}=tR; KQ] |=Q@ s-=wD Cq=tDL= w |Q=_Dv= C=Oy=Wt
Q=QmD QO G}=Dv u} QDy@ xm CU= QmP x@ sRq "CU= xOW xOQw; 8 w 7 '6 pw=OH QO

"CU= xOW pY=L 35
s-=wD Cq=tDL= u=wD|t |rQDvm Q}eDt x@ O}OH Q=Okt l} uO=O =@ TB u}= R=
u=}@ R}v QDV}B xm u=vJ "OQm x@U=Lt =Q xDU@=w MU=B |=yQ}eDt R= CiHQy ẁkw
|xr�Ut QO umtt Cr=L Q=yJ |=Q@ s-=wD Cq=tDL= R= l} Qy |x@U=Lt |=Q@ 'OW
l} Qy Q}O=kt "OwW x@U=Lt s-=wD |Q=_Dv= O}t= Q=Okt Q=yJ O}=@ 'xDU@=w |xNU=B wO
u=Wv 7 pwOH QO pw= V}=tR; KQ] Q=t}D Ciy |=Q@ |Q=_Dv= O}t= Cr=L Q=yJ R=

"CU= xOW xO=O
26C@=F QDt=Q=B u=ty 'pw= Q]U |v}tND |=yQDt=Q=B Q}O=kt xm CU= QmP x@ sRq
|rQDvm |=yQ}eDt ?}=Q[ 'R}v sHvB =D wO Q]U R= Q}O=kt Q}=U w xOw@ |vw}UQoQ pOt

"pw= V}=tR; KQ] MU=B w |rQDvm |=yQ}eDt Q}O=kt "3 pwOH
Q=t}D |rQDvm |=yQ}eDt MU=B |=yQ}eDt

X1 X2 X3 X4 X5 Y 1 Y 2
1 1 2 1 2 5 1 0
2 4 4 1 5 3 1 1
3 3 1 2 3 1 0 0
4 1 2 1 2 5 1 1
5 2 1 4 1 2 1 0
6 2 1 3 2 4 0 1
7 3 4 3 5 1 0 1

QO xOt; CUO x@ |=yj=@]v= O=OaD QFm =OL R= QDW}@ xr�Ut |=yj=@]v= O=OaD
CUO x@ ?}=Q[ w xOW hkwDt sD} Qwor= |=QH= x=ov; 'OW=@v p@k |=yQ=QmD

"CU= x�=Q= p@=k xOt;
T} QD=t w |Q=_Dv= O}t= Q=Okt QO =yj=@]v= u=R}t =@ 10 w 9 \@=wQ \=@DQ=
|=yQDt=Q=B w |OQi Cq=tDL= Q}O=kt R= xO=iDU= =@ Q}O=kt u}= xm CU= Tv=} Q=w |Q]k
s}kDUt \=@DQ= QO R}v =yQDt=Q=B OwN xm |Qw]x@ 'OwW|t x@U=Lt Q=QmD Qy QO |v}tND
=@ |}=yv |v}tND |=yQDt=Q=B =Pr "OvwW|t xOR u}tND �xDU@=w� MU=B |=yQ}eDt =@
QDW}@|}=vW; |=Q@ "OwW|t s=ovyx@ p@k=t |xrLQtTv=} Q=w w O}t= Q}O=kt R= xO=iDU=
1 pmW QO |O=yvW}B VwQ CQ=Jwri '|Q=mD@= VwQ QO QDt=Q=B u}tND |xwLv =@
QO u=wD|t =Q [16]u=Q=mty w x} VwQ =@ |O=yvW}B VwQ Cw=iD "CU= xOW xO=O u=Wv
O=OaD |R=Uxv}W}@ u=ty xmCUv=O sD} Qwor= hOy `@=D 'xDU@=w MU=B |=yQ}eDt OwHw
sD} Qwor= CQ=Jwri |x�=Q= R= TB "CU= |}=tvCUQO uOQmxv}W}@ |=Hx@ =yj=@]v=
=@ xU}=kt QO |O=yvW}B VwQ uOw@ ?U=vt '|OOa |=yp=Ft ut[ QO '|Q=mD@=
u}vJty xr=kt u}= QO "CU= xOW xO=O u=Wv MU=B |=yQ}eDt u}@ pqkDU= Cr=L
u}@ |}xU}=kt 'OwHwt |=yVwQ x@ C@Uv |O=yvW}B VwQ |QDQ@ uO=Ou=Wv |=Q@
w x} VwQ w |Q=mD@= VwQ QO pOt |=yj=@]v= O=OaD w xv}W}@ |}=tvCUQO Q}O=kt
xO=iDU= =@ pOt |=yQDt=Q=B u}tND R= TB xm CQwYu}O@ &OW Oy=wN s=Hv= u=Q=mty
xU}=kt VwQ wO R= pY=L |}=tvCUQO xv}W}@ Q}O=kt 'OwHwt w |Q=mD@= VwQ wO R=
|QDQ@ uO=O u=Wv |=Q@ TBU 'OwW XNWt |O=yvW}B VwQ |DUQO =D OvwW|t

"|Q=mD@= VwQ |=ys=o CQ=Jwri "1 pmW
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|Q}
W@|

Oyt
wO=

Qu=Q
t=m

=[Q "swO V}=tR; KQ] MU=B w |rQDvm |=yQ}eDt Q}O=kt "4 pwOH
Q=t}D |rQDvm |=yQ}eDt MU=B |=yQ}eDt

X1 X2 X3 X4 X5 X6 X7 Y 1 Y 2
1 2 5 1 3 2 1 4 0 1
2 3 5 1 2 4 3 2 1 0
3 3 1 2 4 1 2 3 0 1
4 4 2 3 2 5 1 2 1 1
5 2 3 4 1 2 5 3 1 0
6 2 5 3 2 4 3 1 1 0
7 3 4 3 5 1 2 2 1 1
8 4 2 3 5 2 1 3 1 1
9 3 3 2 1 4 2 5 0 1
10 2 3 4 3 2 1 5 1 0

"swU V}=tR; KQ] MU=B w |rQDvm |=yQ}eDt Q}O=kt "5 pwOH

Q=t}D |rQDvm |=yQ}eDt MU=B |=yQ}eDt
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Y 1 Y 2

1 3 4 5 3 3 4 2 1 2 5 0 1
2 2 5 2 1 2 5 2 3 2 4 1 0
3 4 3 5 4 1 2 3 4 3 2 0 1
4 5 2 1 2 5 2 2 1 5 3 1 1
5 3 4 2 5 2 1 2 2 4 3 1 0
6 2 5 4 2 1 3 2 5 2 1 1 0
7 3 4 3 4 2 3 2 5 2 1 1 1
8 5 2 3 4 2 4 3 1 3 5 1 0
9 2 4 5 3 2 3 5 3 1 4 0 1
10 3 4 4 2 3 5 5 1 2 4 1 1
11 1 4 3 5 4 3 1 3 5 2 1 0
12 3 1 4 5 4 2 2 4 2 3 1 1
13 1 5 3 5 2 4 3 4 2 1 0 0
14 4 3 5 3 4 2 5 1 4 3 1 0
15 5 3 1 4 3 1 2 3 5 2 0 1

"35 Q=QmD QO pw= V}=tR; KQ] QO |Q=_Dv= C=Oy=Wt Q}O=kt "7 pwOH
Q=t}D �11 �00 �10 �01
1 0 9886 0 3369 1 0002 0 6327
2 0 5335 1 1 0002 2 0995
3 0 0 0 2 41 � e007
4  9886 0 3369 1 0002 0 6327
5  9884 0 0007 1 0003 0
6 0 0290  9975 0 2 2623
7 0  9947 0 2 9174

"35 Q=QmD QO pw= V}=tR; KQ] |Q=mD@= VwQ |v}tND |=yQDt=Q=B Q}O=kt "6 pwOH
�11 �00 � e003 �10 �01

�28 2721 �3 1611 �53 0037 7 1557
13 0192 0 1324 16 7202 �8 4136
9 3836 0 6449 21 5677 �17 8895
�0 7268 0 4474 1 6181 �4 1595
�15 6740 �0 3078 �25 4431 20 6618
5 7098 0 3812 8 4833 �0 1170
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D

Q=Ri=sQv R= xO=iDU= =@ |rQDvm Q}eDt GvB w MU=B Q}eDt wO |=Q@ 'pqkDU= Cr=L QO
"CU= xOW xO=O u=Wv 9 pwOH QO Minitab

R= xk@]Qy |=Q@ |OQi Cq=tDL= Q}O=kt 12 |x]@=Q R= xO=iDU= =@ u=wD|t p=L
10 pwOH KQW x@ pY=L G}=Dv xm 'OQm x@U=Lt xv=o =OH Qw]x@ =Q MU=B Q}eDt wO

"CU=
pqkDU= ZQi =@ MU=B |=yQ}eDt s-=wD w |OQi Cq=tDL= Q}O=kt 10 pwOH QO

"CU= Cr=L u}= QO j=@]v= 2 O=OaD Qou=}@ w xOW x�=Q= =yu;
|=yQ}eDt xm |Dr=L |=Q@ =Q s-=wD w |OQi Cq=tDL= Q}O=kt u=wD|t u}vJty
Y 1 = 1 |=Hx@ pw= Q=t}D |=Q@ ,qFt� OvW=@ xDW=O Q=Qk Qo}O |Ov@xk@] QO MU=B
'Q=m u}= R= hOy "OQm x@U=Lt �Y 2 = 1 w Y 1 = 0 O}yO Q=Qk Y 2 = 0 w
"CU= pqkDU= Cr=L QO MU=B |=yQ}eDt |=Q@ |Ov@xk@] u} QDy@ u}}aD C}=yv QO

"CU= xOW x�=Q= 11 pwOH QO Cr=L u}= QO s-=wD w |OQi Cq=tDL= Q}O=kt
s-=wD w |OQi Cq=tDL= Q}O=kt 10 pwOH QO xm CU= u; 11 w 10 pw=OH Cw=iD
|r=L QO 'CU= xOW x@U=Lt 3 pwOH |=yxO=O R= xO=iDU= =@ MU=B |=yQ}eDt |=Q@
pw= Q]U QO ,qFt "OyO|t u=Wv =Q s-=wD Cq=tDL= R= Cr=L Q=yJ Qy 11 pwOH xm
Q=yJ |t=tD 11 pwOH pw= Q]U QO =t= 'xOW x@U=Lt �10 Q=Okt =yvD 10 pwOH
Cr=L wO QO s-=wD Cq=tDL= |x@U=Lt p}rO "OW x@U=Lt s-=wD Cq=tDL= R= Q=Okt
u}@ |oDU@=w Cr=L QO xOt; CUO x@ Cq=tDL= Q}O=kt =@ xU}=kt `k=w QO 'swO w pw=
11 pwOH R= xm u=vJ "s} R=OQB|t u; |UQQ@ x@ xt=O= QO xm CU= MU=B |=yQ}eDt
O=} R j=@]v= O=OaD OwHw sOa "CU= 2 Q@=Q@ swO Cr=L QO j=@]v= O=OaD 'O};|tQ@
|rQDvm |=yQ}eDt u}@ ?U=vD sOa |xOvyOu=Wv '=yQ}eDt u}@ pqkDU= Cr=L QO
pqkDU= Cr=L QO V}=tR; KQ] Qo}O CQ=@ax@ &CU= xOW u}}aD V}=tR; MU=B w
|k}@]D |xU}=kt =@ Qo}O hQ] R= "CU= Q=OQwNQ@ xDUw}B ?U=vD R= =yxO=O u}@
QO =yMU=B R= l} Qy ẁkw Cq=tDL= uOw@ QDW}@ '8 pwOH =@ 11 w 10 pw=OH
|=yQDt=Q=B Q}O=kt xt=O= QO "OwW|t u=}=tv xDU@=w Cr=L QO x]w@ Qt |=y|Ov@xk@]
x�=Q= MU=B |=yQ}eDt u}@ pqkDU= w |oDU@=w Cr=L QO s-=wD Cq=tDL= w |v}tND
|=Q@ |O=yvW}B VwQ |DUQO uO=O u=Wv 'QDW}@ |=yp=Ft uOQw; p}rO "OW Oy=wN
�QDW}@ |rQDvm |=yQ}eDt w Q=t}D O=OaD =@ Qo}O CQ=@ax@� QDnQR@ |=yxR=Ov= =@ |r�=Ut
QO ?}DQDx@ swO V}=tR; KQ] s-=wD Cq=tDL= w |v}tND |=yQDt=Q=B Q}O=kt "CU=

"CU= xOt; 13 w 12 pw=OH
|Q=mD@= VwQ R= xO=iDU= =@ |v}tND |=yQDt=Q=B Q}O=kt 'OwW|t x_Lqt xm u=vJ
KQ] |=Q@ |v}tND |=yQDt=Q=B Q}O=kt u}vJty "CU= xOW j=@]v= Ciy ẁkw x@ QHvt
|=yQDt=Q=B Q}O=kt R= xO=iDU= =@ "CU= xOW xO=O u=Wv 14 pwOH QO swU V}=tR;
15 pwOH QO xm OQm x@U=LtV}=tR; KQ] u}= |=Q@ =Q s-=wD Cq=tDL= u=wD|t '|v}tND

"CU= xOW xOQw;
|=yQDt=Q=B R= xO=iDU= =@ j=@]v= 10 O=OaD 'O};|tQ@ 15 pwOH R= xm u=vJ
=@� VwQ wO R= pY=L G}=Dv xt=O= QO "CU= xOW pY=L |Q=mD@= VwQ |v}tND
16 pwOH QO xOW u=}@ V}=tR; KQ] xU QO �=yu; uOw@ pkDUt w |oDU@=w ZQi

"CU= xDiQo Q=Qk |UQQ@ w xU}=kt OQwt 2 pmW QO TBU w xOW x�=Q=
Cr=L x@C@Uv |O=yvW}B |Q=mD@= VwQ |QDQ@ K[=w Qw]x@ 2 pmW x@ xHwD =@
uWwQ 'VwQ wO G}=Dv |xU}=kt =@ "CU= XNWt 'MU=B |=yQ}eDt u}@ pqkDU=
KQ] x@ V}=tR; KQ] Qy |=Q@ |Q=mD@= VwQ QO =yj=@]v= O=OaD V}=Ri= u=R}t xm CU=
pqkDU= Cr=L QO j=@]v= u}ty V}=Ri= u=R}t R= QDW}@ 'QDnQR@ xR=Ov= =@ V}=tR;
5 R= =yj=@]v= O=OaD '15 x@ 7 R= =yQ=t}D O=OaD V}=Ri= =@ xm |Qw]x@ 'CU=yQ}eDt

"CU= xDi=} Q}}eD 4 x@ 2 R= O=OaD u}= swO Cr=L QO =t= 'xO}UQ 10 x@

Q=QmD QO pw= V}=tR; KQ] QO xDU@=w MU=B Q}eDt wO |=Q@ s-=wD Cq=tDL= "8 pwOH
"35

Q=t}D �11 �00 �10 �01 j=@]v= C}a[w
1 0 3342 0 1139 0 3381 0 2139 C

2 0 1152 0 2158  2159 0 4531 D

3 0 0 0 1 D

4 0 3342 0 1139  3381 0 2139 C

5 0 4969 0 0004 0 5028 0 C

6 0 0088 0 3033 0 0 6879 C

7 0 0 2540 0 0 7460 C

j=@]v= sOa %D j=@]v= %C

sD} Q=or pOt |=yQDt=Q=B Qou=}@ �11 uwDU QO OwHwt Q}O=kt ,qFt "CU= sHvB =D pw=
CtU Q=Okt Q=yJ R= l} Qy 'Qo}O CQ=@ax@ "Ow@ Oy=wN ln�11 |va} pw= |]N
Q=Oktl} R= |]N `@=D pt=W '5 |x]@=Q CQwYx@ |]N sD} Q=or |twta pOtAJ
R= u}=Q@=v@ "CU= 6 pwOH QO xOW xO=O u=Wv ?}=Q[ =@ |rQDvm |=yQ}eDt w C@=F
|vw}UQoQ |x]@=Q "s}vm|t xO=iDU= |v}@V}B |xrO=at uDWwv |=Q@ =yQDt=Q=B u}ty

"CU= xOW xO=O u=Wv 11 |x]@=Q CQwYx@ pw= V}=tR; KQ] |=Q@
ln �11 = �28 2721 + 13 0192X1 + 9 3836X2

�0 7268X3 � 15 6740X4 + 5 7098X5

ln �00 = �3161 1 + 132 4X1 + 644 9X2

+447 4X3 � 307 8X4 + 381 2X5

ln �10 = �53 0037 + 167202X1 + 21 5677X2

+1 6181X3 � 25 4431X4 + 8 4833X5

ln �01 = 7 1557� 8 4136X1 � 17 8895X2

�4 1595X3 + 20 6618X4 � 0 1170X5 (11)

8 pwOH QO xm s-=wD Cq=tDL= Q}O=kt|DUQO |x@U=Lt |=Q@ 7 pwOH QO OwHwt Q}O=kt
|v}tND |=yQDt=Q=B Q}O=kt 'OwW|t xOy=Wt 8 pwOH QO xm u=vJ "OwQ|t Q=mx@ 'xOt;

"CU= xOW Q_v OQwt V}=tR; KQ] QO j=@]v= 5 ?Hwt 35 Q=QmD QO
CU= K[=w '8 pwOH Q]U u}rw= QO Cq=tDL= Q=Okt x@ xHwD =@ xvwtv |=Q@
3 pwOH QO x}rw= |=yxO=O x@ xHwD =@ w xOw@ �10 x@ \w@ Qt p=tDL= u} QDW}@ xm

"CU= xO=O MQ j=@]v= OQwt u}= QO =Pr w xOw@ CUQO =yMU=B Q}O=kt |v}@V}B
=@ =Q �=yj=@]v= O=OaD� pY=L |xH}Dv u=wD|t 'VwQ |}=Q=m uO=Ou=Wv |=Q@
=yQDt=Q=B Q}O=kt u=wD|t Qw_vtu}O@ "OQm xU}=kt MU=B |=yQ}eDt u}@ pqkDU= Cr=L
�pkDUt� |OQi Cq=tDL= Q}O=kt TBU w OR u}tND pkDUt Qw]x@ MU=B Qy |=Q@ =Q
Cq=tDL= |x@U=Lt |=Q@ "OQm x@U=Lt l}DUHr uw}UQoQ pOt R= xO=iDU= =@ =Q

[25]"�|Qv}=@ l}DUHr uw}UQoQ pOt� OQm xO=iDU= 12 |x]@=Q R= O}=@ |OQi
�i = exp(Xi�)

1 + exp(Xi�)
(12)

s-=wD Cq=tDL= Q}O=kt 'Q}eDt wO R= QDW}@ =} wO pqkDU= Cr=L QO xm CU= QmP x@ sRq
|v}tND |=yQDt=Q=B Q}O=kt "Ow@ Oy=wN |OQi Cq=tDL= lDlD ?Q[pY=L Q@=Q@
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|Q}
W@|

Oyt
wO=

Qu=Q
t=m

=[Q "pkDUt MU=B Q}eDt wO R= l} Qy |=Q@ |v}tND |=yQDt=Q=B "9 pwOH
C@=F �1 �2 �3 �4 �5

(Y 1) 59 405 20 967 37 634 �15 053 �48 925 �4 301
(Y 2) �131 98 �1 614 �7 795 15 859 25 16 667

"swO V}=tR; KQ] QO xDU@=w MU=B Q}eDt wO |=Q@ s-=wD Cq=tDL= "13 pwOH
Q=t}D �11 �00 �10 �01 j=@]v= C}a[w
1 0 0224 0 4323 0 0237 0 5216 C

2 0 1861 0 0697 0 675 0 0693 C

3 0 0192 0 4133 0 0179 0 5495 C

4 0 0819 0 1093 0 6538 0 155 D

5 0 1051 0 0079 0 8792 0 0078 C

6 0 0351 0 0002 0 9646 0 002 C

7 0 0251 0 0128 0 9467 0 0153 D

8 0 073 0 0783 0 7554 0 0933 D

9 0 144 0 3817 0 0776 0 3966 C

10 0 1761 0 0388 0 7469 0 0383 C

"swU V}=tR; KQ] |Q=mD@= VwQ QO |v}tND |=yQDt=Q=B Q}O=kt "14 pwOH

�11 �00 �10 �01
12 1579 5 3276 804 8277 5 291
�0 928 2 4903 �29 5076 2 5118
�1 2337 0 7511 �45 6718 0 7574
�0 1919 �0 0755 �9 1909 �0 0755
�0 5824 �0 7539 �32 0104 �0 76
�0 5617 0 7056 �19 1051 0 7108
0 1362 �1 3911 �9 374 �1 3996
�0 0773 �0 3307 �17 5324 �0 3007
�0 4909 �0 2982 �40 4405 �0 295
0 2884 �3 164 �17 3382 �3 182
�0 4288 �0 5545 �37 9580 �0 5512

pqkDU= w |Q=mD@= VwQ wO QO V}=tR; KQ] xU |=yj=@]v= O=OaD xU}=kt "2 pmW
"=yQ}eDt

QO MU=B |=yQ}eDt uOw@ pkDUt ZQi =@ s-=wD w |OQi Cq=tDL= Q}O=kt "10 pwOH
"pw= V}=tR; KQ]

Q=t}D Y 1 Y 2 �1 �2 �1 ��2 j=@]v= C}a[w
1 1 0 0 9999 0 50 0 4999 C

2 1 1 1 0 1 0 1 0 C

3 0 0 0 0 0 D

4 1 1 1 0 0 0 D

5 1 0 1 0 0 0 D

6 0 1 0 1 0 0 D

7 0 1 0 1 0 0 D

MU=B |=yQ}eDt uOw@ pkDUt ZQi =@ swO Cr=L s-=wD Cq=tDL= Q}O=kt "11 pwOH
"pw= V}=tR; KQ] QO

Q=t}D �11 �00 �10 �01 j=@]v= C}a[w
1 0 5 0 0 5 0 C

2 1 0 0 0 C

3 1 0 0 0 D

4 0 0 1 0 D

5 1 0 0 0 D

6 1 0 0 0 D

7 1 0 0 0 D

KQ] MU=B |=yQ}eDt u}@ |oDU@=w Cr=L QO |v}tND |=yQDt=Q=B Q}O=kt "12 pwOH
"swO V}=tR;

�11 �00 �10 �01
�13 1399 7 5977 �16 6354 9 5632

0 717 3 3183 1 3878 3 5784
0 615 0 5945 1 2685 0 6126
1 1074 �0 1407 2 1881 �0 1448
0 6707 �2 5305 0 7804 �2 842
0 6537 �2 7281 0 4984 �3 0322
0 5566 �1 6922 0 514 �1 9236
0 1951 �0 5642 �0 3396 �0 7168
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D"OwHwt w |Q=mD@= VwQ wO QO s-=wD |}=tv CUQO QFm =OL Q}O=kt "17 pwOH

VwQ l} Qy T=U=Q@ s-=wD |}=tv CUQO QFm =OL Q}O=kt
|v}tND|=yQDt=Q=B R= xDUO Q=yJ R=

pw= p=Ft �11 �00 �10 �01
|Q=mD@= �34 0236 �13 5017 �44 01 �27 6652
OwHwt �34 0101 �13 04 �43 2376 �27 1446

swO p=Ft �11 �00 �10 �01
|Q=mD@= �15 305 �18 5029 �9 8964 �17 7483
OwHwt �15 2431 �18:378 �9 099 �16 1722

swU p=Ft �11 �00 �10 �01
|Q=mD@= �21 4454 �36 2513 �36 3044 �36 4176
OwHwt �20 3311 �36 002 �36 018 �36 081

"OwHwt w |Q=mD@= VwQ wO R= pY=L |=yj=@]v= Q}O=kt "18 pwOH

VwQ
pw= KQ] swO KQ] swU KQ]

j=@]v= sOa j=@]v= sOa j=@]v= sOa
j=@]v= j=@]v= j=@]v=

|O=yvW}B 5 2 7 3 10 5
OwHwt 4 3 6 4 9 6

QDt=Q=B u}tND xm CU= xOW XNWt =yu; |xU}=kt w QwmPt VwQ wO QO
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Abstract
Regression coe�cient estimation of multiple responses is
an important problem which has been previously stud-
ied. In this paper, a heuristic algorithm has been pro-
posed to estimate regression coe�cients of the relation-
ship between control and correlated binary response vari-
ables. In this paper, a log-linear model has been used for
analyzing experiments with more than one categorical
response variable. The considered model in this study
is called the saturated log-linear model, because the re-
sponses (2 responses) of this research are cross corre-
lated. To estimate the parameters of the logistic regres-
sion model for dependent responses, a heuristic iterative
nonlinear method is used to maximize the number of
concordance.
The proposed heuristic approach is a development of
the parameter estimation method (Yeh et al. 2009) that
is presented for the univariate binary logistic regression
model, which is then applied to estimate the parameters
of the log-linear model.
The proposed approach uses the concept of concordance.
Concordance means that the joint probability of the oc-
currence of dependent responses in each treatment is
more than other probabilities in the same treatment. Al-
though much research has been undertaken on issues of
single and multiple continuous responses and single cat-
egorical response problems, this study presents a new

approach for simultaneous estimation of the parameters
of the log-linear model with correlated categorical re-
sponses. Hence, it can be useful in real experimental
cases. To indicate the e�ciency of the heuristic method,
the proposed approach has been compared to existing
approaches in some hypothetical examples with simu-
lated data and di�erent sizes (seven, ten and �fteen
treatments). Thus, initially, the parameter values of de-
pendent responses were estimated, and then, the model
parameters for each response variable were calculated
separately. After estimating parameters, the joint prob-
ability values were obtained for both cases of dependent
and independent response problems.
It should be noted that joint probability values, in the
case of independence between variables, are equal to the
product of the individual probabilities of two indepen-
dent responses.
Because the number of concordance in the proposed heuris-
tic method is greater than in the second case (indepen-
dence between variables), the proposed heuristic method
represents a good performance compared to the esti-
mated coe�cients of individual variables, on the basis
of concordance measurement. Also, the proposed ap-
proach has been analyzed for a real case study from the
literature, and with the existing method of (Yeh et al.
2009), and analyses show the e�ciency of the proposed
approach.
Key Words: Multi response surfaces, log-linear model,
logistic regression, parameter estimation, number of con-
cordance.
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