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�CU� QU�t �yuwQv u�� x�v�H xty �Q�mty j� Q� R� �yvD �uOR lrB p��k R� u�Uv� �xQtRwQ ��yQ�m

�k�kL uwQv l� �rm ��tv $	%
pmW

xm OvDUy �rwrU ��yQ��i R� xDi�� p�mWD ��yxm�W ��m� QDmr� ��yp�vo�U Ci�� QO j��vt u�wva x� ��yC� QOvO

R�v xvwoCNQO �Di�� QO ��yxm�W �yu� x� CyH u�ty x� �OvDUy �Q�tW�� ���aWv� ��yxN�W w s�vt�v K�U ��Q�O

�Ov� wo�t

uwQv C�r�ai ��Q� �Q sRq �SQv� �pwrU xvO� �Ovvm�t pkDvt pwrU xDUy x� �Q �m� QDmr� ��yp�vo�U �yC� QOvO
�� Segal �� Neuron �� Dendrit



� l� Swrw�� ��Ya ��yxm�W ���

pOt xv�DU� K�U l� �� xU��kt w �tH xO�U pta l� �� xm Ovm�t pta �Di�� QO ��yp�vo�U �wQ Q� w xOwtv sy�Qi

�QDW�� pw� uwUm � �CU� Q�OQwNQ� QDtm ��yxN�W O�OaD w QDQ�wty �L�U R� �yC� QOvO hqNQ� �uwUm � �OOQo�t

R� uwUm � l� �kqD pLt �Ovm�t pkDvt Qo�O ��yuwQv x� �Q pwrU xDUy R� �Di�� QO ����t�WwQDmr� p�vo�U w OQ�O

Ovv�wD�t �yp�vo�U �OR�U�t Q�QkQ� �Q �yuwQv u�� ���DQ� xm Ov� wo �TB�v�U �Q Qo�O pwrU ��yC� QOvO x� pwrU l�

�Q ���DQ� CQOk CU� QO�k TB�v�U l� �OvwW xO�O Q��eD �yTB�v�U �UwD xm u�� �� OvwW xO�O p�kDv� Q��eD uwO�

�OwW ��DQt uwQv �oOvQ�OR�� �� l� QLD Ea�� w OyO Vy�m �� V��Ri�

�yuwQv �oty xJQo �Ov�xOW RmQtDt ��v�H ��Ya ��ysDU�U w ��Nv QO �k��t w Ret QO �yuwQv O�OaD u� QDW��

u�� OwHw �� �OQ�O ��Ya sDU�U QO �yu� �Q�oQ�Qk pLt x� �oDU� �yu� pmW w xR�Ov� �rw �OvQ�O �v�Um� OQmQ�m

$Ov�xOW p�mWD �U�U� CtUk xU R� �yuwQv QDW�� ��wvD xty

�CU� Qo�O �D��iL ��yCtUk w xDUy pt�W xm �pwrU �xvO� 	

C� QOvO 	�

uwUm � 	�

�OvyO�t p�mWD �Q �yuwQv ����DQ� QY�va �QN� OQwt wO

$OvwW�t s�UkD xDUO xU x� �OwN u�� QO s��B C��Oy ��yQ�DN�U T�U� Q� ��yuwQv

�OvDUQi�t ��Nv w Ret x� �UL ��yu�oQ� R� �Q C�aq�� xm ��UL ��yuwQv 	

�Ovvm�t C��Oy OOe w �yxJ�y�t x� ��Nv w Ret R� �Q u�tQi ��yp�vo�U xm �lQLt ��yuwQv 	�

�Ovvm�t pYDt sy x� �Q 	lQLt w �UL
 pw� uwQv wO xm �����DQ� ��yuwQv 	�

�Q C��wiLt w l �QO� �C�U�UL� �QmiD �p��k R� xQtRwQ �xO�J�B ��yQ�m s�Hv� C��Hwt ����DQ� ��yuwQv u�� ���DQ�

��� �CU� lQLt w �UL ��yuwQv O�OaD R� QDW�� �r�N �yuwQv u�� u�Uv� QO �OQw��t sy�Qi

w pwrU xvO� x� �yC� QOvO R� �Ovvm�t CmQL xiQ�l� CQwY x� �yvD ��Ya ��ys��B xm CU� QmP x� sRq

�Q ���yuwQv Qo�O w �OOe ��ypwrU ���xJ�y�t ��yQ��i �OUQ�t uwUm � ��yDv� x� s��B xm �v�tR �uwUm � x� TBU

�� Axon �� Synapse
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�OQ�o�t CQwY s��B p�kDv� 	�DQD u�O� w Ovm�t l� QLD OvDUy pYDt uwUm � x� xm

xv�OvtWwy Q�DiQ w uOQm Qmi �CU� OvtR��v Vwy x� �h�Q�� ��Lt C�Q��eD x� C�Uv Vvm �w w �Q�oO�� ���v�wD

QO �DqmWt OvDUy �Ret 	�U� ��Q�O xm �v�Um p�Ft ��Q� �OwW�t pQDvm �RmQt ��Ya� sDU�U w Ret �UwD

�Q�oO�� ltm x� Ovv�wD�t Ret sr�U ��yCtUk p�L Qy x� �rw �OvQ�O ��Lt C�Q��eD x� C�Uv Vvm �w w �Q�oO��

�Ovvm u�Q�H �Q Xkv u�� O�OH

u� �xJN� Q�D w �awvYt ��Ya ��yxm�W 
��

uwt�Q�B C�k�kLD �CU� xOW xDiQo s�yr� �u�Uv� �m� Swrw�� ��Ya xm�W R� �awvYt ��Ya ��yxm�W �rm Q�DN�U

���ysDU�U ��awvYt��Ya��yxm�W �CU� xOw� x�Qty u�Uv� Ret �Q�oO�� Q�m�UQQ� wCN�vW �� ���Ya��yxm�W

���y�oS� w Ovv�wD�t �QDy� CQ��a x� �� �OvDUy ��Ya �a��� ��ysDU�U Ovv�ty �D��rta s�Hv� x� QO�k xm OvDUy

�Ov��tv O�rkD �Q �tO� Ret OQmrta x� x��W

$Owtv s�UkD Q� R ��yxQwO x� u�wD�t �Q ��Ya ��yxm�W �xJN� Q�D

s�v x� �YNW xm Ow� �v�tR ���Ya ��yxm�W �R�Ux��W QO s�o u�rw� lW uwO� �x�rw� ��yVqD xQwO 	

u�� QO �CU� xDi�� p�mWD  uwQv! s�v x� �Q�DN�U �rY� QY�va R� Ret xm OQm sqa� � p�U QO p�oU

�xyO QO ��Ya ��yxm�W O�OH x�oO�O �CiQo s�Hv� �rwtat j�vt T�U�Q� ���OD�� ��y�R�Ux��W �xQwO

QO ��Ya ��yxm�W xm OvO�O u�Wv RD�B QDr�w w Iqm l�uQ�w xm �v�tR �OW �wQW sDU�� uQk 	��
 pyJ

CQwY x� xm ��xO�U ��yuwQv T�U�Q� �yu� xm�W �Ov��tv x�U�Lt �Q �k�vt w ���UL ���D Qy Ovv�wD�t pY�

 ��! w  w! Q��v �k�vt xO�U ���wD R�v �yu� pOt G��Dv �Ow� xOW �v� �Ow� C��F �xv�DU� OL l� w �� wOwO

w �OwO �Qo�O w ��� p�U QO lQqmw �rQi �m� �xwQo wO �Ow� QDw�Bt�m �UwD �R�Ux��W ��Oa� VqD �Ow�

u�U�vW 	Ya �� �OvOw� IBM CmQW u�kkLt xm pw� xwQo �OvOw� p�ai xv�tR u�� QO ��� p�U QO C����y

u�U�vW 	Ya �� xOy�Wt x� OQm�tv Q�m u�WrOt xm u�tRQy u��Q��v� �OvDW�O �m�ORv ���DQ� p�o lt x�oWv�O

�OQ�O xt�O� R�v uwvm �D xm OW ��xDWQ u��t OvwQ l� O�H�� Ea�� xm OvDN�OQB�t



� u� �xJN� Q�D w �awvYt ��Ya ��yxm�W ���

�R�Ux��W �xaUwD QO xm u�U�vW	Ya Q� xwqa xQwO u�� QO �xOv��VN�O�t� w Qwy�wv �SwrwvmD �xQwO 	�

Cq�vRQlv�Qi �OvOw� QF�wt Q��U� xaUwD u�� QO R�v u�U�vWv�wQ w u�UOvyt �OvDW�O �QF�wtVkv ��Ya ��yxm�W

pt�W �yuwQDBUQB �OQw� OwHw x� �yuwQDBUQB �xaUwD w �L�Q� s�ovy QO ��x�Lqt p��k lQLD ��� p�U QO

��Ya xm�W sDU�U �Qo�O sDU�U �Ov� wo�t R�v �iNt �x�q �� w x�Qty �x�q �Q �v��t �x�q xm OvDUy x�q xU

QO VRwt� ��Q� xm �WwQ �Ow� xO�U ��RH� R� xOW xDN�U nwr�v� �m� QDmr� �xr�Uw l� �u�qO� ��N �k���D

C�a� Qt u�ov��t pk�OL VwQ R� sDU�U u�� �Ow� Cw�iDt uwQDBUQB QO xOW xO�iDU� VwQ �� OW�t xO�iDU� u�

�OQm�t xO�iDU� VRwt� w �Q�oO�� ��Q� ��N

x� x�q lD uwQDBUQB C�OwOLt uOQm �twta OQwt QO ���Dm CQB�B w �mUv�t ��� p�U QO ��t�m �v �xQwO 	�

OvJ ��yuwQDBUQB �U� w xaUwD �t Q�v x� �OwyWt Qw� x� ! $xm OvOQm QmP OwN ��Dm QO �yu� �OvDWwv x�q OvJ

�Ow� ��Ya ��yxm�W �R�Ux��W R� u�v�t�� sOa ��yu� ��Dm R� pw�k p��k xH�Dv �&t�  �CU� s�ka w s�m �v x�q

�Ow� xO�UQ OwN pk�OL x� ��Ya ��yxm�W x� O�tDa� w xkqa �xQwO u�� QO xJQo � ��Qw�wv w ��O�� �xQwO 	�

QO �OvOQm�t Q�m ��ywor� ���U�vW Q��v �r��Ut xS� w x� ��w�wt u�� �xaUwD �wQ Q� Rwvy u�kkLt R� ��a� �&t�

�OQ�O xt�O� �OwaY Qw� x� sy Rwvy OvwQ u�� xm OW xDN�U O�OH ��yQ�m R� �Dw�iDt ��yxvwtv �xQwO u�� ��

�Q �O�OH ��Ya ��yxm�W �sy R� �q�� uwO� w xv�o �OH Qw� x� � uwUQOv� Rt�H w uvywmw�D ��� p�U QO

u�� QO � nQ�UwQo u�iDU� �Ov��tv pta  C�aq�� �R�U xQ�NP! QYva u�wva x� OvOw� QO�k xm OvOwtv �iQat

��Q Q�WDv� TB VRwt� VwQ ��� p�U QO Tw� Qw �OQm�t C�r�ai xOv�tR�U OwN ��Ya ��yxm�W �wQ xyO

��Ya ��yxm�W u� QDOQ� Q�mQB w u� QDQwyWt �Q�WDv�TB ��yxm�W �O�O xaUwD �Ow� xOW xDN�vW R�v #q�k xJQo �

��xv�DU� ���D �� x�q OvJ uwQDBUQB l� �Q�WDv�TB xm�W l� pY� QO �OvwW�t xO�iDU� xRwQt� xm OvDUy

�CU� �yuwQv QO Cw�iDt

	�U �CW�O �� �xyO p��w� w �� �xyO QN�w QO ��Ya ��yxm�W xm �DiQW�B �OOHt Qwy� �xQwO 	�

w Cq�kt R� u�wD�t p�Ft u�wva x� �OvOw� QF�wt CmQL u�� QO �irDNt ��yQwDm �i �OW xv�tR u�� OOHt Qwy�

QO �y�oWv�OV�B TQO l� u�wva x� EL�t u�� uOW KQ�t �� w OW Q�RoQ� xv�tR u�� QO xm ���yTv�Qivm
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��� �OQ� s�v �B wQ� w �m� Qt� ��yx�oWv�O

�awvYt ��Ya ��yxm�W ��y�oS� w ���

�s�vm�t u��� �Q u� ��y�oS� w R� �NQ� �s� R�OQB� �awvYt ��Ya ��yxm�W K� QWD w K��wD x� xm u� R� p�k

�
Q�oO�� C�r��k ����

s��vD ���v�wD �va� �Q�oO�� �CU� �yu� �Q�oO�� C�r��k ���Ya ��yxm�W ��yC�r��k u� QD	r�H R� �m� O�OQD uwO�

u�� �� u�vJty �OwW xOQw� O�� x� xOv�� QO Ov�wD� xm �D�aq�� Ci�� QO Qw�vt x� 	�UB�v�U ��yuRw
 xm�W ��yQDt�Q�B

	X�N C�a�w
 xm�W ���Lt ���QW QO �mJwm Q��eD w O�O VRwt� X�N C�a�w l� ��Q� xm�W Qo � xm hOy

OwHw �yuRw Q��eD ��Q� �irDNt ��yx� wQ �OW�� Ot�Q�m R�v O�OH ���QW ��Q� �QYDNt VRwt��� Ov�wD� xm�W �O�O MQ

	s� R�OQB�t u� x� xt�O� QO
 �Ov� wo�t �Q�oO�� u�v�wk �yu� x� xm OQ�O

uwQO R� ��OwQw ��yQ�OQ� Q�O�kt �OWN��t Ow�y� w OyO�t Q��eD �Q OwN Q�DiQ ��Ya xm�W l� xm �v�tR

x� xHwD �� xm Ovm�t KqY� ��xvwo x� �Q OwN X�N ��yuRw xm�W �Qw�a Qy QO w OwW�t xO�O Qw�a C�aiO x� xm�W

l� �xm�W uwQO R� Q�v OQwt �HwQN Q�Okt w �OwQw Q�OQ� Qw�a Qy �O��tv O�rwD �Q Q�v OQwt �HwQN Ov�wD� ��OwQw

�OwW�t xO�t�v �pm�U

�s�taD C�r��k ����

�Q  �HwQN��OwQw! �yxO�O xawtHt R� ��Uw �xQDUo l� R� 	U�vt �v�Jro pY� QO �	 �Q�oO��
 VRwt� ��yxO�O

Oy�wN �Q xawtHt pm x� s�taD CQOk ��Q�oO�� ��yxO�O xawtHt �wQ R� VRwt� CQwY QO xm�W �Ovm�t �oOv��tv

��Q� �xm�W �UwD xOW x�U�Lt �HwQN��OwQw �x���Q xm CU� Q�OQwNQ� �Q�PBs�taD ���v�wD R� ��xm�W �CW�O

�Ovm pta K�LY 	CU� xOWv x��Q� xm�W x� �Q�oO�� Ov��Qi QO x�o I�y xm �� wor�
 �W��tR� �HwQN��OwQw �wor�

�� Learning ability �� Epoch �� Generalization
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R� TB xm O�t�v jiwt u�wD�t �DQwY QO �Q �Q�oO�� Ov��Qi w CU� ��Ya ��yxm�W KQ�t ��y�oS� w xrtH R� s�taD

$CU� pt�a xU Q�F��D CLD s�taD �OW�� s�taD x� QO�k xm�W �u�

�WRwt� ��yxO�O xawtHt uOw� �ve w xR�Ov� 	

xm�W Q�DN�U 	�

�UQQ� CLD xr�Ut �D�P �oO�J�B 	�

��Q� �OW�� C��F VRwt� ��yxO�O Qo � �Ov�t�t �k�� � w  pt�wa �ki TB �CU� XNWt p�k R� �t xr�Ut uwJ

xm s�W�� u�� p��vO x� O��� �OW�� xOW xO�O xm�W Q�DN�U Qo � �rw �Ow� 	U�vt Q�DN�U p��vO x� O��� QDW�� s�taD CQOk

�OW�� Q�OQwNQ� �rw�k p��k �Q�PBst�aD R� xm�W xm s� Qw� CUO� xvwo u� x� �Q VRwt� ��yxO�O O�OaD

�
R�wt VR�OQB ����

Q�Qk K�U l� w R�QD l� QO xm ���ypwrU �OwW�t xO��B Q�Ri�CNU 	r�k QO �awvYt ��Ya xm�W xm �t�ovy

VR�OQB CaQU V��Ri� Ea�� �oS� w u�� �OvyO MU�B K�U R�R�QD u� ��y�OwQw x� u�tRty Qw� x� Ovv�wD�t �OvQ�o�t

�OOQo�t �� RwD Qo�Om� R� pkDUt �QDmJwm ��yxOvR�OQB u�� �VR�OQB �rm �xi��w ��tDU�U u�vJ QO �k�w QO �OwW�t

�awvYt ��Ya ��yxm�W Q�DN�U ���

xrUrU CQwY x� xm �OvDUy  C�aq�� QoWR�OQB ��yOL�w! ��  �yxwQo! ��  �yuwQv! R� ���mQD ��Ya ��yxm�W

�xm�W GQ�N ��Lt R� �Q C�aq�� xm CU�  �OwQw �x�q! �xm�W QO x�q u�rw� �Ov�xOW �yOv�tR�U �yx�q QO ��D�Qt

pkDUt ��yQ�eDt x� ��awvYt ��Ya xm�W l� OQwt QO w u�Uv� TL GvB x� �Ret OQwt QO x�q u�� �Ovm�t Ci�� QO

Ci�� QO ��O�t R� �H� QOD CQwY x� �Q �y�OwQw  u�yvB �� �v��t ��yx�q! �OQ�O ���DQ� �jkLt �UwD xOW ��NDv�

QO u�Uv� MU�B x� x�q u�� �OwW�t xO�t�v  �HwQN x�q ! xm�W QO x�q u� QN� �Ovvm�t p�O�D ����yv �HwQN x� w

�� Parallel Processing
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��awvYt ��Ya xm�W QO pkDUt ��yQ�eDt l� QLD p��kt QO xDU��w Q�eDt MU�B x� w Ret QO �OwQw l� QLD p��kt

�OwW�t �w� Qt

��Ya �xm�W l� Q�DN�U $	�%
pmW

��HwQN x�q ��OwQw x�q �� x���Q QO K��wD x� ��Ya ��yxm�W  �wor�! ��  �Q�tat! ��  Q�DN�U! K� QWD ��Q�

xm�W QO ���DQ� ��wv� w p�O�D ���wD ��yuRw �� Cq�YD� �u�yvB ��yxQo ��HwQN ��yxQo ��OwQw ��yxQo �u�yvB x�q

�OvR�OQB�t

�Ov�xOQm xO�iDU� xm�W  �SwrwB wD! Kq�Y� R� R�v u�kkLt R� �NQ�

�q�� QO xOW QmP ��RH� 	�mQD �xwLv �OyO�t u�Wv �Q ��Ya xm�W xOW xDN�vW ��y�Q�tat R� xvwtv wO �� pmW

�Ovm�t O�H�� �Q X�N �Q�tat l�
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�awvYt ��Ya ��y xm�W �Q�tat R� �� xvwtv $	�%
pmW

Q�Ut l� pk�OL ��DWoR�� xm�W QO �rw �CU� xm�W �HwQN CtU x� �OwQw R� xQ�wty CmQL ��QwNW�B xm�W QO

x� xDU��w �ki uwQv �HwQN w OQ�Ov OwHw x�i�L �QwNW�B xm�W QO Qo�O CQ��a x� �OQ�O OwHw xm�W QO QwNUB

�yuwQv Q��U �� OwN p�k �x�Lr �HwQN ���D �uwQv l� �HwQN ��QwNUB xm�W QO �rw �CU� p�k ��yx�q ��yuwQv

�CU�

�N����� xvwtv Qw� x� �OwW�t xO�iDU� Nn��n��n� �xO�U CQ��a R� xm�W l� �Q�tat uO�O u�Wv ��Q�

u�yvB �x�q QO uwQv Q�yJ w �OwQw �x�q QO uwQv xU ��Q�O xm OyO�t u�Wv �Q u�yvB x�q l� �� ��Ya �xm�W l�

�CU� �HwQN �x�q QO uwQv wO w
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