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p=tDL= `} RwD w Ovvm|t |v}@V}B |v}aD CQwYx@ =Q MU=B '=ypOt |t=tD R}v w
|y=oW}=tR;G}=Dv R}v [12]'�2013�CiQat "OvQw;|tvCUOx@ =Q xOW u=}@ |=yC}tm
u=QyD QyW K]U QO x=oQ=m 106 R= =Q A-III w A-II |=yxHQO =@ |}=yOQor}t
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pmW QO Q=PoQ}F-=D w syt |=yQ}eDt R= xm '\qDN= KQ] |tU= Ctw=kt "OwW `iQ
|Qw;`tH |=yxOy=Wt R= |DtUk |=Q@ 'OwW xO=O xaUwD CU= Q=Qk xm CU= |rOt
QO =yv; R= |Q}oxQy@ w =yxOy=Wt xvwou}= hPL R= |Q}owrH |=Q@ "CU}v OwHwt xOW

QwWm |=yu=tDN=U QO xDiQ Q=mx@ O=wt Ctw=kt |D=P w |DN=vW |=yC}a]ksOa xm
|xaUwD =@ 'OW xDio xm xvwou=ty "CU= xDiQov CQwY 'Ovm OQw;Q@ K} QY CQwYx@ =Q
G}=Dv 'QwWm pN=O QO xOW xO=iDU= O=wt Ctw=kt |v}@V}B |Dq=tDL= |=ypOt
|}xk]vt lU} Q p}rLD Ovv=t 'u=Q}= |=yCN=UQ} R |wQ |Dq=tDL= |=yp}rLD `=wv=
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|QDQ@ "CU= xOW s=Hv= 12u} S}@ |]N uw}UQoQ CQwYx@ Q[=L VywSB QO O=wt
pOt |=yQDt=Q=B C}a]ksOa OQw;Q@ QO 'l}Uqm \=@vDU= x@ C@Uv u} S}@ \=@vDU=
R= `}Uw |xO=O x=o}=B l} 's=o u}rw= QO "CU= pOt |xOv=t}k=@ Q=}ath=QLv= w
QO "CU= xOW |Qw;`tH OQor}t s}rUD VvD w uD@ Ctw=kt VHvU |=yx=oW}=tR;
xm 'OvwW ?=NDv= V}=tR; Qy R= |}=yQDt=Q=B CU= xOW |aU xO=O x=o}=B |Qw;`tH
OQor}t s}rUD VvD w uD@ |Q=Wi Ctw=kt |va} 'pOt MU=B QO =Q Q}F-=D u} QDW}@ sy
CL=Q xOv}; QO |v}@V}B pOt u=Q@ Q=m |=Q@ u; C@F w xOy=Wt sy w OvW=@ xDW=O
QO 'CU= xOW |Qw;`tH |OOaDt |=yx=oW}=tR; R= xO=O x=o}=B xm =Hv; R= "OW=@
Ctw=kt |v}@V}B pOt |xaUwD |=Q@ |O}rm QDt=Q=B l} '=yxOy=Wt R= |oQR@ VN@
'|Oa@ s=o QO u}=Q@=v@ "Ow@ xOWv C@F '|tU= |Q=Wi Ctw=kt |va} 'uD@ |Q=Wi
'u}W=t |Q}oO=} Q@ |vD@t |Ov@xDUO sD} Qwor= wO T=U=Q@ xO=O x=o}=B QO Q}N= Xkv
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|Q=t; Q_v R= pOt xm OwW pY=L u=v}t]= =D 'CU= xOW |@=}?}a =yxOv=t}k=@
xm 'pOt R= |}=yQDt=Q=B =OD@= 'pOt Vy=m Ov}=Qi p=ta= =@ u}vJty "CU= K}LY
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|=yOQor}t |=Q@ R}v OQor}t s}rUD VvD "O}; CUOx@ uD@ |Q=Wi Ctw=kt |v}@V}B
"CU= xOW |R=UpOt u} S}@ |iO=YD Q}eDt CQwYx@ A-IV wA-III |=yxHQO
R= 'OvQ=O C}a]ksOa R}v OwN xm 'u} S}@ |iO=YD Q}eDt |=yQDt=Q=B p=tDL= `} RwD
pOt wO Qy QO u} S}@ \=@vDU= "CU= xOt; CUOx@ xOW |Qw;`tH |=yxO=O |wQ
w xOQm sy=Qi =Q pOt |=yQDt=Q=B |DN=vW C}a]ksOa |R=U|:tm u=mt= '|v}@V}B
xDN=U umtt =Q O}OH |xOy=Wt l} ẁkw CQwY QO pOt |R=Us=ovyx@ 'wQ u}= R=

"CU=
'CU= xOW s=Hv= 17 Rtx Q=Ri=sQv R= xO=iDU= =@ Q[=LVywSB QO u} S}@ \=@vDU=
`t=H |}xv=N@=Dm =@ |Qw;?=D w 'lU} Q 'O=tDa=C}r@=k |=yp}rLD |=Q@ |Q=Ri=sQv xm
[17�15]"CU= uwo =vwo |=yOt=}B w =yCN=UQ} R '=yQ]N |=Q@ |Dq=tDL= |=ypOt R=
|=ypOt |xaUwD 'Q[=L VywSB |rY= hOy 'OW u=wva xm xvwou=ty
"CU= xOw@ QwWm R=UwCN=U QO |iQYt OQor}t w uD@ O=wt Ctw=kt |Dq=tDL=
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hrDNt `=wv= |Qw;?=D w lU} Q |=yp}rLD pt=W '|Dq=tDL= |=yp}rLD "Ov=xOW
O=wtCtw=kt |v}@V}B |Dq=tDL= |=ypOt |xaUwD "OvDUy |v=Qta |=yCN=UQ} R
QO C}a]ksOa `t=H |R=U|:tm x@ QHvt 'QwWm R=UwCN=U C}a[w =@ ?U=vDt
u=wD|t Q[=L Q=DWwv G}=Dv R= u}vJty "OW Oy=wN xOW QmP |Dq=tDL= |=yp}rLD
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2.
� (1)

?} Q[ l} � 'OQix@ QYLvt Q=O?UJQ@ |xO=O wO Q=OQ@ ?}DQDx@ x0 w x 'u; QO xm
sD} Qwor= R= xO=iDU= =@ TBU "CU= |UO}rk= |xrY=i Qov=Wv jj:jj Qopta w C@=F
w R=Qi= hrDNt |=yxLiY Q@= |xr}Uwx@ =yxDUO |t=tD 'u=@}DWB Q=OQ@ u}W=t
QO sD} Qwor= wO Qy |=QH= "OwW|t s=Hv= ?UJQ@ uwO@ |=yxO=O |Q=Po?UJQ@
xOW s=Hv= [20]'scikit-learn |xv=N@=Dm R= xO=iDU= =@ w uwD}=B |U} wvxt=vQ@ u=@ R

"CU=
Ctw=ktVHvU |=yx=oW}=tR; R= xO=O 3590 ẁtHt QO 'OW xDio xm Qw]u=ty
|tU=Ctw=kt?UJQ@ 'xO=O 1730 xm 'OvOW |Qw;`tH QwWm K]U QO uD@ |Q=Wi
w VRwt; |=yxO=O u=wvax@ xO=O 1471 |va} '=yv; �85 &OvDW=O =Q \qDN= KQ]
TB "Ov=xOW xO=iDU= |HvUQ=@Da= |xO=O u=wvax@ xO=O 259 |va} 'xOv=t}k=@ �15
|=yxO=O |=Q@ 23|oDN} QsyQO T} QD=t 'VRwt; |=yxO=O |wQ sD} Qwor= |=QH= R=
|=ysD} Qwor= |=Q@ u; Q}O=kt?}DQD x@ '2 w 1 pw=OH QO xm 'Ot;CUOx@ |HvUQ=@Da=
x@ N w P hwQL 'Q}N= |=ypwOH QO "CU= xOW x�=Q= RBF-Kernel w K-NN

OvDUy |}=yxO=O O=OaD |vat x@ w Negative w Positive |}=OD@= hwQL ?}DQD
x@ R}v 'F w T hwQL "Ov=xDiQov =} xDiQo Q=Qk xDUO Qy QO sD} Qwor= j@=]t xm
uOw@ CUQO=v =} CUQO |vat x@ w False w True |=yxS=w |}=OD@= hwQL ?}DQD
sD} Qwor= w �89 19 'K-NN sD} Qwor= u}ov=}tQw]x@ "OvDUy sD} Qwor= |v}@V}B
sD} Qwor= R= 'xt=O= QO 'Q}N= G}=Dv x@ xHwD =@ "OQ=O CkO �88 42 'RBF-Kernel

"CU= xOW xO=iDU= \qDN= KQ] |tU= Ctw=kt u}tND |=Q@ K-NN

pOt pmW |xaUwD "3"2
pmW l} |xaUwD |=Q@ 2 |x]@=Q j@=]t u} S}@ |]N uw}UQoQ R= 'xrLQt u}= QO

%CU= xOW xO=iDU= |OQ@ Q=m pOt
y = �1 � h1(x) + �2 � h2(x) + � � �+ �k � hk(x) + " (2)

"K�NN VwQ |=Q@ |oDN} QsyQO T} QD=t "1 pwOH
C30 C25 C20

N P N P N P

228 4 34 151 258 0 T

15 12 23 51 1 0 F

C50 C40 C35
253 4 245 2 193 14 T

2 0 9 3 34 18 F

"RBF�Kernel VwQ |=Q@ |oDN} QsyQO T} QD=t "2 pwOH
C30 C25 C20

N P N P N P

230 3 19 155 258 0 T

16 10 19 66 1 0 F

C50 C40 C35
253 0 247 1 198 10 T

6 0 10 1 38 13 F
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|=ysD} Qwor= R= 'Oa@ CtUk QO Qw_vt u}= x@ "OwW xOR u}tND Qo}O |=yxOy=Wt

"CU= xOW xO=iDU= u}W=t |Q}oO=} Q@ |vD@t 20|Ov@xDUO

xO=O Xk=wv `iQ "2"2
pOt QO xm Cw=iD u}= =@ 'CU= uw}UQoQ |R=UpOt x@ x}@W |Ov@xDUO sD} Qwor=
MU=B '|Ov@xDUO QO =t= 'CU= xDUw}B C}tm l} TvH R= pOt MU=B 'uw}UQoQ
'hrDNt |=y?UJQ@ u=}t w CU= 21?UJQ@ |awv x@ =} xDUUo Q}eDt l} pOt
^=Lr R= pOt |xDUw}B |=yMU=B xm uw}UQoQ hqNQ@ &OQ=Ov OwHw |QDQ@ ,=twRr
|xO=O x=o}=B QO \qDN= KQ] |tU= Ctw=kt xm =Hv; R= "OvDUy xU}=kt p@=k |Q@H
C50 w C40 'C35 'C30 'C25 'C20 |xDUUo Q}O=kt pt=W xOW |Qw;`tH
\qDN= KQ] |tU= Ctw=kt u}tND |=Q@ |Ov@xDUO sD} Qwor= R= u=wD|t 'CU=
|=yxvwtv |k}kL |Q=Wi Ctw=kt Q=Owtv '1 pmW QO "OQ@ xQy@ Xk=v |=yxO=O
xOW xOy=Wt |=yxO=O s=tD |=Q@ |Qw;pta u=tRCOt ?UL Q@ xOW V}=tR;
XNWt xvwou=ty "CU=xOW sUQ 'OvDUy hrDNt |tU= |=yCtw=kt pt=W xm
Ctw=kt =@ |Qw;pta u=tR w uD@ |k}kL Ctw=kt u=}t |@} QkD |x]@=Q l} 'CU=
\@DQt |=yxO=O u=}t |RQt |]w]N u=wD|t xm |wLvx@ 'CU= sm =L u; |tU=
'`k=w QO "O=O Q=Qk xDUO l} QO =Q =yv; w OQm sUQ X=N |tU= Ctw=kt l} =@
'uD@ |Qw;pta u=tRCOt w V}=tR; R= pY=L |Q=Wi Ctw=kt uDW=O =@ u=wD|t
u}tND =Q \qDN= KQ] |tU= Ctw=kt u=R}t w OQm xOy=Wt =Q u; x@ ?wUvt |xDUO

"OR
'pw= sD} Qwor= %CU= xOW xO=iDU= |Ov@xDUO sD} Qwor= wO R= 'Q[=L VywSB QO
QDt=Q=B x@\ki '|Ov@xDUO p}rLD |=QH= |=Q@ xm 'CU= KNN =} x}=Uty u} QDl}ORv
|xO=O |=vat x@ 'pw= sD} Qwor= QO |o}=Uty [18]"OQ=O R=}v (k) |o}=Uty O=OaD
Ovv=t |DQ=mO C=YDNt l} QO =Q |UO}rk= |xrY=i u} QDtm xm CU= |Q=O?UJQ@
k O=OaD uOQm =O}B R= TB 'pw= sD} Qwor= "OQ=O ?UJQ@ uwO@ |xO=O x@ '1 pmW
|}xDUO QO =Q xO=O '?UJQ@uwO@ |xO=O Qy |=Q@ Q=O?UJQ@ |=yxO=O R= x}=Uty
|=Q@ |Ov@xDUO 6 xm =Hv; R= "OyO|t Q=Qk 'OvDUy u; w[a =yx}=Uty u} QDW}@ xm
xO=O Q=Qk 7 Q@=Q@ K-NN sD} Qwor= QO |o}=Uty O=OaD 'OQ=O OwHw |tU= Ctw=kt

"OQ}o Q=Qk =yxDUO R= |m} QO smCUO ?UJQ@ uwO@ |xO=O =D 'OW
1 |xrO=at j@=]t pvQm `@=D h} QaD =@ xm 'CU= 22|Uw=o pvQm 'swO sD} Qwor=
x@ =Q VRwt; |=yxO=O |=[i 'Q=O?UJQ@ |=yxO=O R= ?DQt |=yGwR |t=tD |=Q@

"|Qw;pta u=tR Q@=Q@ QO |vD@ |=yxvwtv |Q=Wi Ctw=kt Q=Owtv "1 pmW
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F ( ) = �1 � h1(x) + �2 � h2(x) + � � �+ �k � hk(x) + " (3)

|r}O@D "CU= uD@ |Q=WiCtw=kt |@} Q)=?} Q[ |wQQ@ p}O@Dl} F ( ) 'u; QO xm
xO=iDU= u=mt= w Ovm|t ^iL =Q pOt |]N pmW 'OwW|t p=ta= AJ CtU QO xm
sy=Qi K} QY pLx=Q l} j} Q] R= pOt |=yQDt=Q=B u}}aD |=Q@ =Q |]N uw}UQoQ R=
\=@vDU= |=Q@ 'OwW p=ta= CU=Q CtU x@ Twmat p}O@D 'u; |=H x@ Qo = "OR=U|t

"CU= K} QY pLx=Q l} Ok=i xm CU= R=}vOQwt |]NQ}e uw}UQoQ 'pOt
u; |=yQDt=Q=B lQDWt p=tDL= `} RwD '?NDvt pOt pmW l} p}mWD R= TB
CQwYx@ 28R}@ |x}[k R= xO=iDU= =@ '(�2) u; |xOv=t}k=@ Tv=} Q=w w (�) pOt

%O};|t CUOx@ 4 |x]@=Q

f
�
�; �2jy� =

f
�
yj�; �2� f ��; �2�

1R
0
R
Rk
f (yj�; �2) f (�; �2) d�d�2

(4)

Q@=Q@ V}=yxir-wt xm 'CU= MU=B Q=OQ@ y w p=tDL= |r=oJ `@=D f(:) 'u; QO xm
p=tDL= `} RwD '4 |xrO=at T=U=Q@ "CU= hrDNt |=yxOy=Wt QO F ( ) Q}O=kt
`} RwD uOQw; CUOx@ Qw_vtx@ y |=yxOy=Wt R= xO=iDU= =@ f(�; �2jy) u}W}B
'|R=Us=ovyx@ u}= |rY= |=yx}=B "OwW|t s=ovyx@ f(�; �2jy) u}UB p=tDL=
GQNt 'Q}N= CQ=@a wO uDW=O =@ "OvDUy 29|}=tvCUQO `@=D w u}W}B p=tDL= `} RwD
w R � 0 |=[i QO �2 |wQ Q@ QUm CQwY R= xv=oOvJ |Q}op=QoDv= =@ 4 |xrO=at
O=Oa= |xOvyOu=Wv R xm 'O};|t CUOx@ Rk |=[i QO � Q=OQ@ |xir-wt k O=OaD
Tv=} Q=w w =yQDt=Q=B OQwt QO |r@k C=aq]= I}y xmv}= x@ xHwD =@ "CU= |k}kL
[21]'�1973� 30w�=}D w Tm =@ Q=DWwv =@ j@=]t 'CU}v TQDUO QO pOt |xOv=t}k=@

%OwW|t xO=iDU= 5 |xrO=at Ovv=t 'C=aq]= uwO@ u}W}B ZQi R=
f
�
�; �2� / 1

�2 (5)

%CU= 6 |x]@=Q j@=]t [21]'|]N uw}UQoQ |viC=}@O= j@=]t R}v |}=tvCUQO `@=D
f
�
yj�; �2� = N (X�; �2In) (6)

Q=}ath=QLv= T} QD=t w X� u}ov=}t =@ p=tQv lQDWt `} RwD l} =@ CU= Q@=Q@ xm
xm 'CU= n � k T} QD=t l} X '=yxOy=Wt O=OaD Q@=Q@ n u; QO xm ' �2In
|va} '=yV}=tR; R= |i}YwD `@=wD hrDNt |=yxOy=Wt |xOvyOu=Wv V}=yh}OQ
|Q=Po}=H "CU= |Oa)@ n |v=ty T} QD=t l} In w 3 |xrO=at QO =y hi(x)

'u}UB lQDWt `} RwD R= |}x}W=L `} RwD |x@U=Lt w 4 |xrO=at QO 6 w 5 CqO=at
�2 w � |=Q@ '8 w 7 |=yx]@=Q j@=]t |}x}W=L u}UB |=y`} RwD O}rwD x@ QHvt

[21]%OwW|t

f (�jy) = tn�k
�

�̂; s2�XTX
��1�

(7)

f
�
�2jy� = ��2

v

�
n� k; s2� (8)

%OvwW|t x@U=Lt 10 w 9 |=yx]@=Q j@=]t s2 w �̂ '=yv; QO xm
�̂ =

�
XTX

��1
XTy (9)

s2 = 1
n� k (y �X�)T (y �X�) (10)

`@=wD hi 'pOt |=yQDt=Q=B � = f�1; �2; : : : ; �kg '24pOt MU=B y 'u; QO xm
" w |i}YwD `@=wD O=OaD k 'pkDUt |=yQ}eDt Q=OQ@ x '26=yQwUQoQ =} 25|i}YwD
|Q}oxR=Ov= j} Q] R= ,=t}kDUt Ovv=wD|t =} |i}YwD `@=wD "OvDUy pOt |xOv=t}k=@
w OvyO p}mWD `@=D l} 'xOW xOy=Wt C}tm OvJ ?}mQD R= =} w Ov}; CUOx@
|=yQDt=Q=B 'l}Uqm uw}UQoQ QO "OvQ}o Q=Qk 2 |xrO=at QO hi(x) l} u=wvax@
|=Q@ pw=ODt |=yx=Q R= |m} "Ov};|t CUOx@ pOt |=]N |R=Uxv}tm =@ pOt
\=@vDU= QO "CU= 27|rwtat C=a@ Qt u} QDtm VwQ =@ |R=Uxv}y@ 'QwmPt |xr�Ut
Q=}ath=QLv= w =yQDt=Q=B |}x]kv |=yOQw;Q@ \ki |R=Uxv}y@ R= TB 'l}Uqm
\=@vDU= x@ C@Uv u} S}@ \=@vDU= QDQ@ |oS} w =t= "O};|t CUOx@ pOt |xOv=t}k=@
pOt |xOv=t}k=@ Q=}ath=QLv= w =yQDt=Q=B p=tDL= `} RwD uOQw; CUO x@ 'l}Uqm
=yv; u=wD|t 'pOt |=yQDt=Q=B |DN=vW C}a]ksOa OQw;Q@ =@ `k=w QO [21]"CU=
q=@ =Q pOt |v}@V}B CkO w Owtv s=ovyx@ O}OH |=yxOy=Wt R= xO=iDU= =@ =Q

"OQ@
'=yxOy=Wt w xr�Ut QO QF-wt |=yQ}eDt uDi=} 'CU= xOW QmP QDW}B xm Qw]u=ty
|HvU=w |=Q@ =yxOy=Wt 'hQ] l} R= "OvDUy |R=UpOt R= OQm} wQ u}= |=yx}=B
R= xO=iDU= =@ 'Qo}O |wU R= "OvwW|t xO=iDU= pOt |xOv=t}k=@ w pOt |=yQDt=Q=B
u}}aD 'OvQ=O |oDU@ x |=yQ}eDt x@ xm hi(x) |i}YwD `@=wD 'u}W}B C=ar=]t
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1. Load and Resistance Factor Design (LRFD)
2. Joint Committee on Structural Safety
3. Kog
4. Bias Factor
5. Ultrasonic Pulse
6. Windsor Probe
7. Wi�sniewski
8. Skeji�c
9. Deterministic
10. Support Vector Machine (SVM)

11. Adaptive Neuro Fuzzy Inference System (ANFIS)
12. Bayesian Linear Regression
13. K-Nearest Neighbors (KNN)
14. Radial Basis Function- Kernel
15. Diagnosis
16. Homoskedasticity

"CU= |Q}oQ=@ p@=k rtx.civil.sharif.edu TQO; R= Rtx Q=Ri=sQv "17
18. Over�tting
19. Calibration
20. Classi�cation
21. Label
22. RBF-Kernel
23. Confusion Matrix
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24. Regressand
25. Explanatory Function
26. Regressor
27. Ordinary Least Squares
28. Bayes' Theorem
29. Likelihood Function
30. Box and Tiao
31. Coe�cient of Determination
32. Collinearity
33. Quantile-Quantile
34. Bartlett
35. Relative Frequency Diagram
36. Posterior Predictive Distribution
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