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Abstract The focus of modern process industry has shifted to the production of higher-

value-added products through batch processes. Statistical process monitoring (SPM) has

shown to be effective in ensuring process safety and product consistency for batch processes.

This paper presents a review of multivariate statistical modeling and monitoring for batch

process applications. Based on analysis of the nature of batch processes, this paper reviews

each key method in terms of its motivation, development, and application prospective. The

review ends with the authors′ personal views of challenges and future directions for the area.
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3 ( d���
^	�Æ?Kk�n�t[I 401℄��a�D8-�}
dr�q℄	�IukaI��k ly?VTkiP\M�6Q8:�P��$F℄��a�q?DeA&&}*a��aI��_a����}g℄��azd�1-Q�1k �-Qq-��>UQ��k ��q℄:E �IB℄��aP��T�dA&+�1=yQ��akan�I
�+�P�+7A&	�A&dr�S�AT�iI�E)&�=B~�89g'sEB�KR~��4\?�x�%RI"=��UGQG�F 7��n�k<�a~&�dH#�h0Rk�qZGQN2�)I
s6
~Q��a���mF���GQ��>YTiP�a�rq��O*�;�����b1>��aGQ��)℄gk<�a�i~lYG�gk<�a���\O�\)g����B&IBRX3��ID\HH_ (PCA)
[1]

, D\H1� (PCR)
[1]

, 'I\HH_ (ICA)
[2] ��a�5_ (PLS)

[3,4] �M��G�1v=Ii~�9�Bg\M??8��aH_�
sYG�k��46
k<�a:6
T�1\n�U℄\�[5∼8]
.$FVqH	|h\�TM!�a:1v=Ii~�
sYG�7�BU℄nO�;a�_BT℄��a:�F=\��1v=Ii~�9[5∼8]

, �}�dg℄��a
n��ak<:�t7?8��R�IB1v=I�9
℄��a:Bg\��U℄�[td)8Ks�/℄��a'-���-��?�H_WO�a���d==I- �lnd�=Ii~�9���B�H?�|hR�d?�9�9%yB��℄!
�`B���4/�?Zr:AF{
�X3IB+Æ0
fh!��%V�{s��Sj	�5y:a��^℄��a���-�IB:<�0P$oB�,��Wy:|h1x℄��a=Ii~�
sYGG�7�Fa���y:+h�?Zr:AF{
�X3IB)��+Æ���a�}{�p�
2 _
	d���/!D1Q(pE
2.1 ��zlp���+MT,g}���k%e?�d�WDeA&�℄��a�W d Jx )
sGQ��a-Q (xjx

)(jx = 1, · · · , Jx), 46
?u℄�DeA&	�/q�a-Qz AA K GQ�� (xjx,k)(k = 1, · · · , K). �6�?u℄�De���)I`\?5O��
X(Jx ×K), Eq?W�A6q*�(d�a-QGQ,`\�4q?�Æ}?�a-Q
?u℄�De	����?�W Ft��1:d I u#V�℄�De�Æ)
	
I 5O�� Xi(Jx × K)(i = 1, · · · , I). (d����`\TWO�a�� X(I × Jx × K),��:qv�2xM xi,jx,k. ℄��a�P�6Q;V}
?u℄�De{��AsGQ�W �ad Jy )G6Q-Q (yjy

)(jy = 1, · · · , Jy), ?u℄�De
	�6Q��)`\?W�Q y = [y1, · · · , yJy
]T, I u℄�De�6QGQ,s\?5O�� Y (I×Jy).Qt�℄��a������w}?WO��a-Q X �?5O�6Q-Q�� Y .℄��a��kT�dWO�2}�wF���%d;�dQ��=I-��?�x�g℄��a%6[}"*�a��a-Q��?%Rq℄^nEs�-$;|�46�a-Q)℄;V;{
? �g�{f�Qt��aGQ��<q�dQ��pMv{��Wv{��S��q�a-Q�GQ�?�e?q℄ W��n?u℄�De�GQ��)$e1-Q�Es��"*q℄ W�A��Q4�vq℄�q)�
M!�a
sYGZr:EV_�� PCA/PLS ��9��U℄g℄��a�WO����v\?�x�g(di~��&}#Vk4jAA��:<De�u)℄�a-Q�?�-"}?=#V�%=-"�;�}��vDe�u�q)��a-Q�GQ,}v�'I��4��Nv1O#*H;�Qt�PCA/PLS )I℄:oB “De�u ” ��[�
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�
2.2 ����pi-}n
WO���uoB�0P$}℄��a=Ii~:?EV?8�*y�:<���oB�0P$�9)IBn℄��a��::<��O / ��O{s�Qt�Eu}v<�=Ii~�9�Vu℄T:<���uoB�0P$�
	�=I~�;3~v:�%y/�^WO���0P$X3 (�6��:�$��O�?$), ��uoBl%<i~�9
�V:�^�nd�℄��a=Ii~�9:�WO�a�� X �0P$�9dP=�H30MM A 0P$� B 0P$�A 0P$�9�e℄gDe�u����/q�a-Q
qA6q*j:<De�u�GQ,�[x1,jx ,k, · · · , xI,jx,k]T, e:�$��O�?$oB
(x̃i,jx,k = (xi,jx,k − x̄jx,k)/sjx,k, x̄jx,k =

1

I

∑

i

xi,jx,k, sjx,k =

√

1

(I − 1)

∑

i

(xi,jx ,k − x̄jx,k)2). g:�$q?�T-Q "���?��=0P$�9)I�~a)[0k�a-Q�?:�Es��"-��4ChT℄��a:<De�u)℄�-$�b��}�E�aYG�0P$�9�Qt!~1�℄��aYG�9:&u℄T�=��oB�,�
B 0P$�9<qe℄g℄�De�u��aA6q℄�� (x̃i,jx ,k = (xi,jx ,k − x̄jx,k)/

sjx,k, x̄jx,k =
1

KI

∑

i

∑

k

xi,jx,k, sjx
=

√

1

(KI − 1)

∑

i

∑

k

(xi,jx ,k − x̄jx,k)2). 0P$�a:
	� ",��O}q�a-Q
(dDe�u(dA6q℄[GQ,� ",��O�Qt�0P$�����^T�a-Q��?�O�Ch�}�a-QGQ,
q℄��u��[�"7-$�b�$F B 0P$�9
�aYGZr:S A �9�℄��
B �9�`|
goB:�W℄��a�����
�V:|h�^�℄��a�6Q�� Y }?5O����)0P$?�A℄",�X��O�?$�oB�,�E ỹi,jy

= (yi − ȳjy
)/sjy

, ȳjy
=

1

I

∑

i

yyi,jy
, sjy

=

√

1

(I − 1)

∑

i

(yi,jy
− ȳjy

)2.

3 <j3x�L���_
	d�u\JC<�0�nd�℄��a1v=Ii~�
sYG�9)~1HMW?	1) 9gWO���#�i~�9�ElWO��h��8�#\5O�w���1v=Ii~��S
Nomikos & MacGregor 1h�1�D\HH_ / 1��a�5_ (MPCA/MPLS)

[9∼11]
, S.

Wold �1h�9gWO��\?=�#�w� MPCA/MPLS
[12]

, IB I.B. Lee �K1h�1�'I\HH_ (MICA) �[13]
, ): MPCA/MPLS }�0U℄aM�?�=I�aYG~��2) lq= PCA/PLS ~�*vU℄g	�-	oB��℄��a����S�

Rännar �1h�W�UYG"9[14]
, IB Lu �1h�Hq, PCA/PLS i~��9[15,16]

;

3) )*voBWO���Ws�H}~���S4�QU (PARAFAC) ~�� Tucker ~��[17∼20]
. kt)F��/℄��a�:�W-��Q��Es�B"*-��?�9g[��9�V�"9;vPhn�u
℄��a�=Ii~^nh�!+D�=O
��\h}M!�a+}℄��a��1v$7��=Ii~�9v'�9g1v=I~���aYGF�&'Sj�yB�=Ii~q�8��a��;V:WgFt��1:#VDek4j�-QGQ,�Qt�=I~�>Y�}#VDek4j�a-Q�=I-���S-QWd�",��OIB-Q)℄�v{����O�b��	����=Ii~�\O�\)g���a��)IM$\�O��l_? =IH;�F1v=I.0�'SD\H.℄� Hotelling T2 =IQIBD\HCO.℄�uG^O �



3 ( d���
^	�Æ?Kk�n�t[I 403� (SPE)
[1]

. 9g1v=I~���aYG�}
sY���a���1v=I.0}LM�y:�=IH;�����ahnPV4�1�a-Q����?8��a-Q)℄�v�{f7imG-$q�#VDek4jiI�=I~�\9H�}��k4j�a��(^n�=I{f��l�11v=I.0Xh)/U�/3r�1xPVkeO4�7i�OHI����-k��'SqqD (Contribution plot)
[21]

, Fisher �3H_[22∼24]��vPV�1v=IQ:�	���1PVk4��a-Q��aYG;)Irna��v�bA�v�yQ�-�n��jxlH3�^W?℄��a=Ii~�YG�9�,|�7�B/b�Fa�kTR�q=�9�9%yB�+l+hd=�9��℄!
�v�{KB`B��	P�
3.1 ~#���*)�p�jts

S. Wold g 1987 ��1hT PCA/PLS ~�
\O��.℄�/b"9 — 1�D\HH_�1��a�5_ (MPCA/MPLS)
[25]

; 1994 �� Nomikos & MacGregor fk%N	 MPCA/MPLS ~��U℄X,�1hT9g MPCA/MPLS ~��?fW℄��a�YGl�-"9 [9∼11]
, 4Qt\M℄�k<�a1v=Ii~l�aYGZr��9K�Nomikos & MacGregor�"9
%V:0MM NM-MPCA/MPLS "9�I,��V:

S.Wold�1h�\?= MPCA/MPLS"9[12] <3��V:P	-	0M� MPCA/MPLS". NM-MPCA/MPLS.

NM-MPCA �yBEVa��l℄��aWO�� X(I × Jx × K) 2Rq℄���#M5O�� X(I × KJx), 0P$oB� (A 0P$) 	�� PCA H_�mF�X(I × KJx)�q?�}?℄�De�u�(dGQ���)Wv�Æ}:<�a-Q
:<A6q*�GQ, xj,k s\�/ X(I × KJx) ��D\HH_rO[}h�℄�De�u)℄{
��OIB:<-Q
:<A6q℄[���O�b:1>D\H��6
	�
PCA ~�N�
T�a-Q)℄�pMv{��f�
T�a-QWd��:{
�Wv{��t~�I"h:�D\H
H ti ℄{T� i u℄�DeGQ��:�
�D8�a�b�4D\H ti(i = 1, · · · , I) �-$�b (E�O�b) 7nT:<De�u)℄�-$�V�aYGqF?gP�6Q�Æ)u℄ MPLS ~��� MPCA ?��MPLS )$\}℄ PLS "9
	5O�#���6Q��)℄�1�{f�

MPCA/MPLS~�l?u℄�DeA&	(d��(s\��Q�e?6%�4M-M�O�D\H�Q�4
D\H�~�CO.℄H3si1v=IQ���aYG��MQR�
s�aYGq�MPCA/MPLS ~��8�0A6q*0DeA&{��,q℄	�-QGQ,�uI,�$F�Nomikos & MacGregor%R MPCA/MPLS "9<q1hTW=P:GQ,uu�9[9]
, Cho & Kim1h?=���9[26]

, H℄Ft�℄��a��:1\P:GQ,�uu�)��mF�
sYG"9�PE�IB`GPVk4�Yz)
�~a)[  gP:��uI,�PEa)�M1\9g MPCA/MPLS ~�
sYG"9����?�WF�~9�}l℄��aH\VYUDeq,�iIqUDeq,� MPCA ~���6)I℄�8uG�P:�����4�t? a)[1\
sYG����Kosanovich�[27] g 1994�l MPCA U℄g?��℄>Uk<�aq.h��/�a:P{m�d:<- �>Uq,H3iI MPCA ~��)IjTPE�d��YG4�-�a:hn�PVk4�Dong � McAvoy
[28] /?!~vKDJ$#>U.�℄��aiIEs� MPCA ~�qL4%T Kosanovich �K�}��Y\�[29] 1h1~� MPCA �9q;4��A��a'sl℄��a��)-�"HMVYUw,4iI1 MPCA ~�3jdHgv�`G��-�rq��Louwerse �[19]Æ}
?u℄�DeA&	"�">VY0M��℄�De#v00M�q*���H3iI MPCA ~���6)I'+
sYGq�8uu�P:GQ����Q�[�
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? a)[1\T MPCA/MPLS ~�YGPVk4� )��)��}\?�x����9mF;1lTYG~��Q�)�9g MPCA/MPLS ~��aYG�9�\?X3}�MPCA/MPLS�i~/�}WO�� X(I × Jx ×K), 4:�W℄��a���\9��\WO���:�WDeA&}℄�k<�a�?%/X3�$F�℄��a}��ukaI��k ?QiP��gd=d6�yQ��S/��X��y?V�6QOP�9gEq℄f0���AAf=��k<�a:)�}	H��?QiP�Qt�a���W);:)�H�v<�:�W℄��a:?aPKoB�94}�$FFt�#V℄�De�u�d:<���W)��}�a-Q����?
?8�q℄,	9%?1�/g�=9��dP=EVa���9oB℄��a:�W����?=�9[M “a+W)9 ”, E�	a+�?u℄�De���l)k�℄�De��x>u
)t&�da+���W)[30,31]
. �=�9kT8:�a-Q�?
pr=H�e?1)F�+8:℄��a�D8De&$�

prq℄,	�Xha+W)��=H��:4pd?8��a�b�mF��=�9/�℄g��W)�OP:"*?�94�\F?=�9}℄aWDeA&���i~�F�l+℄�DeA&:(B��=H���e “B&�� ” oB[31]

. Nomikos �
MacGregor �iO[11]

, ℄?��� “.x ” -Q�8�aA6q℄�l:<W)�-Q�?=?\<6�W)�(T� “.x ” -Q8:	1) )
"℄�DeA&:*a��-$�2) q?u℄�De:� “.x ” -QZd<6�,v,�{�,�W)=?$��arO[v�g?��L,�a�El “.x ” -Q"�A64I"/Ugq “.x
” -QA6���a-Q��,�d�k<�aEr{
�6� “.x ” -Q�'S��>U�a:�>I�VQ[32]

, >Ua)[33,34] ���}�lyv�a-Q;�a
A68L,�9=?$\v<W)�=s)�3�=yv�a-Q�Wv{B-Q)℄�pMv{{f�\F�4:}qk<�a:&{
�6� “.x ” -Q�
1998 ��Kassidas �[35] U�℄"*q℄�= (Dynamic time warping, DTW) �9:} ℄��a�:�W��X3�DTW �9,|gpRs3Zr[36]

, );���� C�9b8)'P:<��?��=�-��%--��P��?��Aa��a<<<P:<W)h0:<�O���?�MTVZ DTW "*(`�a:���{n��" )X3�\{�[37] 1hT�Ew DTW "9�9gyaU��"9�mF� DTW�9�ke/�;V}P��?�DTW U℄g:�W℄��a��q��8uk N?0P�℄�De�-Q�?�XREF (Jx × KREF ), F�l��1:(d#V�℄�De���Xi(JX ×Ki)(i = 1, 2, · · · , I), B?<uk N�0P�?��<<De�a<u
(d#VDe��&�d<6���W)�KREF . eM?=��uoB�9q�DTWEr)IEVd��<<:<W)�℄��a��[38]
; �}�
s�aYGq�Wa�a:H	hnTPVk44�1�a-Q��?�A#V�?�DTW 
s"9D;�I"#
��:�℄��a-Q�?�0P�?�a��A:rnW)<<��mF3
? a)[3XPVk4���- �n�v��)`G��4$ DTW �=�v�- f3fP:�v��-a �:j~�5I�
 Rothwell �[30] ��9'tke:�e�L1	�9g DTW �:�W℄��aYG�9
v�`G��-qh0:Sa+W)9�.x-Q9�

1998 ��Wold �1hT9gWO��\?=�#�w�1�D\HH_ [12]
(a[

WKFH-MPCA), E�^�a-Q�O��lDe�u�A6q℄[����W�#\^��5O�� X(KI × Jx), 0P$��� PCA/PLS i~�
�5y:�1B��=0P$�9 (E B �9) �^T�a-Q��?�O�Ch�}�a-Q
"De�u�Deq℄[�-$�b�g�=��?`�0P$�9:�Ch�u)℄��O�b�9
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^	�Æ?Kk�n�t[I 405gt~��YG�9/v�:hzZ[20,39]
. �}�S�
i\ X(KI × Jx) ���<q�f>h/U�A6q℄`\��Q y(KI × 1), 4iI X(KI × Jk) � y )℄� PLS ~��t~�:�)I*v/:�W℄��a���i~�46)℄:
suG℄��a>Ua)8\�) (Maturity index). \F�9gU~��
suG�9:�8uuP:GQ����~ NM-MPCA/MPLS A℄� A 0P$�9)I? a)[?k�a-Qq℄��[�Es��"-����a-Q)℄Md)�{
Q��Es�g�{f��/℄��a�Es�-��Dong � McAvoy lEs�D\HH_ (NLPCA)

[40] /bU℄	℄�k<�a�1hT1�Es�D\H~� (MNLPCA)
[28]

. � MPCA/MPLS ?�� MNLPCA�klWO�����#M5O�� X(I × KJx), F�/ X(I × KJx) dEs�D\HH_��/℄��a-Qq℄��[�"-��Chen � Liu
[41] 1hT℄��a"*D\HH_�"*�a�5_"9 (BDPCA/BDPLS). )9%yB}l� i De�u� k A6q℄��� xi,k 7�\ [xT

i,k, xT
i,k−1, · · · , x

T
i,k−d]T, E�
TI0����b�F�	e

MPCA/MPLSH_�): d}q9W)�4�/De�u��[�"-��Flores-Cerrillo �
MacGregor

[42] 1hlI0De�u��bST MPCA~��Eg�Lee� Dorsey
[43] �9gO*.℄~��=IYG�9�IB Lu�1h�5O"*D\HH_"9 (2D-DPCA)

[44]
,Æ<q%eq℄��u��[�"-��/g�u��[�dq-�a-��℄��a�

Lee � [45] 1hW�U1�D\HH_ (Adaptive MPCA), %RDe�u���Bgj�
MPCA ~�I�U���a-��'I\HH_ (ICA)

[2]
, }� PCA n�v��?=1v=I�9� PCA ;�1>���O�ba1�#pD\HrnnO�4 ICA ���}?kyv-Q℄�{K��4pd#p����g ICA )I1>E\�H;�\H�Qt
oB"*�a��q�ICA' PCA jd`|�� MPCA/MPLS �9?��Yoo �[13] l ICA U℄g℄��a�1hT1�'I\HH_"9 (MICA), EklWO�a�����#\5O����� ICA H_�Lee �[46] 9gWO��^��#�w1hT\?=MICA ~��
9g ICA/MICA ~��℄��aYG"9�9m[��{�J�7[47] IB�Æ�[48] H31hT9g&Z�Q=�[Mr���"9℄I1\ ICA/MICA ~��v�`GB�-���a41)�

ICA P PCA )�;\M℄��ai~lYG�?8k��
3.2 ��zlp.�"�j$u�r�j�s$F��0�?U℄g℄��a=Ii~�
sYG� MPCA/MPLS ~�)Id��Y��a�"7��O4�46	�VY+Æ#��V��/b�9g MPCA/MPLS�
sYG"9IBoB:�W�a�Es�8"-��v{"9;>
T�1\n�U℄��}�\hS��/8A℄[�WO�#��b�l?u℄�De�(d���e?=I6%4iI MPCA/MPLS ~���pd�9vh%*wuGP:GQ���X3�\F�;���?<H_℄��a:<q,/De��IBP�6Q�X�{f�Qt[��9:�℄g1w,�℄��a�1Dew,)ILM}�1℄��a�?zd- �mF�qDew,&d)- �/3�0�/3���d:<��aD�-Q��a- �Qt�/1w,℄��a�=Ii~�
sYG:��8H_�a�"7��O4}L#VjUUeTH_�a�q?DeUw,}L#V�dDew,)℄��*}L#V�

Rännar � [14] g 1998 �1h�9g PCA ~��W�U℄��a
sYG"9�A>T�E�w�HK1~2 PCA ~�{s (Hierarchical PCA)
[49]

. U�9:�8uuP:GQ,�<q;)�℄g1w,�℄��a�HK1~2 PCA "9ag Wold �[49] g
1996�1h�l5O��H`\VYv/'I�U�� X(n×m), /��U~2�� PCAH_
	�K~��F�/U~2�D\H(`\�
H��	u PCA i~
	[K~



406 Z $ ' & � 32���HK1~2 PCA "9)1\~��)}��4dHgV�v��-��J� Rännar�[14] �ulHK1~2 PCA "9U℄g℄��a�H_�i~�YG�=�[50] 4�TU�9
1w,No�7s�a:�U℄{��W�U PCA i~lYG"9�9%yB}�l℄��a�WO�a�� X(I × J × K) 2Rq℄��5`\ K q℄���
X̄k(I × Jx)(k = 1, · · · , K), lqq℄����e?~2�F�U℄HK1~2 PCA "9�%Rq℄��?<?j�HK1~2 PCA ~��
sYGq��℄/UA6q℄[�d PCA ~�I"/Uq*�1v=I.0��/℄��aVe�1Dew,-��Lu � [15∼16,39] 1hT℄��aUq,"H"9�9gUq, PCA/PLS ~��
sYGB6QuG"9�IB�℄g:�W℄��a�V�"9�Uq,"H�D8A�}	1) ℄��a��a-Qv{{f4:}%RDeq℄q*-$�4}i%�a	==3�-$4-$�^nhHq,��2) $F[t��*v6>�a���9%yB��}D)IEVPK�v�a��:6>�a�=I- ��a=I- �-$:E-�a	=��=3�-$�3) h��a-Qv{{f�-$l℄�DeA&"HMVYUDeq,�<?Uq,	�av{��e��?1�:<�Uq,7nhmG:<�-Qv{{f�QM
dUq,:��a���dv��v{�~w (ED\H~���Æ��), )l��~w�:��eMUq, PCA ~��B�����6� PCA )*vU℄g℄��a���i~�

Rännar ��W�UYG� Lu ��Uq,YG�9&}k�℄��a�WO��5`\?fW�5Oq℄����F�*vU℄ PCA ��9�P?�9&:�8uuP:GQ,�6�℄g1Deq,�℄��a��} Rännar�~��{sQ��I"Q�~�)��j��a:�0xq*�~�^Ol*?X��xq*�~��)�~��a��O�Uq, PCA ~��{s�g MPCA ~�� Rännar ��W�U~�)℄�i~�a::{
^O>>X3��Uq, PCA ~�}H�pd%e�a-Q
q℄[{
�Wv{-��u
~�/�aWv{��-$:tzZ�
3.3 ~#�� �p�jtsv�#q)�0x�^�P?�9&:}*a�1�H_�9�3.1 y��9}lWO��M$M5O��F�U℄5OH_k��rO}?=-v�1�~��4 3.2 y�^��9lWO��ejh1�H`�*vU℄ PCA/PLS H_�}sz�5OH_�,�%yEl�^�4�QUH_ (PARAFAC) � Tucker3 ~�Æ}*a�W�~� (8[Ws�~�)

[17,18]
, Æ<� A.K.Smilde �[19,20] !1hT?fW9gWs�~��℄��aYG"9�Ws�~�x|�N�}lWO��H}MW��[s�\H�F>��W����Æ�Q1>T�a-Q
/U��[{
�s�{f�FARAFAC~�
W��[�^<6��\H�4 tucker3~�)I
:<��[�^:<O��\H�Qt�FARAFAC~�)ILM}?=d��� Tucker3 ~� [50]

. kT~�{s[�<3�FARAFAC �
Tucker3 ~��s3�w;:<� FARAFAC u℄p8a�5_ (ALS) .s98*v℄`$�9:>~�B��4 Tucker~��.s�9}�N5�k�9 (GRAM)

[51,52]
. {gWs�~��9m�^)IB�Vq[17,18,51]

. 9gWs�~���aYG;��-��a��	�Ws�~�AX�
	��Æ�QIBCOQ}L�i~���dmGO3:> �a}Log#Vk4��
S�/�Æ�QBCOe=I`4�X3[4pd\���9��0�/�W Ws�~���Æ�QBCOM�#*H;�F�>#*H;�
95% 8 99% /3reMYGq��-A�[53]

.$F�v'g))i~�9�9g�a���=I~��di~PK�~�az�:�8eT��a=B's�`���}�H�A;g�a���~���?$U℄	Ft



3 ( d���
^	�Æ?Kk�n�t[I 407��1:\Phn��De9f�46=I~��)}���'tO���uxh�a�%6- �rO[�=Ii~��aYG�9:j�rOMN�4:}S�i~�4}S�}�~��MTu9=I~���B��van Sprang,Ramaker�[54∼56] 1hl1v=I~� (E�y~�) �9g�a=B8's�~� (E�Y~�) v{��iI(T� “/Y ” ~��“/Y ” i~�9v�g
=Ii~qlF=�a's�e��9f�Qt��a�9%yB (E�a's) )3T	=I~�:�u
=I~��dj��}��J��B���0�H	hnT9gWs�~� (Tucker ~�) �/Y~��4
?iP�Æh�(�k<�a:
	T���4%{�[54]
.�))?3�YG�9v'�Ws�~�gy�TW��[�a-Q)℄�v{{f�
��H_�v�}�[�d? �`|��)i~�a�gQ���0
℄��a:+pd
	�?�U℄�{g:<YG�9��7��'t�)B� Wise �[53]

, Westerhuis �[57]
, Van Sprang�[58] �v{Vq�

4 .��Lo#�℄��a�=Ii~�
sYG	�TpF��7��HZ�H	\M?'�-Y�+ÆZr��℄7:���?��Zr\og,<w,�tM\��Bh"9Is��1v=I~�MD�4/g�dt4Es��"-��1ke�IB1P��k</��Bh+Æ�rOU℄&ld_B�%Rv{Zr:d=�9�HZ�%B�9g1v=I~���aH_�
sYG�dEV�8�7�0
�v�0�+Æ;|:$�dIjF�X3�8e�?<�+Æ�
1) A6X3�nd�Bh"9~&W �℄gi~��a-Q�6Q-QGQ,�dz ��?1�A6�f��}�rOk</�4:l_�?W ��SU)�)J�_Q�-Q)I3 A6�4 "HUQ��)� PH ,�-Q�rOA6�fÆm�1�nd�9�k<U℄:�4pdd�H℄��)\�A6��a-Q�b�4}l)t��fn�����f�-Q�e�f?1��=oB�,mFpdd��H℄nd��bS|�
[t&�`GD23 7��<q�+Æ1A6�f���=Ii~�dO��BhlU℄0
�
2) Es��"-�X3�$F�/g�X3�+ÆH	Pi?�\��D8A:
1v=I~��f	KkGIB"*q℄ WH_�9�{���}�~1��9/}lM!�a:�v{�9e���/bU℄�g℄�k<�a�Es��"-�X3�'M!�aQ����"9�rOU℄MF{
~Q�X3pd} �
3) 1ke�81P��a:�=I~��)C+�X3�iI?=I~��8��De9fjH#�Ft���;�8�G? �KJ�℄J��JS|�/g1ke�81P��a��LH℄Hd��a's�l�ke9fjiI�=I~�������V�#d��$�u)�3��℄g�ke9f�=IH_�
sYG��}?d�)DEVdMN�+Æ���S�\n�))ym~Q�+Æ\%�4~~'+P��+7A&�
4) A=IH_��aYG�v��-�6Q/3g?7�f=aIBP�$X3�lnd�\��9d={��`$aI�a<�\r℄�'GP��}'+ke��a<�0�;}�8~Q'+AT���)?�
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5 |�q�a���P�6Q}k<iP�[�+3�MT1\�a���VZP�6Q�W
20 zQ 80 ����'+K{��akant#vU�℄1-QAX�9H_k<�a:>>{nT�p��Ft��1�>
T℄KÆe�C$�tPiT9g�a��=I~���aH_�
sYG�v�`GB�-�UGQ��a�P�`$��87����Zr�/iP�a�
sYG:�)IM�akan1od{�a��O*�Bq�b�46)IM℄��a�`$�P�6QV�1o)8�.��OH�g�?+ÆZr#og7��a:�+{
:℄X3��)70�e℄}�~���d�8�+Æ.℄�?fWHZ)��℄��ai~�
sYG"9)lE""℄��ak<�W_�<�=O7��M�R�`31o\6QP��<q�+)�k��T.���i}��P�y�S|���*��1o��jT?8�\��`3�R�
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