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bc deefgch ijhcecjhcjk lmnemjcjk ojdfpqgq rilo s kmhdkd mt jcuvmjdf dwkgxgkgcq gj kyc zvdgj dw{ugvch zp me|kgwdf gn d}gj} n ckymh ~ bc wmjqkvuwkch d nmhcf mt jmgqcdjh ncnzvdjc emkcjkgdf n g�ch qmuvwcq � djh uqgj} qu gk|dzfc edvdn ckcvq hckcwkch tvmn gkq qgnufdkgmj zdqch mjilo � quwwcchch gj cqkgn dkgj} dwkgx gkgcq mt jcuvmjq cn |zchhch gj mekgwdf gn d}gj} hdkd tvmn ygeemwdnedf q|fgwcq ~ lmnedvgj} muv vcqufkq � gky kymqc mzkdgjch zpkyc dxcvd}gj} qck mt hdkd emeufdv gj kyc deefgwdkgmjmt mekgwdf gn d}gj} n ckymh � gk �dq cnegvgwdffp kydk muvn ckymh wmufh c�kvdwk jcuvmjdf dwkgxgkgcq gj kyc zvdgjzp mjc|qymk hdkd � gkymuk dxcvd}gj} � �ygwy n dp evm|xghcq d nmvc evcwgqc n ckymh tmv kyc djdfpqgq mt kycwmnefc� n cwydjgqn q mt kyc zvdgj ~

�� ��_`���a_���
ik gq wmnnmjfp dwwcekch kydk kyc zvdgj gq d wmnefgwdk|ch hpjdn gwdf gjtmvn dkgmj qpqkcn wmnemqch mt n djpjcuvmjq ~ �cwcjkfp� megkwdf gn d}gj} n ckymh ydq z ccjhcxcfmech ��� ~ ik gq wdedzfc mt vcwmvhgj} d fmk mt n cn |zvdjc emkcjkgdfq gj wcvczvdf wmvkc� qgnufkdjcmuqfp~ bcwdj ncdquvc n djp jcuvmjdf dwkgx gkgcq qgnufkdjcmuqfp� gky ky gq n ckym h � djh dfqm wdj gjxcqkg}dkc kyc zvdgjdq d hpjdn gwdf gjtmvn dkgmj qpqkcn ~ b ycj �c uqc kycmekgwdf gn d}gj} n ckymh � dj gnemvkdjk evmzfcn gq ym��c wdj qcedvdkc jcuvmjdf dwkgx gkgcq djh jmgqc tvmn hd|kd vcwmvhch zp mekgwdf gn d}gj} ~ �cjcvdffp� gk gq hg� wufkkm vcnmxc jmgqc tvmn hdkd vcwmvhch zp mekgwdf gn d}gj}wmnefckcfp� qm uqudffp �c wmneukc dj dxcvd}c tvmn d
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junzcv mt kvgdfq km hckcwk kycn ~ ¿dÀgj} dj dxcvd}cgq mt evdwkgwdf u qc km qcedvdkc jcuvmjdf dwkgxgkgcq djhgjhce cjhcjk jmgqc ~ o fkymu}y �c wdj hckcwk jcuvmjdfdwkgxgkgcq kydk vcqemjh gj cxcvp kvgdf zp ky gq n ckymh � gkgq hg� wufk km gjxcqkg}dkc d wydvdwkcvgqkgw dwgkgx gkp kydkdee cdv mjfp gj d ujg{uc kvgdf ~ ¿ycvc gq qmn c emqqgzgfgkpkydk kygq ujg{uc jcuvmjdf dwkgx gkp efdpq dj gnemvkdjkvmfc gj kyc zvdgj wmnemqch mt jcuvmjq � gky qpjdekgwefdqkgwgkp �Á� �ÁÁ� �ÁÂ� ~ o fqm � mjc vcwmvhch ujgk gq jmk df|�dpq wmvvcqe mjhcjk km dj dwkgx gkp mt mjc jcuvmj ~¿yc n dgj euvemqc mt kygq ede cv gq km c�kvdwk qgj|}fc jcuvmjdf dwkgx gkgcq tvmn mekgwdf gn d}gj} hdkd zpijhce cjhcjk lmnemjcjk ojdfpqgq rilo s �Ã� ydxgj} kycdzgfgkp km qcedvdkc gjhcecjhcjk wmnemjcjkq tvmn kycgvn g�kuvcq ~ Ä
� �Å_�a\Æ �Ç\È��ÈÄ

��� ÅÉÊËÌÉÌÍÎÏÐ
¿yc c�e cvgn cjkq �cvc e cvtmvn ch mj kvdjqxcvqc yge|e mwdnedf qfgwcq rÑÒÒÓn s kdÀcj tvmn }ugjcd|eg} rÔÒÒ|ÔÕÒ}s ~ ¿yc qfgwcq �dq qkdgjch tmv ÁÒ n gjukcq � gkyÒ ~Ân}Ön f �× ÁÕÕ gj jmvn df n chgun ~Økgnufdkgmj �dq hcfgxcvch km kyc ØwydÙcv wmnn gqquvdf|wmffdkcvdf rØls Úzcvq fgjÀgj} lo Á djh kyc dvcd mt mekgwdfgn d}gj} wmxcvch lo Á dvcd ~ ¿yc emqgkgmj mt kyc qkgnu|fdkgj} cfcwkvmhc djh kyc mekgwdf gn d}gj} dvcd dvc qym�jgj Ûg} ~Á~ Øg}jdfq �cvc vcwmvhch tvmn dhÜ dwcjk Ñ ujgkq ~Ýjc qkgnufuq rqgj}fc eufqc � Á�n qcw dtkcv mjqck � huvdkgmjmt Ò ~Ân q � gjkcjqgkp mt Ò ~Õno s �dq deefgch ~ ¿yc hgdn |ckcv mt mjc ujgk rÁÑÓn s gq kyc qdn c dq kyc hgdn ckcv mtwcff zm hp rz ck�ccj ÁÒ djh ÂÒÓn s ~Ä
�
Ä
� �ËÍÎÞÌß ÌËËÌÉÌÍàá

Øfgwcq �cvc mzqcvxch kyvmu}y dj mekgwdf gn d}gj} qpq|kcn � d qg}jdf hckcwkgmj qpqkcn � gky yg}y qedkgdf vcqm|
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fukgmj zp ÁÂ�
!_

ÁÂ� q{udvc dvvdp mt �ÝØ gn d}c qcjqmv ~¿yc xmfkd}c|qcjqgkgxc hpc qg}jdfq �cvc vcwmvhch � gky djÃÒÒ�ÔÒjn gjkcvtcvcjwc Ú fkcv ~ ¿vdjqn gkkch fg}yk �dqhckcwkch zp d ÁÂ�
!_

ÁÂ� q{udvc dvvdp mt eymkmhgmhcq �Á~ÃÕ
!_

Á~ÃÕnn� cdwy ~ ¿yc qdnefgj} kgn c �dq qck kmÒ ~�nq � �ygwy gq kgn c vcqmfukgmj mt muv qpqkcn rÒ ~�n|qÖtvdn cs ~ � qudffp qg�kccj kvgdfq dvc dxcvd}ch km gn |evmxc tuvkycv kyc qg}jdf km jmgqc vdkgm mt kyc gn d}c gjkyc wdn cvd qpqkcn r×� � cfkdvmj ÁÃÒÒ qpqkcn � ÛuÜ gÚ fn
� gwvmhcxgwcqs � ky gq edecv hcdfq � gky hdkd � gkymuk dx|cvd}gj} ~¿ycqc wmjhgkgmjq gjhgwdkc kydk mjc ujgk vcwmvhchzp mekgwdf gn d}gj} hmcq jmk df�dpq wmvvcqemjh km mjcjcuvmj ~ bc dqqun c kydk kyc vcwmvhgj} dvcd wdj zcvc}dvhch dq Ûg} ~Â ~

� � Å`�]Æ�Ç 	�`Ç�Æ\_���
ij kygq edecv � �c wmjqghcv kyc qkdjhdvh fgjcdv hdkdnmhcf ~


 � \á rÁs
×cvc kyc wmfunj xcwkmv á gq wdffch kyc gjhcecjhcjkwmnemjcjk xcwkmv ~ �dwy wmnemjcjk gq nukudffp djhqkdkgqkgwdffp gjhcecjhcjk qmuvwc qg}jdfq ~ cwkmv á wmv|vcqemjhq km jcuvmjdf dwkgxgkgcq mv jmgqc ~ cwkmv 
 wmv|vcqemjhq km hdkd vcwmvhch zp mekgwdf gn d}gj} ~ik gq gnemvkdjk km qdkgqtp kyc tmffm� gj} kyvcc wmjhg|kgmjq ~Á~ �cwmvhch qg}jdfq dvc quecvgnemqch ~Â ~ ¿yc junzcv mt vcwmvhch qg}jdfq gq c{udf km kydkmt gjhce cjhcjk wmnemjcjkq ~Ô ~ � dkvg� \ gq tuff vdjÀ ~
�cwduqc hdkd vcwmvhch zp mekgwdf gn d}gj} dvc n g�kuvcqmt gjhce cjhcjk n cnzvdjc emkcjkgdfq djh jmgqc � kyc wmj|hgkgmj Á gq qdkgqÚch ~ Ýjc vcwmvhch ujgk hmcq jmk df�dpqwmvvcqemjh km mjc jcuvmj ~ ¿yuq � qcfcwkgj} kyc qugkdz fcqck mt vcwmvhch ujgk � kyc wmjhgkgmj Â gq qdkgqÚch ~ bcqcedvdkc jcuvmjdf dwkgx gkgcq tvmn cdwy dhÜ dwcjk tmuv u|jgkq qcfcwkch tvmn mekgwdf gn d}gj} hdkd ~ o wwmvhgj}fp�c dqqun c kydk kyc wmjhgkgmj Ô gq qdkgqÚch ~

� � Ç�_���
ij kygq qcwkgmj � �c zvgc�p hcqwvgz c kyc df}mvgkyn uqchgj muv �mvÀ ~
� ��� ÅÉÊ�� ÎÍÊÐÎÐ�
ij wmjqghcvdkgmj mt vmujhmÙ cvvmv � �c n dÀc uqc mt kyctmffm� gj} qgj}ufdv xdfuc hcwmnemqgkgmj dq evc�ygkcj|gj} ~ �ck j zc kyc junzcv mt vcwmvhch qg}jdfq � n kycjunzcv mt qdnefgj} emgjkq djh n

!_
j ndkvg� � hc|qwvgz gj} dff mt vcwmvhch qg}jdfq ~

Stimulus

Pyramidal Cell Layer

CA1

position of recorded signal

1.75mm

1.75mm

Ûg}uvc Á � �cwmvhgj} dvcd gj y geem wdnedf qfgwc

14um

14um

Overlapped sensing area

Ûg}uvc Â � �cwmvhgj} qgkc zp eymkmhgmhc dvvdp � mjcq{udvc wmvvcqemjhq km mjc ujgk � mjc wgvwfc gq dj dvcdkydk gq vcwmvhch zp d eymkm hgmhc ~

Ûgvqk � �c quzkvdwk kyc n cdj tvmn vcwmvhch qg}jdfq �djh deefp qgj}ufdv xdfuc hcwmnemqgkgmj km n dkvg� � ~
� � ���� rÂs

�ycvc � djh � dvc ueecv djh fm�cv kvgdj}ufdv vmukgjcqdjh � gq d hgd}mjdf n dkvgwcq � gky �� dq kyc �ky cfcn cjk ~
� c�k �c wdfwu fdkc hcwmvvcfdkgmj n dkvg� a ~

a � � ���� r Á
��
s� rÔs

� qgj} ky gq hcwmvvcfdkgmj n dkvg� a � �c �ygkcj hdkd vcwmvh|ch zp mekgwdf gn d}gj} ~
� ! � a� rÑ s

� �
Ä
� �Ð"ÊË ÊÐ"ÊÐÍ aÏ#ËÏÐÊÐÍ \ÐÌß
 áÎá

¿m dwygcxc kyc }mdf km qcedvdkc jcuvmjdf dwkgxgkgcq tvmnhdkd vcwmvhch zp mekgwdf gn d}gj} � gk gq jcwcqqdvp kydk
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ilo ydq kyc dzgfgkp km qcedvdkc kycn tdqk djh dwwuvdkc|fp~ ¿yuq �c gjkvmhuwch jdkuvdf }vdhgcjk df}mvgkyn �Â�tmv ilo ~ � mvcmxcv � wmjqghcvgj} jmjqkdkgmjdvgkp mt jcu|vmjdf dwgkgx gkp� �c dhmekch jmjymfmjmn gw wmjqkvdgjk �Ô� ~¿yc fcdvjgj} edvdn ckcv � gq d qn dff wmjqkdjk ~ ¿yc hg|d}mjdf n dkvg� � ydq cdwy cfcn cjk mt � �� r� ! s� !� � ~ ¿ycgjgkgdf xdfuc mt � gq kyc ujgk n dkvg� ~
�� � � r� � � �� r
 !s
 !� �s� rÕs

¿yc mekgn df � r� ! s gq km wymmqc
� r
 ! s � � � 	
 É r
 !s

�
 !
r�s

gt �c wdj cqkgn dkc kyc kvuc qmuvwc evmzdzgfgkp hgqkvgzu|kgmj É r
 ! s dhdekgxcfp �Õ� ~ ×m�cxcv � �c wdj jmk cqkgn dkckyc qmuvwc evmzdzgfgkp hgqkvgzukgmj mt gjhcecjhcjk wmn |emjcjk ~ ¿yuq � gj kyc tmffm� gj} qcwkgmj �c hckcvn gjc
� r� !s c�ecvgn cjkdffp~bc uqc d zdkwy }vdhgcjk tmv qkdz gfgkp vcdqmjq ~ ijqe gkc mt kygq � kyc df}mvgkyn ndp quÙcv tvmn wmjxcv}cjwcgqqucq gj fdv}c|qwdfc evmzfcn q ~ Øm � �ygkcjgj} gq deefgchdq d evcevmwcqqgj} qkce tmv gnevmxgj} kyc wmjxcv}cjwcevmecvkgcq ~

� � �� rÃs
otkcv fcdvj gj} � �c hcvgxch gjhce cjhcjk wmnemjcjkq ^ ~

^ � �� ! � � a� r�s
¿yc hgqkvgzukgmj mt kyc gjkcjqgkp mt gjhcechcjk wmnem|jcjkq kdÀcq kyc tmvn �

� � r�s � � � rÒ � ��Ò � � � r�s � Ò � ���Òs� r�s
bc cqkgn dkch cdwy fm wdkgmj mt gjhcecjhcjk wmnemjcjkqr�� � �� s rÁ � � � � s km wdfwufdkc kyc wcjkcv mt xdfdjwcuqgj} kyc vcqu fk tvmn �{ ~� ~

�� � ��
�� �

�� �� rË � s � � �� rË� s � 
��� �
�� �� rË � s � � �� rË � s � ! ��

�� � ��
�� �

�� �� rË � s � � �� rË� s � 
��� �
�� �� rË � s � � �� rË � s � ! �� rÁÒs

�ycvc � �� r� � s rÁ � � � � s gq cdwy n d�gnun xdfuc �
� �� r�� s rÁ � � � � s gq cdwy n gjgnun xdfuc ~ ¿ycfmwdkgmj mt d eymkm hgmhc r� �ps gq �� ��� rÁ � " � � s ~

# � ^�Ç�Æ\_���
bc dhmekch kyc tmffm� gj} Úxc qdnefc qg}jdfq km kujcilo tmv mekgwdf gn d}gj} hdkd ~ ¿ycqc qg}jdfq ydxc jmv|n dfg$ch Àuvkmqgq kydk gq qym�j gj ¿dzfc Á~ ¿yc junzcvmt qdnefgj} e mgjkq gq ÂÒÒ ~ ¿yc ncnzvdjc emkcjkgdf �dqhcvgxch tvmn ×mh}Àgj|×u�fcp �{udkgmj ��� ~

%&'() *+ ,-./0121 03 4.2526&( 7256&(1
7256&( 8-9'). 7256&( %:;) ,-./0121

* <)9'.&6) =0/)6/2&( >? @*A
> B26) 8021) C *@DE
A F&-112&6 8021) G @>>
D <)9'.&6) =0/)6/2&( >? @*A
H <)9'.&6) =0/)6/2&( >? @*A

# ��� ^ÊßÊÞÍÎÏÐ Ï I � r� s
¿ycvc dvc qcxcvdf deevmdwycq km qcedvdkc gjhce cjhcj|k wmnemjcjkq tvmn que cv|�duqqgdj djh quz|�duqqgdjn g�ch qmuvwcq �Õ� ���� ��ÁÒ� ~ �cwduqc cdwy deevmdwy ydqhgÙcvcjk wydvdwkcvgqkgwq � gk gq jcwcqqdvp kydk �c qcfcwk dqu gkdzfc � r� s tvmn kycn ~lmnedvgj} gjhcecjhcjk qg}jdfq c�kvdwkch zp kyctmffm� gj} tmuv djdfpqcq � �c qcfcwkch � r� s �ygwy gq qugk|dzfc tmv muv evmzfcn ~ ovkgÚ wgdf qg}jdfq dvc kyc n g�kuvcmt qg}jdf Á�qg}jdf Â djh qg}jdf Ô ~ �cwduqc kyc n cn |zvdjc emkcjkgdf mt jcuvmj jcxcv vcxcvqcq � n dkvg� \ gqqck km emqgkgxc jmvn df vdjhmn junzcvq ~ ¿yc junzcvmt gkcvdkgmjq gq ÕÒ �ÒÒÒ ~Á~ 


� ��� ro wwmvhgj} km kyc qkdz gfgkp djdfpqgq �Ñ� � gt dffqg}jdfq dvc quz|�duqqgdj � kygq gq dj c� wgcjk tujw|kgmj ~s
Â ~ ÍÌÐ� J
 K ��� ro wwmvhgj} km kyc qkdzgfgkp djdfpqgq �Ñ� �gt dff qg}jdfq dvc que cv|�duqqgdj �kygq gq dj c� wgcjktujwkgmj ~s
Ô ~ ¿yc tujwkgmj hcvgxch tvmn �vdn |lydvfgcv c�edj|qgmj �Õ� r�vdn |lydvfgcv c�edjqgmj ydq dj cÙcwkgxcevmecvkp gt kyc evmzdzgfgkp hgqkvgzukgmj mt gjhc|ecjhcjk wmnemjcjkq jcdvfp wmvvcqe mjhq km �duq|qgdj ~s
Ñ ~ ��kcjhch ijtmn d� �ÁÒ� r ¿yc q� gkwy gj} edvdn ckcv�dq hcvgxch tvmn kyc qkdzgfgkp djdfpqgq �Ñ� ~sÝjc mt kyc vcqufkq qcedvdkch zp uqgj} kycqc kyvcc � r� sgq qym�j gj Ûg} ~Ô ~ bc dqqun ch kydk vcwmxcvch qg}jdfq� gky n d�gnun Àuvkmqgq �dq kyc n cnzvdjc emkcjkgdf �djh wdfwufdkch kyc n cdj q{udvc cvvmv mt Àuvkmqgq mt kycvcwmxcvch ncnzvdjc e mkcjkgdf ~ ¿dzfc Â qym�ch kydkÍÌÐ� J
 K ydh kyc nmqk evcwgqcfp deevm�gn dkch Àuvkmqgq ~Û g} ~Ñ gffu qkvdkcq kydk kyc dwwuvdwp mt vcwmxcvh qg}jdfq �djh gjhgwdkch kydk ÍÌÐ� J
 K ydh kyc nmqk dwwuvdkc vc|wmxcvgj} evme cvkp~ bc kyuq dhmekch ÍÌÐ� J
 K dq kycqu gkdzfc � r� s tmv ky gq evmz fcn ~

# �
Ä
� aÏ#L ÎÐÌÍÎÏÐ Ï I ÏÉÎ� ÎÐÌß áÎ�ÐÌßá

¿yc junzcv mt gjhcecjhcjk wmnemjcjkq gj vcdf hdkdgq ujÀjm�j ~ ¿yuq �c c�dn gjch vcqu fkq qcedvdkch tvmnkyc tmffm� gj} kyvcc n g�kuvcq ~ ¿yc junzcv mt gkcvdkgmjqgq ÁÒÒ �ÒÒÒ ~ � dkvg� \ gq qck km emqgkgxc jmvn df vdjhmnjunzcvq ~
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Ûg}uvc Ô � �cwmxcvch Øg}jdfq

Á~ ¿yc n g�kuvc mt qg}jdf Á� qg}jdf Â djh qg}jdf Ô rkycjunzcv mt gjhce cjhcjk wmnemjcjkq gq fcqq kydjkydk mt vcwmvhch qg}jdfq ~sÂ ~ ¿yc n g�kuvc mt qg}jdf Á� qg}jdf Â � qg}jdf Ô djhqg}jdf Ñ rkyc junzcv mt gjhcecjhcjk wmnemjcjkqgq c{udf km kydk mt vcwmvhch qg}jdfq ~sÔ ~ ¿yc n g�kuvc mt qg}jdf Á� qg}jdf Â � qg}jdf Ô � qg}jdfÑ djh qg}jdf Õ rkyc junzcv mt gjhcecjhcjk wmn |emjcjkq gq }vcdkcv kydj kydk mt vcwmvhch qg}jdfq ~sÛvmn kyc xgc�emgjk mt e cdÀ kgn c � �c tmujh kyc n cn |zvdjc e mkcjkgdf tvmn gjhcecjhcjk wmnemjcjkq ~ ¿ycj�c �mvÀch muk kyc n cdj q{udvc cvvmv mt kyc dwwuvd|wp mt kyc vcwmxcvch ncnzvdjc e mkcjkgdf ~ ¿ycqc vcqufkqgjhgwdkch kydk kyc tc�cv kyc junzcv mt gjhce cjhcjkwmnemjcjkq �dq � kyc z ckkcv kyc dwwuvdwp mt vcwmxcvchncnzvdjc e mkcjkgdfq �dq ~×cjwc � km c�kvdwk jcuvmjdf dwkgxgkgcq tvmn hdkd vcwmvh|ch zp mekgwdf gn d}gj} � gk gq jcwcqqdvp kydk �c dvvdj}cvcwmvhch ujgkq ydxgj} tc�cv dwkgxc jcuvmjq ~ bc kmmÀqckq mt dhÜ dwcjk tmuv ujgkq tmv vcwmvhch qg}jdfq ~
� � \ÅÅÆ�a\_��� _� �Å_�a\Æ �Ç\È��È
bc deefgch kyc dzmxcn cjkgmjch nckymh zdqch mj gj|hcecjhcjk wmnemjcjk djdfpqgq km kyc djdfpqgq mt hdkdvcwmvhch tvmn ygeem wdnedf qfgwcq kdÀcj tvmn }ugjcd|eg} zp mekgwdf gn d}gj} ~Ûg} ~� qym� q kyc dhÜ dwcjk tmuv qg}jdfq qcfcwkch tvmnmekgwdf gn d}gj} hdkd ~ Ûg} ~Ã gffu qkvdkcq gjhcecjhcjk wmn |
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combination of mixed signals

Ûg}uvc Õ � owwuvdwp mt ilo gj kyc evmzfcn mt wmnzgjd|kgmj mt evchgwkch Úxc qg}jdfq

e mjcjkq qcedvdkch tvmn kycqc qg}jdfq ~ ¿yc fcdvjgj} ed|vdn ckcv � gq qck km Ò ~ÒÒÒ Á~ ¿yc junzcv mt gkcvdkgmjqgq ÁÒÒ �ÒÒÒ ~ Ûg} ~� gjhgwdkcq cdwy cqkgn dkch fm wdkgmj mtgjhce cjhcjk wmnemjcjkq �ygwy gq hcvgxch tvmn �{ ~ÁÒ ~
¿yc ecdÀ kgn c mt kyc gjhcecjhcjk wmnemjcjk Ñ �qym�j gj Ûg} ~Ã � gq ÂÒ ~Ñ n qcw ~ ¿ygq e cdÀ n dp ydxc zccjcxmÀch tvmn d qkgnufuq ~ �cqghcq � kyc cqkgn dkch fm wdkgmjmt gjhce cjhcjk wmnemjcjk Ñ gq qym�j gj Ûg} ~� ~ bcdqqun ch kydk kyc gjhcecjhcjk wmnemjcjk Ñ �dq kycn cnzvdjc e mkcjkgdf ~ Ýkycv gjhcecjhcjk wmnemjcjkqydxc vdjhmn �uwkudkgmj ~ ¿yc cqkgn dkch fm wdkgmj mtkycqc wmnemjcjkq gq kyc wcjkcv mt tmuv ujgkq ~ ×cjwc �cdqqun ch kydk kyc gjhce cjhcjk wmnemjcjkq Á� Â djh Ô�cvc �duqqgdj jmgqc ~
bc dfqm deefgch muv gjhcecjhcjk wmnemjcjk djdf|pqgq km mkycv ujgkq ~ bc tmujh xcvp qgn gfdv vcqufkq ~ �c|qghcq �c wmufh ghcjkgtp kyc vcqufkq mt qcedvdkgmj � qgn gfdvkm kyc qgnufdkgmj ~ Ûg} ~ÁÒ qym� q kydk kyc gjhcecjhcjkwmnemjcjk Ñ gq jcdvfp c{udf km Ò ~ ¿ygq vcqu fk qu}}cqkchkydk kyc junzcv mt gjhcecjhcjk wmnemjcjkq gq kyvcc �qgn gfdv km kyc vcqu fk mt kyc qgnufdkgmj gj quzqcwkgmj � ~Â ~
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Ûg}uvc � � Ývg}gjdf qg}jdfq vcwmvhch tvmn ygee m wdnedfqfgwc uqgj} mekgwdf gn d}gj} n ckymh

� � � �^a� ^^���
� ��� ��ÊÞÍÎ�ÊÐÊáá Ï I Í�Ê ËÉÏË ÏáÊ" # ÊÍ�Ï"
ij kygq edecv � �c uqch d qkgnufuq kydk cxmÀch mjc dwkgmjemkcjkgdf ~ ×cjwc � �c wdj queemqc kydk kyc ecdÀ kgn c mtkyc dxcvd}ch ncnzvdjc emkcjkgdf rÂÒ ~Ñn qcws � �ygwy gqqym�j gj Ûg} ~� � wmvvcqe mjhq km kydk mt dwkgmj e mkcjkgdf ~ij kyc evcxgmuq qcwkgmj � �c gjhgwdkch kydk kyc e cdÀ kgn cmt kyc gjhcecjhcjk wmnemjcjk Ñ � �ygwy �dq dqqun ch kmzc kyc n cnzvdjc emkcjkgdf � gq ÂÒ ~Ñn qcw ~ Øm kyc ecdÀkgn c mt kyc dxcvd}ch ncnzvdjc e mkcjkgdf �dq dwkudffpwmvvcqemjhcjk km kydk mt kyc gjhcecjhcjk wmnemjcjk Ñ ~
� mvcmxcv � mkycv dhÜ dwcjk Ñ ujgkq qym�ch qgn gfdv vcqu fkq ~¿yc vcqufkq mt qgnufdkgmj qu}}cqk kydk kyc tc�cv kycjunzcv mt n cnzvdjc emkcjkgdfq gq � kyc z ckkcv n cn |zvdjc e mkcjkgdf dvc vcwmxcvch dwwuvdkcfp~ ×cjwc kycvcgq d }m mh emqqgz gfgkp kydk kyc gjhcecjhcjk wmnemjcjkÑ � qym�j gj Ûg} ~Ã � gq kyc n cnzvdjc emkcjkgdf mt mjcjcuvmj ~bc qu}}cqk kydk gt kyc evmemqch wmjhgkgmjq gj quz|qcwkgmj Â ~Ô dvc qdkgqÚch � muv evmemqch nckymh gq cÙcw|kgxc km qcedvdkc jcuvmjdf dwkgx gkp tvmn mekgwdf gn d}gj}hdkd ~
� �
Ä
� \"�ÌÐÍÌ�Ê Ï I Í�Ê ËÉÏËÏáÊ" # ÊÍ�Ï"

ij ky gq quzqcwkgmj � �c c�dn gjc kyc tcdkuvc mt gjhcecj|hcjk wmnemjcjkq c�kvdwkch tvmn hdkd vcwmvhch zp mekg|wdf gn d}gj} n ckym h ~ bc dqqun c kydk kyc gjhcecjhcjkwmnemjcjk wmjkdgjq d n cnzvdjc emkcjkgdf djh d ecvg|mhgw �dxc rÑÒ×$s ~ ¿ycvc n dp zc qmn c emqqgzgfgkp kydkkygq e cvgmhgw �dxc gq fgjc jmgqc ~ ×m�cxcv � tvmn kycgjhcecjhcjk wmnemjcjk djdfpkgwdf emgjk mt x gc� � kycvcqufkq mt kyc qgnufdkgmj qym�ch kydk kyc fgjc jmgqc �dq
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msecrhsijhcecjhcjk wmnemjcjk Ñ
Ûg}uvc Ã � ijhcecjhcjk wmnemjcjkq qcedvdkch tvmn m|vg}gjdf qg}jdfq zp gjhcecjhcjk wmnemjcjk djdfpqgq

hgÙcvcjk tvmn kyc n cnzvdjc emkcjkgdf ~ bc wmjwfuhchkydk kygq ecvgm hgw �dxc �dq d edvk mt kyc n cnzvdjce mkcjkgdf � djh qu}}cqk kydk kygq �dq d }dnnd vypkyn�ygwy gq wmjqghcvch km zc kyc wduqc mt fmj} kcvn em|kcjkgdkgmj ~ ¿ygq dv}uncjk qu}}cqkq kydk kygq evmemqchnckym h }dxc uq djmkycv c�efdjdkgmj mt mekgwdf gn d}gj}hdkd ~
� � a��aÆ� ^���

¿yc vcqufkq evcqcjkch gj ky gq edecv gjhgwdkc kydk �cn dp gjxcqkg}dkc mekgwdf gn d}gj} hdkd � gkymuk dxcvd}|gj} � uqgj} gjhcecjhcjk wmnemjcjk djdfpqgq ~ Ýekgwdfgn d}gj} n ckymh � gky xmfkd}c qcjqgkgxc hpcq ydh z ccjuqch dq dj cÙcwkgxc n ckym h tmv vcwmvhgj} n djp jcuvmjqqgnufkdjcmuqfp~ bc wdj hckcwk gjhgxghudf jcuvmjdf dw|kgx gkp djh gk �q fm wdkgmj tvmn kycqc hdkd ~ ¿yuq �c qu}|}cqk kydk kyc evmemqch nckymh gq cÙcwkgxc km c�efmvckyc zvdgj tujwkgmj ~
`�	�`��a� ^
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independent component 1

independent component 2
independent component 4

independent component 3

Ûg}uvc � � � qkgn dkch fm wdkgmjq mt gjhcecjhcjk wmnem|jcjkq
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Ûg}uvc � � oxcvd}ch n cnzvdjc emkcjkgdf dk kyc qdn cefdwc dq mvg}gjdf qg}jdfq rdxcvd}c mt Á� kvgdfqs
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