
xO�iDU� �� �DN�vW swra QO C�k�kLD OQ�W�B xOmWywSB u�� �rY� hOy
	CU� Q� R ��yVwQ R�

��hrDNt u�QoWywSB u��t �Q�mty w pt�aD ��Q��U�vt QDU� O�H�� ��
���Ya�R�UrOtw�DN�vW��Ya�swra �xv�tR QO xS� wx� u�Um� j�qa

�x a r� � t ��Q � � D� k � k L D �� yx� o W �� tR� �R�O v�x�Q w O� H �� ��
�� �W� � ��U� vW Ov v�t �DN� vW ��yQ� D iQ O�H �� QO R et Vk v
R� xO� i DU� � � � m �QO� s � y� i t !�R D v� w xHw D �� �� v � � �Uw D
�fMRI wERP �u��DUNv QO �OL�wlDC�F�D�k�kLD ��yl�vmD
��rrtr�u�� w �rN�O �WRwt� ��yx�oQ�m w �tra ��yQ�v�tU �Q�RoQ� �"
��DN�vW��Ya� swra �xv�tR QO XYNDt �v�Uv� �wQ�v VRwt� �$

���vW� ��Q� xOmWywSB u�� �WywSB ��yKQ� R� �LQW �Oa� C�LiY QO
�CU� xOW Tmavt Q��N� u�oOvv�wN

wQ�m QDmO CU�� Q x� 
OvtWwy ��ysDU�U �xOmWywSB� �" � p�U QO
QDmO �"  p�U QO w OW T�U��D �O��v� ��yVv�O x�oWywSB QO Tmwr
�"#� p�U QO �CiQ o xOyaQ � �Q xOmWywS B CU� � Q � v�LwQ u�y�W
x � �mDU� u�UL QDmO w OQm Q��e D �DN�vW swra x � xOmWywS B s� v
R� V�� xOmWywSB u�� QO Q��L p�L QO �OW xO� RoQ� xOmWywSB CU�� Q
swra 	p��k R� �DN�vW swra x� �w� Qt �tra ��yxRwL QO jkLt $�
pweWt �U�vWv�� R w �awvYt Vwy ���Ya �R�UrOt ��DN�vW��Ya�
�QDU � w ��xDWQ u� � �xv�tR l � �DN�vW��Ya� swra �O v�j�kL D x �

�CU� �tra hrDNt ��yxDWQ �Q�mty w pt�aD ��Q� �U�vt

Cw� i Dt O� a �� �DN� vW sw ra �xOmWywS B QO � D� k � kL D ��yxt� vQ �
sw r a �� D N� v W�� Y a� sw r a O v v� t �Q V v�O u �� R� � aw v D t w
w ��Ya ��yxm�W �u� � R w Q� Dio �l � R�iwm ��U �� D� �U�Lt��Ya�
C�F Ovv�t �awvDt �D�k�kLD ��yVwQ �OQ�o�tQ� QO �awvYt Vwy
x� xDU��w �Ret ��yp�Uv�DB �Q��Wwy uwt�t w u�Uv� QO �Swrw� R�iwQDmr�
Q�R�� w u�� R �U�vW�Ya w Ret R� �Q�OQ� Q� wYD �l� R�iwm��U �l� QLD

�CU� TQDUO QO �w� Qt ��yx�oW��tR� �� x�Qty �D��U�Lt
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OvDUy ���W� �Ov�xk�� w ���U�vWx� QO�k xm �y�oH�o QWk QO ���ypwrU
R� �Q�os�tYD pQDvm w ���v�� l �QO� QO �Q�PoQ�F��D u�mt� C��F� u�vJty w
xrtHR� Ret R� X�N �L�wvx� �m� QDmr� u�� QH R� �tm Q�O�kt j� QRD j� Q�
�t QDj�ta syix� !wtHt QO �yxDi�� u�� �CU� xawtHt u�� Q�N� ��yxDi��

�OQm Ovy�wN ltm CN�vW ��Ya ��ysU�v�mt R�

sDU�U QO CN�vW �vwQwv ��ysU�v�mt QDy� lQO �t COt Ovr� hOy
��ypOt ��� QHD ��yVwQ R� xO�iDU� �� C�k�kLD u�� QO �CU� ���v��
�vwQwv ��ysU�v�mt ���Ya sDU�U �UwD ���v�� ���vO �R�U �O�tv
�OvQ�o�t Q�Qk xar��t OQwt xHwD w �m �QO� �Q�oO�� w s�y�it p�mWD w !�RDv�
�m� QDmr� ��yp�Uv�DBC�F w �tH�yD Q�e ��yVwQ R� xO�iDU� �� u�vJty
hWm �OvwW�t �UQQ� �DN�vW ��yQ�DiQ w G�wt� u�� ���DQ� u�Uv� Ret R�

R et OQm � wQ u �� QO �Ck� kL QO
Q � v QO � y� �U �x � aH uw J t y
� � u�w D� t x m Ow W� t x D iQ o
MU� B Q � � e D �o vw oJ �x a r� � t
� � ��DN�vW v�wQ C��YwYN� u�
�OwQw ��ylQLt QO Q��eD O�H��
�UQQ �x � ��m � R�i C��YwYN�

�CN�OQB u� OQmrta �xwLv

�U�w� x� �U�vWv�wQ �xN�W u� QD�t�Ok u�wvax� l� R�iwm��U �xJN� Q�D
���vO QO O�O u�Wv QvJi xm �v�tR �va� OOQo�tQ� �Oq�t syORwv uQk
��v�t Q� �Q C�m �QO� w �yTL u�wD�t l� R�i ���vO Ovv�t R�v �U�vWv�wQ
l� R�iwm��U xYqN Qw�x� �Owtv �Q�oxR�Ov� �DN�vWv�wQ ��yT��kt
w CU� �m� R�i ���vO w �U�vWv�wQ ���vO u��t �x���Q �xar��t p��vO x�
OQi l� �UwD xm lQLt R� �Q�Okt u� QDtm� Ovv�t �Dq��wU �UQQ� x�
wO u�� j�QDi� p��k Cw�iD u� QDtm� �
�CU� QOkJ OW�� ���U�vW p��k
Qo�O ��ylQLt lQO Q� lQLt l� �x��Q� QF�� �
�CU� xR�Ov� xJ lQLt

�OR�OQB�t p��k u�� R� �Dq��wU Qo�O w �
�CU�J
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xm ��xr�kt QO �CU� � ��v� � swra �xRwL syt Cq��wU R� O vQ�o�t v Q�Qk
A�Jx� ��Ya� swra CqHt u� QDQ�Dat R� �m� QO xOmWywSB u�� u�kkLt
xOW xO�O u�Wv V��tR� u�OvJ s�Hv� �� ��Neuron 
���� Ov�xOv�UQ
�yv� lQO x� QO�k O�Qi� xmv�� seQ�ra �Q� wYD C��YwYN �NQ� xm CU�
���v�� �x�rw� ��yVR�OQB Q� �yvD xv �Q OwN C�Q�F��D �OvDU�v xv�y�o � CQwYx�
sDU�U �Qo�O u���x� �Ovvm�t p�ta� R�v Ret �yHwD x�r�a p�ta� Q� xmr�

�OQ�PB�t Q�F��D R�v s�DU�v u� xHwDt �t xJv� R� �t �yHwD
!w�wt l� u�wvax� Ret QO xHwD sU�v�mt xOW Ea�� xm �D�mv R�
�oJQ�Bm� �xr��Ut OQ�o Q�Qk EL� OQwt �DN�vW��Ya� swra �xRwL QO syt
OQmrta OvtR��v �oJQ�Bm� u�� 
iL xmv�� �UQQ� �CU� �yHwD sDU�U

xHwD� �xv�tR QO syt Cq��wU R� CU� Ret R� ���yCtUk xJ K�LY
OwN C� k � kL D u � QN� QO xOmWywS B u �� u� k kLt �OwW�t �wULt
sDU�U �oJQ�Bm� 
iL xm Ov�xO�O u�Wv �brain research 
����

�CU� Q�PBu�mt� u�m �tm Ret �xQmt�v wO u�� ���Q ���e QO ����i xHwD
�oJQ�Bm� QO �QWk Q� R �L�wv �r�tDL�Vkv �xOvyO u�Wv xr��Ut u��

�CU� ����i xHwD sDU�U

xOW O�rwD �m� QDmr� ��yp�Uv�DB R� xO�iDU� �� Ret QO C�aq�� VR�OQB
�xa r��t ��yVwQ R� �m � �OQ �P B�t CQwY ��Ya ��ypwrU �Uw D
�� ��DQt �m� QDmr� ��yp�Uv�DBC�F �
CN�vW� �vwQwv ��ysU�v�mt
��yp�Uv�DB VwQ u�� QO �CU� xtHtH K�U R� Ret �DN�vW ��yC�r�ai
G�wt� uOwt v QD r �i R� T B w O vwW�t nQR � Q ��Q � Q�Ry O� DWy � D �Ret

�OvOQo�t VR�OQB �DN�vW C�r�aix� xDU��w ��yp�Uv�DB �xDU�wN�v
sDU�U �R�Ov�x�Q x� s�Ok� xDWPo p�U QO �DN�vWswra �xOmWywSB
��yxWkv �x�yD w ���kwO �R�UrOt C�v�mt� w C�F p�v�m �$ �� ERP

�CU� xOQm �BEAM� Ret �m� QDmr�

p��k s�N CQwYx� �EEG VwQ hqNQ�� �yxO�O �ERP �xar��tl� QO
x� �w� Qt C�aq�� xm CU� xO�O u�Wv u�W�B C�ar��t �CU�v xO�iDU�

� ��v� � ��y��N Q�Ui D � � u�w D�t l � R�iwm ��U l�vm D R� xO�iDU� � �
xar��t �Q ���v�� CN�vW QO Ret OQmrta �ovwoJ ��visual illusions�

�O�vm xHwD xOW xQ�W� ���v�� ���N xvwtv Q�yJx� p�Ft ��Q� �OQm

���QW QO w QDw�Bt�ml� �� �DL�Q x� l� R�iwm��U ��yV��tR� R� �Q��U�
G�wt� C�F ��yl�vmD hqNQ� xD�r� �CU� s�Hv� p��k xOW pQDvm �Qwv
OQmrta O vQO�k xm �Ret OQmrta �Q�OQ � Q � wY D ��yl�vm D � � �Ret
Q�Qk �UQQ� OQwt �Q u� ��ypwrU lDlD �DL w hrDNt ��yTmDQwm
QO QDW�� OwW�t xO�O MU�B l� R�iwm��U VwQ �� xm �Dq��wU !wv �OvyO
lQO sDU�U Ovv�t Ret �OQmrta hrDNt ��yCtUk Q�DiQ �ovwoJ OQwt

�CU� ��� w xHwD sDU�U �CmQL lQO ����W� pmW
�xv� Ry seQ�ral� R�iwm��U OQm� wQ
Vkv uwvm �D CU� xDUv�wD u� sm
OQmrta �xwLv ���U�vW QO ���RU�
�O v m � i �� �system level� R e t
R� �DN� vW sw ra �xOmWywS B QO
Cq��wU x� MU�B ��Q� OQm� wQ u��
xO� i DU� � �� v � � l �QO� x � �w � Qt

�OwW�t

xm CU� �tyt C��YwYN xrtH R� xHw D sU� v�mt OwHw xm �H v� R�
s�Om Q� �yHwD ��ysU�v�mt xmv�� �OQ�O �t �y�o �OwN �� �m�ORv ���DQ�
u� Q� F�� D CL D � ��yC�r�ai xJ w O vOw � Q F�wt � ��v� � VR�OQ B R� xrLQt
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pmWt �CU�yv� O�OaD w �yOwQDmr� j�kO u�mt uOW XNWt 	��D �O�� R
inverse� Twmat �xr��Ut pL �p��Ut Qo�O Ovv�t �Cr�L u�� QO �U�U�
Qo�O u���x� �OW���t �y��wH uOw�v OQi x� QYLvt �va� ��problem
�v�Um� Gwt pmW Ovv�wD�t ��We �wQ Q� C�r�ai R� �irDNt ��yV��Q�
����yZQiV�B T�U� Q� CU� Q�J�v jkLt Cr�L u�� QO �OvQw� O�OB �Q
uwDU u���B pmW �Ovm ��NDv� �Q �yMU�B R� �m� ��yC�r�ai �oDUw�B Ovv�t

�OyO�t u�Wv �Q u� �v�mt p�rLD w ERP �xOW C�F Gwt �p�k

C�aq�� x � �UQ DUO sU � v� m t �UQQ � ERP ��yOQ � Q� m R� �m �
xm CU� xO�O u�W v Q�N� C�ar��t �CU� x�i�L QO xOW �R�UxQ�NP
QO �WRQ� �� C�aq�� Ov�wD�t Ret R� �Y�N j��vt R� xOW C�F G�wt�
u�kkLt Q��DN� QO Q� w�YD �Qw�O�� x� u�L QO Ret OQmrta �xwLv OQwt
�L�wv QO xOW C�F �Ret G�wt� xm CU� xOW xO�O u�Wv ��Q�N� �OyO Q�Qk
R� x�L�v s�Om QO xOW xQ�NP Q� w�YD xm Ovm XNWt Ov�wD�t Ret �irN
Ckwt �x�i�L QO �yxO�O R� �tHL xJ xmv�� �� w CU� xOw� V��tv �xLiY
�Q� wYD �D OwW�t xDU�wN OQi R� C�ar��t p��k u�� QO �OwW�t �Q�Oyov

�Ovm xU��kt Qo�O �Q� wYD �� �Q u� TBU w xOQm C�F x�i�L QO �Q

CU� xO�O u�Wv �DN�vW swra �xOmWywSB QO xOW s�Hv� ��yV��tR�
Cw�iD u�� �CU� Cw�iDt �hrDNt Cq�L QO xU��kt u�� s�Hv� �xwLv xm
Q�Qk Q�F��D CLD s�kDUt Qw�x� �Q O�Qi� pta CaQU w u�tOv�Q �OQmrta
u�� QO xOW C�F G�wt� xm CU� xOW xO�O u�Wv C�ar��t u�� QO �OyO�t
CyH u� R� xar��t u�� R� xOt� CUOx� C�aq�� �Ov�Cw�iDt R�v ���QW
X�N �L�wv MU�B hrDNt ���QW QO xm OyO�t u�Wv xm OQ�O C�ty�

R� �OwW�t Ci�� �RDQy �%��&"�� �Uv�mQi Ov�� QO �yvD p�vo�U u��
�OwW�t xO�O Qw�a QPov��t QDr�i l� R� �OD�� �yxO�O VwQ u�� QO wQu��

p��k u�vJty xOW Q�NP ��yxO�O �q�� Tv�mQi ��yR� wv hPL OwHw ��
CQwYx� xmCU� �Ret Qo�O ��yC�r�ai OwHw u�Cra xm CU�v xO�iDU�
p�vo�U Ov�� sy �Uv�mQi Q�v R� w OyO�t �wQ Q�v OQwt Ov��Qi �� u�tRty
��Q� �ICA w PCA Ovv�t� �irDNt ��yVwQ uwvm �D xJQo � �CU� ERP
Crax� �q�� ���Q�m OwHw �� �CU� xOW x��Q� sL�Rt ��yp�vo�U u�� hPL
�O�� R p��k� �� �yVwQ u�� �pLx�Q C�a�k sOa w �yMU�B uOw�v xv�o�
xO�iDU� �Q�ou�ov��t VwQ R� �qwtat Cr�L u�� QO �CU� xOWv wQ� wQ
G��Dv R� �yDv� QO w OwW�t Q�QmD Cr�aiO x� V��tR� �VwQ u�� QO �OwW�t
�Q�OQ�xvwtv C�aiO O�OaDV��Ri� �� �OwW�t xDiQo u�ov��t xOt� CUO x�

�OOQo�t hPL G� QODx� u� uOw� �iO�YD C�P Crax� V�WDe�

�OQ�o�t CQwY �v�tR ��yp�rLD ��QH� R� TB �qwtat p�rLD VwQ u��
xm CU� ���yOrwt pLt uDN�U XNWt QoWywSB hOy p�rLD u�� QO

�Ov�xOQm O�H�� �Q xOW C�F G�wt�

xm Ret R� ��x�L�v ���kwO ��R�UpOt VwQ R� �Q�oxQy� �� Cr�L u�� QO
OL �D VwQ u�� CkO �OOQo�t u��aD CU� xOw� p�ai Q�v OQwt u�tR QO
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Ov m�t Vq D �DN� vW���Ya sDU�U �WR�OQ B �modules�

�Ovm �R�UrOt �Q Ret �DN�vW ��yOv��Qi ��Ya Q�mwR�U

C����DQ� OyO�t u�Wv xm CU� xOt� CUOx� �Oy�wW Q�N� ��yp�U QO
�l�rW Tv�mQi x� �w� Qt C��YwYN Q��Q� QO� ��Ya ��yl�rW �v�tR
�OvW�� xDW�O Vkv ��Ya sDU�U QO C�aq�� VR�OQB QO CU� umtt
��ywor� �OvDUyC�ty� R��L OL xJ �D C��YwYN u�� xmv�� R� Q�vhQY
p��k ��yOt��B �WR�OQB w �D��U�Lt Q�v R� Ov�wD�t �vwQwv l�rW �v�tR
CmQW ��yuwQwv O�OaD xm Ov�xO�O u�Wv �t u�kkLt �OW�� xDW�O �yHwD
�a��D Ovvm�tl�rW u�tRty CQwYx� xm ���yuwQwv R� xDUOl� QO xOvvm
xm �t�ovy �CU�yuwQwv u�� u�� �UB�v�U CQOk �Q�t� C��YwYN R�
C�a�D sm ��vyB �� �Q�t� �a� RwD R� �yuwQwv u�� u�� �UB�v�U CQOk
�� O�� R Q��U� u�tRty ��yxDUO QO xOvvm CmQW ��yuwQwv O�OaD �Ovm�t
	� RwD R� �yuwQwv u�� u�� �UB�v�U CQOk xm �t�ovy �CU� sm Q��U�
��yxDUO QO xOvvm CmQW ��yuwQwv O�OaD �Ovm�t C�a�D ��xOvm �QB �Q�t�
OW�� �ivt �UB�v�U uRw u�ov��t xm �t�ovy �OQ�O �rO�aDt OL u�tRty
��yx �q QO u�tRty ��yuwQw v O�Oa D �OW� � �Q�yt ��yuwQw v � � x�re�
�wQ�B l �v� wW� �DL �� w �� w�vD �� wor� R� ��Ya �xm�W l� �r�wDt
xm�W l� QO �UB�v�U CQOk �Q�t� 	� RwD u�vJty ��� pmW� Ovm�t
G��Dv �CU� QF�wt u� QO ��Ya u�tRty C�r�ai Q�WDv� CaQU �wQ Q�
Q�WDv� CaQU �UB�v�U ��yuRw xOvm �QB 	� RwD xm OyO�t u�Wv �t �UQQ�

��� pmW� OyO�t V��Ri� �Q �vwQwv u�tRty ��yl�rW

V v�O �computational neuroscience� � D��U�Lt ��Ya� swra
u�� �CU� ��Ya sDU�U �UQQ� QO �r�rLD w ���� Q ��yQ�R�� R� xO�iDU�
�Q�mty �xYQa ��xDWQu��t �WywSB u�wva x� ��Ya� swra R� xN�W
u�YYNDt �u�v�Om� R�i �u�v�O���� Q ���Ya� swra u�YYNDt u��t
�rY� OQm� wQ wO �CU� l�D�tQwiv� w l�D�� wQ u�UOvyt w xv���Q Vv�O
��yxO�O p�rLD xm pw� OQm� wQ �OQ�O OwHw �D��U�Lt ��Ya� swra QO
R� xO�iDU� �B QO �OwW�t xO�t�v �neural data analysis� ��Ya
x� �w� Qt �y�oW��tR� ��yxO�O VR�OQB QO �r�rLD w �UOvyt ��yQ�R��
uwQO R� xm CU� u�� hOy OQm� wQ u�� QO �CU� ��Ya sDU�U w Ret
C�aq��CU� umtt xm �Hv� �D �y�oW��tR� �Oa� OvJ w xO�J�B ��yxO�O
u�� w OwW G�QNDU� xar��t OQwt ��Ya sDU�U OQmQ�m OQwt QO �QDW��
OQm� wQ u�� Qo�O hQ� R� �OwW �Ov�xk��l�D�tDU�U ��xw�W x� C�aq��
OQm� wQ �OyO �Q�� �yV��tR� �xv�y� �L�Q� QO �Q u�U�vW �Ya OWwm�t
neural� ��Ya �R�UpOt ��D��U�Lt ��Ya� swra QO QDtyt w swO
xHwD �� xm CU� u�� Q� VqD OQm� wQ u�� QO �OwW�t xO�t�v �modeling

���Ya ��ysDU�U x� �w� Qt �Q�DiQ wl� Swrw� R�i �l�twD�v� ��yxDi�� x�
�ysDU�U u�� QO C�aq�� VR�OQB w OQmQ�m u���D ��Q� ���� Q ���ypOt
w OvwW�t KQ�t �OQmQ�m K�U VW QO sm CUO �ypOt u�� �OwW x��Q�

	OvQ�o�t Q�Qk �UQQ� OQwt

�m� R�iw�� ��ypOt pt�W xm �subcellular� �rwrUQ� R K�U �
Q ��U w � �� � t �W ��yxO vQ � o �� vw � ��yp� v� m sU � t� v �O ��Q �

�CU� ��Ya pwrU �rwmrwtwQm �t ��yQ�DN�U
��YwYN Q�PBl� QLD ��We x� �w� Qt ��ypOt pt�W xm�vwQwvK�U �
��Hodgkin�Huxle� �rUm �y�u�mJ�y ��ypOt syt �xO�wv�N
w �yC� QOvO w �yuwUm � QO ��YaTr�B Q�WDv� x� �w� Qt CqO�at

�CU� OQivt ��Ya pwrU l� �WR�OQB C��YwYN
xm �small neuronal circuits� lJwm ��Ya C�Q�Ot K�U �
OQwt uwQw v �OwOat O�Oa D p�Y D� R� pY�L ��yQ� DN�U u� QO

�OvQ�o�t Q�Qk �UQQ�
u� QO x m �neuronal networks� ��Ya ��yx m �W K�U �
w �UQQ� uwQwv Q�Ry OvJ �D OY OvJ p�YD� R� pY�L ��yQ�DN�U

�OvwW�t �R�UrOt
Q�Qk u�W�B K�U R� QD�a�RDv� ��x�DQt QO xm �l�tDU�U K�U �
�Y�NVN� QO C�aq�� VR�OQB �xwLv �R�UrOt �B QO w OQ�o�t
� �� v � � QWk � � �VI� x� rw� � �� v � � QWk �qFt ��Ya sDU�U R�

�CU� �MT� �v��t �y�oH�o
�R�U rOt K�U u � Q D�a�RD v� xm �cognitive� �DN� vW K�U �
��yVN � u� � t C��� � DQ� u D iQ o Q� v QO � � w CU� ��Ya
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�xaUwD w p�rLD QO QF�wt Q��U� ��yVwQ R� syt ��xDUO �Qopt�a ��yVwQ
Q�v x� �Ov���t ��UL x� 	�Uw T��kt QO w xO�J�B �OvtWwy ��ysDU�U
�xO�J�B ��ysDU�U R� ��xvwtv u�wva x� OvtWwy OwHwt l� xm OUQ�t
u�� C��kQ w pt�aD R� �OvtWwy w xOW p�mWD �QDxO�U ��ysDU�UQ� R R�
R� pY� QO �atH Vwy �DQ��a x� �O����t Qy��D xm CU�ysDU�UQ� R
CUOx� ���ysDU�UQ� R u�vJ �R�UxJQ�Bm� w �ovy�ty ��Qopt�a �xaUwD

�OwW�t x�HwD w xOt�
QqwOt ��Q�oO�� ���v�wD ��Q�DNtOwNC�r��k uOw� �Q�O �Qo�O �wU R�
��yxi��wx� xO�J�B ��yxi��w �x� RHD ���v�wD R�v w �Q�PBxU��kt �uOw�
�rt�aOvJ ��ysDU�U �xv�tR QO xm �v�QoWywSB w u�UOvyt ��Q� QDxO�U
w �Q�mty xmv �� OwHw � � �CU� C�ty� R ��L Q��U � �Ovvm�t C�r�ai
Vr�J w xO�J�B �xr��Ut l� ���ysDU�U u�vJ QO �ypt�a �ovy�ty
�t�D w �OQi �Q�oO�� �rt�aOvJ ��ysDU�U QO �O���t ��ULx� R�ov�Q�

�OwW�t �krD q�� CqmWt ��Q� �rLx�Q u�wvax�

��U v u�tR x � xHw D � � �U B�v�U CQOk �Ret ��yVN � R� �Q��U � QO
xO�OB u�� x� �OwW�t s��vD �UB�v�UTB w �UB�v�UV�B ��yl�rW
x� xHwD �� �Ov� wo�t �STDP� l�rW u�tR x� xDU��w �UB�v�U C�Q��eD
xHwD �� �Q�oO�� Ov��Qi �R�UrOt ��Q� �O�� R p��tD ��y�oW��tR� ��yxDi��
�UB�v�U C��kQ x� �STDP� �atH ��ypOt �OQ�O OwHw �STDP� x�
�t� �Ovm�t �i�� ��Ya sDU�U C�Q��eD QO �Q �tytVkv xm Ovt�Hv��t
��ypOt �OvwW�t �vwQwv ��yQ�DN�U �U�U� �Q�O��B�vEa�� �ypOt u��
�U B� v �U C ��kQ Ea� � � rw Ovt�H v��t �Q�O �� Bx � �STDP� � � Q�
�xQHvB QO ��RH ���Hx��H l� �� xm Ov�xO�O u�Wv �t u�kkLt �OvwW�tv
sy Q�vm QO u�wD�t �Q C��kQ sy w �Q�O��B sy ��atH �STDP� �v�tR

��" pmW� CW�O

Ov���t O�OB hrDNt Cr�L wO QO �Uwtq�D ��yuwQwv ��Ya ��yl�rW
Cr�L QO �OwW�t jq�� �Tonic� OQivt w �Burst� �Q��oQ �yv� x� xm
OvJ ��l� CQwY x� �OwQw �UL lQLt x� �Uwtq�D pwrU MU�B �OQivt
pmW x� �Uwtq�D uwQwv MU�B �Q��oQCr�L QO �CU� OQivt pta p�Uv�DB
QO xmv�� �� �OOQo�t Q�O�OB pta p�Uv�DB R� sm �QDt w sy x� x��W ���yxDU�
��yl�rW xm CU� u�� Q� xO�ka �OvQ�O x�re OQivt ��yl�rW �Q�O��
�OQix� QYLvt C��YwYN w Ov�p�NO C�aq�� VR�OQB QO R�v �Q��oQ
p�ta� �Q�yt �OQwNR�� �xNQJ QF� QO �Uwtq�D l�rW ��yQ��oQ �OvQ�O
��Q� �OvwW�t O�H�� Twtq�D Q� Qqwm�DQ �xDUy ��ypwrU j� Q� R� xOW
C� �YwYN �t�t D �xOvvm x�Hw D xO�U Q�Ot u �� � �� s�yO u�W v xmv ��
�rN�O Q�Ot R� ��xO�U pOt �Q�N �� CU� �Uwtq�D ��yuwQwv �WR�OQB
�xOmWywSB u�kkLt �UwD xOW x��Q� pOt �s��xOQm �R�Ux��W �Q Twtq�D
�Uwtq�D ��yQ��oQ C��YwYN R� �Q��U� xm OyO�t u�Wv �DN�vW swra
x � C�U�UL ��OwQw � � �y v� ��NQ�e �x� ��Q ��y v� �rmW sy xrtH R�
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w C� v�w�L QO �DU � R � ��v� � j � Q� R� l �QO� �xr��Ut x � XwYNx � �t
���v�� ��ysDU�U xm xOW C��F� pta QO xm �QJ �s��xDN�OQB �yu�Uv�
�OvDUy �Q�m Q� �U � u� �awvYt ��yx vwo Qo �O � � xU ��kt QO �a���
��ysDU�U xm s�vm�t VqD ��DU� R ��yxDi�� R� s�yr� �� �t u��Q��v�
�xr��Ut C� Q�Ot QO xm s� Q�wO�t� w s� R�U� u�Uv� x�W �awvYt ���v��
���v�� w Q� wYD VR�OQB G��Q ��yxR�OQB w �ysD� Qwor� R� QD�Q�mC�a�k sOa

�Ov��tv pta u�W�t

���� RQ� w �u�tQO �X�NWD QO �tyt Vkv �mWRB Q� w�YD !�wv� RwQt�
G�QNDU� w Q� w�YD u�� VR�OQB wQ u�� R� �OvQ�O �y�Q�t�� u�tQO C�i�m
�xH r� at p� Ft u�w va x � �CU� x D i� � CQwQ� � y v� R� �t m C�aq��
x� QHD OvtR��v �yQwtwD !�wv� w uwUv�mQ�B �!QY �xDmU uwJty ���y�Q�t��

�Ov��U���vet O�OWD w �QDw�Bt�m �i�QowtwD �mWRB Q� w�YD p�rLD w

�Pr w O vwW�t xDiQo � vwo � vwo ��ysDU�U �Uw D �mWR B Q � w�Y D
�ysDU�U u�� �xO�iDU� OQwt Cw�iDtl� R�i Q��N x� �vwo �vwo ��y�oS� w
R� pY�L �Q � w�Y D� 	�� kt w �Q�o vQ � wY D CyH u ��Q � xwqa �O vQ�O
C�aq�� R� u�tRty Qw�x� u�wD� xmv�� ��Q� �OvW���thrDNt ��ysDU�U
j���v� ��yVwQ �t �Owtv p�rLD �Q �yv� w xO�iDU� Q� w�YD u�� QO OwHwt
p�ta� �mWR B Q � w�Y D !�w v� x � w s ��xO�O xaUw D �Q ��NQ�e w ��N
x� RHD w �Ov�VN� ��Q� �Q �Oa� wO Q�PBpmW ��ypOt u�vJty �s��xOwtv
��Q � �Q �yVwQ u �� �s ��xOQm � �� � RQ� w xO�O x ��Q� Q � w�Y D u �� p�rL D w
�xDUy w Twtq�D �TwBtmwB�y p��k R� �Ret X�N ��yQ�DN�U �R�U�OH
w ���U�vW uOwtv Q�mOwN ��DU�Q QO �Q ���yVywSB w s��xDiQo Q�mx� RtQk
�s��xO�O s�Hv� �U���vet O�OWD Q� w�YD �wQ R� �yQ�DN�U u�� �R�U�OH
�Qo�O Q��U� OQ�wt QO q�� ��yOQ� Q�m Q� xwqa s��xOwtv !�O�� xm ���yVwQ
G�QNDU� ��Q� �Q Q�PBpmW ��ypOt p�Ft u�wvax� �Ov�xO�iDU� p��k sy
�s��xDiQoQ�mx� sy �B wmUwQm�t Q� w�YD R� �ynQ� wt x� �w� Qt �tm C�aq��

QO �OR�U�t Q DxO�J� B �Q sDU�U xJQo � �ypt�a !wv D w �oOQDUo
��Q�oO� � QO K�LY �ovy�ty w �Q�mty ��yCU� �U � � xm� DQwY
q�� ��Q� u� R� u�wD�t �OOQo x�Qty �O�rkD ��yWwQ w �atH xDUO �Q�oO��

�OQm xO�iDU� C�i�m w CaQU uOQ�
s�vm�t VqD �a��� ��ysDU�U R� s�yr� �� �OwN ��yVywSB QO �t
w ��� � Q CQwY x � �Q QmPr�jwi ��ysDU�U �x �� B CqmWt �NQ � xm
�s� wW OvtxQy� �atH �Q�oO�� ����Rt R� w xOwtv hQ�Q� w KQ�t �� QHD
��yxRwL G�QNDU� wVv�O��mQD �Vv�O ���� RQ� 	R� OvDQ��a CqmWt u��
w �ypt�a u��t R��Dt� s�UkD ��ypt�a �vwoty�v �xr��Ut C� Q�Ot ��oQ�N

��Q�oO�� QO �ovy�ty w �Q�mty

QYLvt ��y�oS� w R� �m� C�a�k sOa �xr��Ut uOwtv C� Q�Ot ���v�wD
xm OUQ�t Q� v x � �CU�yu�U v� X�N Qw�x � w xO vR C�OwHwt OQix �
Qw�L QO �DL �L�LY ��ys�tYD xm s� QO�k �� wN x� �yu�Uv� �t
�xr�Uw x� xm u�yH R� �t l �QO� �s� Q�o� ��RH �y�o ��v �� w C�a�k sOa
OOaDt C�a�k sOa ZQat QO �O ���t CUOx � �Q�oxR�O v� w xOy�Wt
�R�Ux��W �Q u�Uv� �m �QO� ��y���v�wD Oy�wN�t xm u�W�tl� �CU�
�ypOt u� T�U� Q� w Ovm �R�UrOt �Q C�a�k sOa �xO�OB Ov�wD� O��� O��tv

�O��tv P�ND� xv�OvtWwy C�t�tYD ��a�kQ�e ��yC�ak�w w
� �U� v t ��� � Q �� ypO t s � v m� t Vq D � t V ywS B u �� QO
�Ambiguity �Vagueness 	Ov v�t C�a�k sOa !�w v� C � Q �Ot ��Q �
QO �s�v m �O� B Partial Ignorance w Randomness �Fuzziness
w �yO�rm �D s� Qov�t xOvR C�OwHwt �m �QO� ��yQ�DiQ x� �t Ov��Qi u��
�DQ��a x� �O��tv �Q�� �R�UrOt QO �Q �t xm s�vm �O�B �a��� ���yQ�my�Q
s�Hv� xOvR OwHwt l� xm s�yO s�Hv� ��xvwo x� �Q �yQ�m xm s�vm�t VqD
w �Q�t���R�i �R�UrOt �Q�t� �x� Q�v ��R�i ��yxawtHt �x� Q�v �OyO�t

�Ov���t ��UL x� VywSB u�� �rY� C�aw�wt �R�Us�tYD
�C�a�k sOa ���QW QO �Q�os�tYD w �R�UrOt R� p�Ft l� u�wva x�
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��Ya� swra C�ar��t R� xRwL u�� �OwW�t �w� Qt �u�� R �Swrwm��UwQwv�
���QW QO �OWQ pw� QO �Q u�Uv� Ret QO u�� R VR�OQB w ���tvR�� �ovwoJ
���U�vW w hWm p��vO x� w �Ovm�t xar��t �v�r�� ���QW QO �� w �a���

�CU� u�Uv� Ret QO u�� R �Q�oO�� ��Q� ���v� Q� R ��Ya ��yQ�mwR�U
�v�� R Q�DiQ �UQQ� x� QDW�� xDWPo QO u�� R �DN�vW�Ya C�ar��t
u�� G��Dv T�U� Q� �CW�O X�YDN� �Ret C�a��� x� qD�t u�Q�t�� QO
R� swra OwOLt CN�vW x� xHwD �� w xDWPo QO �v�r�� C�ar��t R� xDUO
j��vt x� Ret QO u�� R �DN�vW ��yOQmQ�m �yCOt �Ret QO u�� R OQmQ�m
AJ �xQmt� v QO xm� vQw �xk�vt w �mwQ � �xk�vt x � hwQat �Ret OwOLt
QO ��Ya� swra O�OH ��yxDi�� xRwQt� xm�r�L QO �OW�t xO�O C�Uv
���tvR�� w C�y�t �ovwoJ R� �Q �t x�oO�O �DN�vW��Ya� swra �xRwL
Q� xwqa O�OH C�ar��t QO �CU� xOQm pwLDt Ret QO u�� R VR�OQB w
��yxQmt�v hrDNt Kw�U QO u�� R u��� w lQO ���tvR�� �xw�W �UQQ�
Q�DN�U x� xHwD �� �YYND ��Ya ��yxm�W ���U�vW�B QO ��Ret

�OvDUy u�� R u�oS�w ���vat w �Q�aDU�

��Q� �Ov�xWwN ��yVwQ �xaUwD ��t �WywSB ��yC�r�ai Qo�O R�
sr�U ��yCi�� R� sr�U�v ��yCi��l�miD w �mWRB Q� w�YD �Ov�VN�
s�ovy QO Ret p�ai j�� vt uOQm XNWt ��Q � �Q �yVwQ u �� �CU�
�OQmrta �U���vet O�OWD Q� w�YD �wQ R� X�N ��yC�r�ai s�Hv�
��yOQ� Q�m ��Q� j��vt u�� uOwtv XNWt �s��xO�O xaUwD sy�fMRI�

Q� w�YD R� �t �CU� C�ty� R��L Ret �L�QH Q�Ut �L�Q� p��k R� �O�� R
R� w s�vm�t xO�iDU� xOW !�O�� ��yVwQ uOwtR� ��Q� xOW �R�Ux��Wt
�yVwQ u�� ���yv ���� RQ� QO XYNDt u�mWRB C�Q�v w �ak�w Q� w�YD

�s� Q��t xQy�

�m � x � u� U v� R e t QO u� � R VR�OQ B w � �� t vR� � �o vw oJ �UQQ �
u� � R �U� vWu�wQ�Ya s� v x � �DN� vW��Ya� sw ra ��yxN�W R�
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Oy�wW x� ����DUO ��Q� �� QHD w �v�� R ��yuwtR� OQ� Q�m w �L�Q� ��
�u�� R u��� w lQO s�ovy x� Ret l�t�v��Owty w l� Swrw� R�iwQwv
R� �yuwtR� R� xDUO u�� QO �CU� C�ar��t u�� R� �Qo�O VN�
�Q�OQ� Q� wYD �� w ERP C�F !wv R� u�� Rl� Swrw� R�iwQwv Oy�wW
QO u�� R VR�OQB ��yQ�mwR�U ���U�vW ��Q� fMRI p��k R� �Ret
x��B �� QHD uwtR� wO �L�Q� Q��L p�L QO �OwW�t xO�iDU� Ret

�CU� x�yD CUO QO ERP C�F ��Q�

�� �DN�vW��Ya� swra �QDmO �xQwO u�Q�� QO Q��u�rw� ��Q� �"#� p�U QO
�xOmWywSB �UwD 
�awvYt Vwy wVv���Q� w 
CN�vW w Ret�V��Qo wO
��y���v�wD VQwQB ��QDmO �xQwO u�� �rY� hOy �OW Q��O �DN�vW swra
w �D��U�Lt ��Ya� swra ��DN�vW��Ya� swra ��yxv�tR QO �D�k�kLD
u�� wHWv�O �CN�vW w Ret V��Qo QO �xQwO u�� QO �CU� �awvYt Vwy
QO w OvwW�t �vW� u� �D��U�Lt O�a�� w RetVv�O R� �a�Uw ��yxv�tR ��
w ��Ya� swra �� ��Uv ���vW� ut� ��awvYt Vwy w Vv���QV��Qo
u�� x� �OvR�OQB�t OwN �YYND �xRwL QO VywSB x� ��Ya �R�UrOt
�R�UrOt ��Q� �Q�R�� u�wvax� �D��U�Lt w ���� Q ��yVwQ u�� wHWv�O

�OwW�t xO�O VRwt�
w �r�YLD �xv� Ry ltm CQwYx� �r�t ��yltm xOmWywSB u�� QO
��tra ��yTv�Qivm QO CmQW �xv� Ry ��D�k�kLD Q��DUO ��yxv� Ry ltm

�OwW�t CN�OQB xt�� w umUt s�w
Q�RoQ� �DN�vW��Ya� swra �wHWv�O VQ�PB uwtR� xQwO " uwvm �D
w 
CN�vW w Ret� V ��Qo wO QO wHW v�O �� VQ �P B u� �xH�D v w xOW
QO uwtR� u �� �xQwO u�tQ�yJ �CU� xOw � 
�aw vYt Vwy w V v� ��Q�

�OwW�t Q�RoQ� �"#� x�t CWy��OQ�

	CU� u�� xv�tR u�� QO �U�U� w xOta ��yVUQB R� ��a� RwQt�
�OQ�o�t pmW x vwoJ u� � R ltm x � u�U v� Ret QO CN�vW w �y�o �
�Q�oO�� �CU�J u�Uv� QO u�� R �Q�oO�� ��Q� Ret ��Ya ��yCN�UQ� R
Ret OQmrta w Q�DN�U QO �DN�vW �Ya CqwLD xJ u�Uv� Ret QO u�� R
�� xU��kt QO u�Uv� Ret �DN�vW �Ya ��yCN�U Q� R �Ovm�t O�H��

�CU�J OvQ�Ov �UQDUO u�Uv� u�� R x� xm C�v�w�L Qo�O Ret
��yVUQB u�� x� �� woNU�B ��Q� �u�� R �DN�vW�Ya swra QO
u�oS�w u��� w lQO ��Q� ��Ya ��yQ�mwR�U CN�vW u�vJty w xOta
w s� Q�o�t xQy� �� QHD �xOta VwQ OvJ R� Ret QO u�� R ��yxrtH w �vyP
���tvR�� x� �w� Qt ��yx��Qi p�rLD ��Q� xOt� CUOx� �� QHD ��yxO�O R�
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