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Q}@mQ}t= |DavY x=oWv=O '=} QO |UOvyt |xOmWv=O

"CU= Q=wWO u; Q=DiQ |v}@V}B |=Q@ |rOt |x�=Q= 'Ovtv=wD uD@ |xO}J}B Q=DN=U p}rO x@
w ?; Q=Okt x@ \ki 'Ovtv=wD uD@ AtqU= Q=Okt xm Ov=xO=O u=Wv ,qkDUt |D=ar=]t ,qFt

<=RH= Q}=U Q}F-=D CLD u; Q=Okt xmr@ 'OQ=Ov |oDU@ xv=OCWQO Kr=Yt |xR=Ov= u} QDW}@
|awvYt |@Ya |=yxm@W OQmrta 'Q[=L VywSB QO "CUy R}v uD@ |xOvyOp}mWD

QO sOk x@ sOk w u=tRsy |xv=oOvJ |]N uw}UQoQ w wrH x@ wQ |Q=W@; w wrH x@ wQ |x}PeD
|=yxO=O "CU= xOW |UQQ@ Ovtv=wD uD@ |xRwQ 28 |Q=Wi Ctw=kt w AtqU= |R=UpOt

=}vQi}r=m x=oWv=O OQ=Ov=DU= |=yxO=O `HQt R= Q[=L VywSB QO xO=iDU= OQwt V}=tR;
|oDU@ty ?} Q[ w C=a@ Qt u}ov=}t QPH |UQQ@ w VywSB G}=Dv "CU= xOW G=QNDU=

CkO =@ CU= xDUv=wD wrH x@ wQ |Q=W@; |awvYt |@Ya |xm@W pOt xm CU= xO=O u=Wv
"Ovm |R=UpOt Qo}O |=yVwQ x@ C@Uv =Q xRwQ 28 |Q=Wi Ctw=kt w AtqU= |QDy@
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|xm@W 'xRwQ 28 |Q=Wi Ctw=kt 'AtqU= V}=tR; 'Ovtv=wD uD@ %|O}rm u=oS=w
"xv=oOvJ |]N uw}UQoQ '|awvYt |@Ya

xtOkt "1
|=Q@ |}xv=}=Q u} wv |=ysD} Qwor= w =ypOt R= xO=iDU= 'Q}N= |=yp=U QO "CU= Q=QkQ@
|=yQ=R@= R= |m} "CU= xOW G}=Q |yHwD p@=k Qw] x@ Kr=Yt Q=DiQ |R=UpOt
QO "CU= |awvYt |@Ya |=yxm@W R= xO=iDU= 'uD@ Q=DiQ |R=UpOt |=Q@ ?U=vt
xO=iDU= uD@ Q=DiQ |R=UpOt |=Q@ QwmPt Q=R@= R= u=QoWywSB R= |NQ@ 'Q}N= |=yp=U

[9�4]"Ov=xOQm
=@ Ovv=wD|t |@Ya |=yxm@W xm CU= xOW u=wva '2001 p=U QO |WywSB QO
[10]"Ovvm |v}@V}B =Q sm =QDtOwN uD@ l}miD uwtR; G}=Dv w uD@ |v=wQ '|@ wN CkO
xO=O xaUwD uD@ |}=Q=m |v}@V}B |=Q@ �2003� |@Ya |xm@W pOt OvJ u}vJty
|OwQw QDt=Q=B 5 R= xO=iDU= =@ u=QoWywSB 2006 p=U QO u}vJty [11]"CU= xOW
uD@ AtqU= w Ctw=kt |v}@V}B |=Q@ =Q |@Ya |xm@W pOt 'uD@ X=wN R=
QO uD@ |xOvyOp}mWD <=RH= QF= u=}@ |=Q@ |@Ya |=yxm@W R= R}v w [12]'O=H}=

[13]"Ov=xOQm xO=iDU= AtqU=
Q=Okt '|vw}UQoQ w |awvYt |@Ya |xm@W |=ypOt R= xO=iDU= =@ u}vJty
|v}@V}B uD@ |xOvyOp}mWD O=wt |y=oW}=tR; |=yxO=O R= xO=iDU= =@ uD@ AtqU=
CU= xOW xO=O u=Wv 2008 p=U QO xOW s=Hv= |=yuwtR; R= xO=iDU= =@ w xOW
=@ w OvQ=O uD@ Q=DiQ uOQm pOt |=Q@ |QDq=@ |}=v=wD '|awvYt |@Ya |=yxm@W xm
|wQ uD@ |xOvyOp}mWD <=RH= R= l} Qy QF= 'C}U=UL p}rLD uwtR; R= xO=iDU=
x@ |v=tR AtqU= xm CU= xOW XNWt u; R= xO=iDU= =@ w |UQQ@ AtqU= Q=Okt

xO=iDU= |yHwD p@=k Qw] x@ Q}N= |=yp=U QO xm uD@ `=wv= u} QDsyt R= |m}
xm OwW|t xDio |vD@ x@ Ovtv=wD uD@ "CU= 1�HPC� Ovtv=wD uD@ 'CU= xOW
Ov=wD@ w OW=@ xDW=O |rwtat uD@ x@ C@Uv Q_vOQwt OQ@ Q=m |=Q@ |QDy@ OQmrta
uwvm =D "Ovm ^iL |Q=OQ@xQy@ \}=QW QO xR=U O}it Qta |=Q@ =Q OwN X=wN
Q@ O}m -=D =yu; |xty T=U= =t= 'CU= xOW x�=Q= Ovtv=wD uD@ R= |OOaDt h} Q=aD
Ctw=kt '?U=vt |}=Q=m 'q=@ |Q=O}=B 'q=@ s=wO 'q=@ Ctw=kt %Q}_v |D=YNWt
?wr]t |}=QH= C}r@=k w |oOR=wy w \}Lt 'VD; uwJ |rt=wa Q@=Q@ QO ?wN

[3�1]"CU=
u; QOhrDNt O=wt R= xO=iDU= x@ xHwD =@ Ovtv=wDuD@ \wrNt Q=DiQpt=m |R=UpOt
'?; 'OvrDQB u=t}U� uD@ |rY= <=RH= Q@ xwqa xm |t=ovy xS} wx@ Qt= u}= "CU= xO}J}B
|xQ=@ QU w xOvvmu=wQ jwi '|O=@ QDUm =N pFt� |vOwRi= O=wt R= �xv=OCWQO w xv=OR} Q
?U=vt |=yVwQ R= |m} "OwW|t QDxO}J}B 'OwW xO=iDU= R}v �|R=Oouy; |xQwm
C=}YwYN R= |y=oW}=tR; |=yxO=O |Qw;`tH 'Kr=Yt Q=DiQ |R=UpOt |=Q@
u=wD|t 'OW=@ QDW}@ w QDpt=m xOW |Qw;`tH |=yxO=O |xawtHt xJ Qy "CU=yv;
R= xOW |Qw;OQo |=yxO=O |xawtHt "OQm |R=UpOt |QDy@ CkO =@ =Q Kr=Yt Q=DiQ
|]NQ}e |x]@=Q l} =yQ}eDt u}@ w OvDUy xQ}eDtOvJ ,qwtat Kr=Yt C=}YwYN

pw�Ut xOvU} wv �
"1394 12 22 VQ}PB '1394 9 30 x}LqY= '1394 1 31 Ci=} QO %M} Q=D

Ovtv=wD uD@ |Q=Wi Ctw=kt w AtqU= |R=UpOt
|awvYt |@Ya |xm@W R= xO=iDU= =@

xv=oOvJ |]N uw}UQoQ w



xar=]t OQwt |=yxO=O xawtHt "1"2
x=oWv=O OQ=Ov=DU= |=yxO=O `HQt R= Q[=L VywSB QO xO=iDU= OQwt |=yxO=O
"Ov=xOW G=QNDU= [19]'UCI Machine Learning Repository |va} =}vQi}r=m
uD@ |wQ AtqU= V}=tR; R= xO=iDU= =@ |UQQ@ OQwt |=yxO=O |xawtHt Q}O=kt
CQ=@a |OwQw |=yQ}eDt "Ov=xOw@ |HwQN Q}eDt 3 w |OwQw Q}eDt 7 pt=W Ovtv=wD
QDUm =N 'u=t}U %pt=W kg=m3 ?UL Q@ uD@ |xOvyO p}mWD Kr=Yt Q}O=kt R=
w &xv=OCWQO w xv=OR} Q 'xOvvmu=wQ jwi '?; '|R=Oouy; |xQwm |xQ=@ QU '|O=@
uD@ |xRwQ 28 |Q=Wi Ctw=kt w �cm� AtqU= R= CQ=@a |HwQN |=yQ}eDt
uD@ `=iDQ= u} QDq=@ R= ?r=k `=iDQ= p[=iD |x@U=Lt =@ AtqU= "Ov=xOw@ �MPa�
28 uD@ |xvwtv uO=OQ=Qk R= xO=iDU= =@ |Q=Wi Ctw=kt w ?r=k uDW=OQ@ R= TB
|=Q@ hrDNt ?}mQD 103 R= =yxO=O O}rwD |=Q@ "Ov=xOt; CUOx@ x=oDUO QO xRwQ
xOW x�=Q= =yu; C=}�RH 2 w 1 |=ypwOH QO xm CU= xOW xO=iDU= \wrNt x}yD

[20]"CU=

OQwt |=yxO=O |xawtHt |r=tDL= CQB |=yxO=O |}=U=vW "2"2
xar=]t

|Q}oxR=Ov= \}=QW QO Q}}eD w |y=oDUO w |v=Uv= |=y=]N pFt |irDNt pt=wa
|=yxO=O,qwtat "OwW xOW|Q}oxR=Ov= Q}O=kt QO CQB |=yxO=O RwQ@?@UCU= umtt
s=Hv= R= p@k CU= R=}v wQ u}= R= 'OvDUy =y|Q}oxR=Ov= QO =]N RwQ@ Qov=}@ CQB
CQwY QO w |}=U=vW CQB |=yxO=O '=yxO=O R= |Q}oxH}Dv w p}rLD w x} RHD xvwoQy
|}xO=O 'CQB |xO=O 'Q[=L VywSB QO "OvwW hPL =yxO=O |xawtHt R= u=mt=
R= w xOQmv |wQ}B =yxO=O xawtHt |rm p=tQv |wor= R= xm CU= xOW xDiQo Q_v QO
u_<wU u}= xm |}xvwo x@ 'OW=@ xO=Di= QwO |}x_Lqt p@=k Qw] x@ C=Oy=Wt Q}=U

[21]"CU= xOW O}rwD Cw=iDt OvwQ l} =@ xm OwW O=H}=
CQB |=yxO=O |}=U=vW |=Q@ [22]'LSC-Mine VwQ R= Q[=L VywSB QO
QO |r=oJ Q@ |vD@t CQB |=yxO=O |}=U=vW |=yVwQ R= |m} xm CU= xOW xO=iDU=
u} QDl}ORv =D k =@ xO=O l} |xrY=i Q@ |vD@t w CU= xQ}eDtOvJ |=yxO=O xawtHt
?=NDv= Q@ Q=m \UwD xm CU= C@Ft K}LY OOa l} k "CU= u; |=yx}=Uty

%CU= |QwQ[ =ys=o u}= s=Hv= 'LSC-Mine VwQ |=QH= |=Q@ "OwW|t
'p |xO=O Qy |=Q@ %u; R= p |x}=Uty u}t)=k |xrY=i |x@U=Lt %pw= s=o
xrY=i "CU= u; R= p l}ORv |x}=Uty u}t)=k |xrY=i k distance(p)

x@U=Lt �xQ}e wT}@ wvq=y=t '|UO}rk= pFt� xrY=i |Q}oxR=Ov= `@=D Qy =@ Ov=wD|t
|xrY=i|Q}oxR=Ov= |=Q@|UO}rk= `@=D R=Cq=L|t=tD QO 'Q[=LVywSB QO "OwW

"CU= xOW xO=iDU= \=kv u}@
R= u; |xrY=i xm q |xO=O Qy %p |xrY=i u}t)=k |o}=Uty uOQm =O}B %swO s=o
p |xrY=i u}t)=k |o}=Uty QO 'OW=@ |w=Ut =} QDtm k distance(p) R= 'p

%�1 |x]@=Q� OQ}o|t Q=Qk
Nk(p) = fq 2 Xnfpgjdist(p; q) � k distance(p)g (1)

p |xO=O |rLt |oOvm =QB C@Uv %p |rLt |oOvm =QB C@Uv |x@U=Lt %swU s=o
xOW `k=w QY=va O=OaD C@Uv CQwYx@ 'OwW|t xO=O u=Wv lsrk(p) =@ xm
|o}=Uty QO |k}kL pY=wi ẁtHt x@ p |xO=O |o}=Uty � k |xrY=i QO

OwN |v=QL@ Kw]U x@ xv=OCWQO Kr=Yt w ly; xm OUQ|t OwN |xv}tm Q=Okt
VvQm wVvD |v=QL@ |x]kv uDi=} 'KrUt |vD@ |=yxR=U |L=Q] w p}rLD QO "OvUQ@

[14]"CU= |QwQ[ |Qt= xQwLtxU Q=@ Q} R
w VvD Gw= |x]kv uDi=} |=Q@ R}v |a=aW |}x}=B `@=D |@Ya |=yxm@W R=
|}x}=B |@Ya |xm@W pOt u}OvJ w xOW xO=iDU= |Q=Wi |wQ}v Q} R uD@ QO VvQm
xDi=} xaUwD xQwLtxU Q=@ Q} R VvQm w VvD Gw= |x]kv |v}@V}B |=Q@ |a=aW
xOW xO=iDU= q=@ w p=tQv Ctw=kt =@ uD@ |xvwtv 56 R= =ypOt O=H}= |=Q@ w CU=
u=Wv |vw}UQoQ pw=ODt |=ypOt =@ xOWO=H}= |=ypOt |xU}=kt =@ C}=yv QO w
Q}=U R= QDW}@ |a=aW |}x}=B `@=D |@Ya |xm@W pOt CkO xm CU= xOW xO=O
QDq=@ =ypOt Q}=U x@ C@Uv pOt u}= |Q}PBj}@]D C}Y=N u}vJty w xOw@ =ypOt
|@Ya |=yxm@W R= xO=iDU= =@ '2014 p=U QO |}xar=]t QO u}vJty [15]"CU=
|=Q@ u} wv |WwQ w xOW |R=UpOt |xO=t; uD@ AtqU= 2l}DvS |xDi=}pt=mD
u}}aD =]N w |aU R= xO=iDU= =@ xm xv}y@ |@Ya |xm@W Q=DN=U |=yQDt=Q=B u}}aD
|=ysD} Qwor= R= xO=iDU= =@ w xOW x�=Q= l}DvS sD} Qwor= Q@ |vD@t 'CU= xOW|t
MQv 'p=kDv= `@=D 'u=yv |x}q |=yuwQwv |xv}y@ O=OaD '|iO=YD |wHDUH |m}DvS
VwQ 6 R= w xOW u}}aD QwNV}B |@Ya |xm@W |=Q@ swDvtwt ?} Q[ w |Q}oO=}
R= |m =L G}=Dv w xOW xO=iDU= xOW O=H}= |=ypOt OQmrta |UQQ@ |=Q@ |Q=t;
u}vJty w xOw@ =]N w |aU Q@ |vD@t |DvU VwQ x@ C@Uv |O=yvW}B VwQ |QDQ@
xDi=} Vy=m xm@W |xv}y@ |=yQDt=Q=B u}}aD |oO}J}B 'QwmPt VwQ R= xO=iDU= =@

[16]"CU=
|DNQO pOt '|awvYt|@Ya |xm@W pOt xU R= '2014 p=U QO|WywSB QO
|Di=} R=@ uD@ |xRwQ 28 |Q=Wi Ctw=kt |R=UpOt |=Q@ |]NQ}e uw}UQoQ pOt w
|@Ya |xm@W QD?U=vt OQmrta R= |m =L xOt; CUOx@ G}=Dv w xOW xO=iDU=
VwQ l} R}v '2015 p=U QO [17]"CU= xOw@ uD@ |Q=Wi Ctw=kt |R=UpOt QO
Hybrid s=v x@ �uw}UQoQ |xr�Ut� |HwQN � |OwQw |x]@=Q u}tND |=Q@ u} wv
\UwD �?} Q=� 3=yT=}=@ w x}rw= |=yuRw Q}O=kt u; QO w xOW x�=Q= ANN-GA

uD@ \wrNt AtqU= u}tND |wQ xOWx�=Q= VwQ |}=Q=m w ?=NDv= l}DvS sD} Qwor=
QDW}@ CkO w QDq=@ |}=Qosy CaQU Qov=}@ xOt; CUOx@ G}=Dv w xOW |UQQ@ xO=t;

[18]"CU= xOw@ x@=Wt |=ypOt x@ C@Uv
uw}UQoQ w |awvYt |@Ya |xm@W |=ypOt R= xO=iDU= =@ Q[=L VywSB QO
|R=UpOt 'Ovtv=wDuD@ |xRwQ 28|Q=WiCtw=kt wAtqU= QDt=Q=B wO 'xv=oOvJ|]N
"CU= xOW |UQQ@ OQmrta |@=} RQ= pw=ODt |=yQ=}at R= xO=iDU= =@ =yu; OQmrta w
'u=t}U =Hv}= QO� uD@ |xOvyOp}mWD <=RH= R=|a@=D CQwYx@ QwmPt QDt=Q=B wO Q}O=kt
�xv=OR} Q w xv=OCWQO 'xOvvmu=wQ jwi '?; '|R=Oouy; xQwm |xQ=@ QU '|O=@ QDUm =N
xOW |v}@V}B xv=oOvJ |]N uw}UQoQ w |awvYt |@Ya |xm@W R= xO=iDU= =@
|=yxO=O OvtR=}v AtqU= w |Q=Wi Ctw=kt |v}@V}B |=Q@ =ypOt O=H}= "CU=
uw}UQoQ '|awvYt |@Ya |=yxm@W s}y=it 'Oa@ VN@ QO "CU= |y=oW}=tR;
xYqN Qw] x@ Q[=LVywSB QO xO=iDU= OQwt |=yxO=O |xawtHt w xv=oOvJ |]N

"CU= xOW u=}@

=yVwQ w O=wt "2
|=Q@ xOWxO=iDU= |=yVwQ w |UQQ@ =yxO=O |xawtHt C=}�RH 'Q[=L VN@ QO

"CU= xOW xO=O K}[wD AtqU= w xRwQ 28 |Q=Wi Ctw=kt |R=UpOt
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R}}=B
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}QW
u=Qt

a|
UOv

yt [20]"xar=]t OQwt |=yxO=O |xawtHt R= |WN@ "1 pwOH
|Q=Wi Ctw=kt AtqU= xv=O CWQO xv=OR} Q jwi ?; |xQwm |xQ=@ QU |O=@ QDUm =N u=t}U h}OQxRwQ 28

cm kg=m3 kg=m3 xOvvm u=wQ
kg=m3 |R=Oouy;

kg=m3 kg=m3
MPa kg=m3 kg=m3

34 99 23 680 904 9 210 105 82 273 1
41 14 0 746 843 12 180 191 149 163 2
41 81 1 743 840 16 179 191 148 162 3
42 08 3 741 838 19 179 190 148 162 4

...
...

...
...

...
...

...
...

...
...

50 23 2 644 1 949 9 7 7 169 1 239 9 101 248 100
50 5 0 646 938 9 7 6 175 3 239 9 88 258 8 101
49 17 27 5 651 8 908 9 7 5 194 239 9 4 90 297 1 102
48 77 29 758 1 786 2 9 6 208 5 223 1 0 1 348 7 103

QDtm =yv; |rLt |oOvm =QB C@Uv xm |}=yxO=O 'TQy ?} Q[ |x@U=Lt R= TB
^=Lr x@ |QDtm p}Uv=DB uwJ 'OvwW|t xOR Q=vm |D; C=@U=Lt R= 'CU= Pf R=
Q=vm =Q =yxO=O xawtHt |=yxO=O R= |t}v R= V}@ ?} Q[ u}= "OvQ=O uOw@ CQB
sHL uwJ "O@=}|t V}=Ri= LSC-Mine VwQ |}=Q=m p}rO u}ty x@ 'OvR|t
|=QH= |=Q@ |QDtm u=tR COt 'xH}Dv QO w O@=}|t Vy=m R=}vOQwt C=@U=Lt

"Ow@ Oy=wN R=}vOQwt xt=vQ@
p |xO=O |rLt |oOvm =QB ?} Q[ %p |rLt |oOvm =QB ?} Q[ |x@U=Lt %sHvB s=o
|oOvm =QB C@Uv u}ov=}t C@Uv CQwYx@ 'OwW|t xO=O u=Wv LSCk(p) =@ xm

%�4 |x]@=Q� OwW|t h} QaD u; |=yx}=Uty u} QDl}ORv =D k x@ p |rLt

LSCk(p) =

P
o2Nk(p)

lsrk(o)
lsrk(p)

jNk(p)j (4)

xm CU= xDmv u}= Qov=}@ 'xO=O l} |=Q@ |rLt |oOvm =QB ?} Q[ |q=@ Q=Okt
uOw@CQB ^=Lr x@ |}q=@ p}Uv=DB xH}DvQO w CU}v dwrW 'xO=O h=Q]= |o}=Uty
|=yxO=O O=} R `=tDH= Qov=}@ '|rLt |oOvm =QB ?} Q[ sm Q=Okt xm |r=L QO "OQ=O
|xO=O xmCio u=wD|t xH}Dv QO xmCU= |UQQ@ OQwt |xO=O |o}=Uty QO xOW`k=w
CQB |=yxO=O |}=U=vW |=Q@ u}=Q@=v@ "OQ=O uOw@ CQB ^=Lr x@ |tm p}Uv=DB QwmPt
|xawtHt <=[a= |t=tD |=Q@ LSC ?} Q[ 'LSC-Mine VwQ R= xO=iDU= =@
QDW}@ Q@ Q=m |i} QaD t |xv=DU; OL l} R= ?} Q[ u}= Qo = 'OwW|t x@U=Lt =yxO=O

"CU= CQB |xO=O l} |=O}Ov=m 'xO=O u; Cio u=wD|t 'OW=@

|awvYt |@Ya |=yxm@W "3"2
|r�=Ut QO Ovv=wD|t w OvDUy u=Uv= Vwy R= xO=U Q=}U@|U=@Dk= '|@Ya |=yxm@W
Qw]x@ w pQDvm '|R=UpOt '`@=D u}tND '|Ov@xDUO '|Ov@xWwN 'wor= CN=vW pFt
xO=iDU= 'OW=@ |]NQ}e =} w |]N CW=ov l} |Q}oO=} x@ R=}v xm =H Qy QO |rm
Kr=Yt Q=DiQ |R=UpOt |=Q@ u=QoWywSB xm Ov=xOW ?@U =yC}r@=k u}= "OvwW|t
x@ 'OvDUy =yv; |xOvyOp}mWD <=RH= |}=}t}W w |m} R}i C=}YwYN x@ xDU@=w xm

[23]"OvQw; |wQ |@Ya |=yxm@W R= xO=iDU=
pO=at u; QO xQo Qy xm CU= |OwQw |x}q l} pt=W |@Ya |xm@W Qy
xQo |O=OaD x@ |OwQw |x}q QO OwHwt |=yxQo "CU= |v}@V}B |=yQ}eDt R= |m}
pYw u=yv |x}q |=yxQo |xty x@ |OwQw xQo Qy "OvwW|t pYw u=yv |x}q QO

OQwt |=yxO=O |xawtHt QO \wrNt |xOvyOp}mWD <=RH= |xOwOLt "2 pwOH
[20]"xar=]t

uRw u} QDW}@ uRw u} QDtm XwYNt uRw xOvyO p}mWD <RH
(kg=m3) (kg=m3)
374 00 137 00 3 15 u=t}U
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uD@ |xRwQ 28 |Q=Wi Ctw=kt w AtqU= |v}@V}B QO 6wrH x@ wQ |Q=W@; |@Ya
|@Ya |=yxm@W '|@Ya |=yxm@W `=wv= u} QDsyt R= "CU= xOW |UQQ@ Ovtv=wD
|HwQN QDt=Q=B Q=Okt xm CU= |vat u}= x@ wrH x@ wQ "CU= wrH x@ wQ |x}PeD
|OwQw Q}O=kt "OwW|t u}}aD x}rw= |=yuRw |QU l} w |OwQw |=yQDt=Q=B T=U=Q@
|=Q@ R}v u=yv |=yx}q Q}O=kt "OvwW|t xO=iDU= u=yv |=yx}q QO w ?}mQD sy =@
xm CU= |vat u}= x@ |DWoQ@ |xaUwD "OvwW|t ?}mQD |HwQN Q}O=kt x@U=Lt
'|W}=tR; |=yxO=O QO 7�hOy Q}O=kt� Q_vOt Q=Okt =@ |HwQN Q=Okt |xU}=kt =@
uRw Q}}eD w xm@W K}LYD |=Q@ Q=Okt u}= R= "OwW|t x@U=Lt |HwQN |=]N
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xOW QmP C=a@ Qt |xv}tm sD} Qwor= R= xO=iDU= =@ AtqU= |=Q@ xOWpY=L |]N
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"C=a@ Qt |xv}tm sD} Qwor= R= xO=iDU=

P Q=Okt Q}eDt ?} Q[ Q=Okt Q}eDt s=v
0 79310 �52 5080 Intercept

0 90408 �0 0077691 Cement

0 70804 �0 033587 Slag

0 92976 �0 0057464 Flyash

0 22993 0 242860 Water

0 46338 �0 278670 SP

0 86541 0 013110 CoarseAggr

0 75322 0 025489 FineAggr

|Q}oxH}Dv "4
Ovtv=wD uD@ <=RH= xm |awvDt |}=}t}W C=@}mQD w |m} R}i C=}YwYN x@ xHwD =@
=Q Ovtv=wD uD@ C=YNWt ,=k}kO Ov=wD@ xm |rOt |x�=Q= ,qwtat 'OvyO|t pmW =Q
|@Ya |=yxm@W R= xO=iDU= =@ Q[=L VywSB QO "CU= Q=wWO 'Ovm |v}@V}B
Ctw=kt w AtqU= |v}@V}B |=Q@ |}=ypOt 'xv=oOvJ |]N uw}UQoQ w |awvYt
'xOWO=H}= |=ypOt u=}t R= "CU= xOW x}yD Ovtv=wD uD@ |xRwQ 28 |Q=Wi
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s=Hv= |y=oW}=tR; C=ar=]t j} Q] R= xm '\@DQt C=aw[wt w Kr=Yt |=yxYNWt
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|=yxO=O R= |tm O=OaD \ki xm |v=tR QO Kr=Yt |xO}J}B Q=DiQ |R=UpOt Qw_vt
=yxv} Ry QO |} wHxiQY ?@U w OQm xO=iDU= 'CU= TQDUO QO |y=oW}=tR;

"OW

|=yVwQ R= 'OwW|t CW=OQ@ xQ}eDtOvJ |=yxO=O R= |O=} R sHL =yu; QO w
s}tYD |=yCNQO '|awvYt |@Ya |=yxm@W %Ovv=t sQv C=@U=Lt Q@ |vD@t
x@ u=wD|t =Q Q[=L VywSB QO xOWx�=Q= VwQ "OQm xO=iDU= |@}mQD |=ypOt w

=yCWwv=B
1. high performance concrete (HPC)
2. genetically evolved arti�cial neural networks (GEANN)
3. bias
4. pruning factor (Pf)
5. feed-forward back propagation
6. cascade-forward neural network
7. target value
8. sigmoid
9. likelihood
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