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<�gZklhys__�\j_fy�jy^hf�\_^msbo�fbdjhwe_dljhgguo�nbjf�\uimkdZxlky�ijhp_kkhju��hjb_glbjh\Zggu_

gZ� \uiheg_gb_� hi_jZpbc� ih� wfmeypbb� jZaebqguo� g_cjhgguo� k_l_c�� Kms_kl\mxl� hilhwe_dljhggu_�� ZgZeh]h\u_�

pbnjh\u_ b� ]b[jb^gu_ g_cjhijhp_kkhju� [1]�� GZb[he__� lhqgufb� b� mgb\_jkZevgufb� [eZ]h^Zjy� k\h_c

ijh]jZffbjm_fhklb� y\eyxlky�pbnjh\u_�g_cjhijhp_kkhju [2]��H^gbf�ba� \Z`g_crbo� djbl_jb_\� mgb\_jkZevghklb
pbnjh\h]h� g_cjhijhp_kkhjZ� y\ey_lky� _]h� kihkh[ghklv� h[jZ[Zlu\Zlv� \oh^gu_� ^Zggu_� jZaebqguo� jZajy^ghkl_c�

Kms_kl\m_l� jy^� g_cjhijhp_kkhjh\�� \uihegyxsbo� hi_jZpbb� gZ^� ^Zggufb�� jZajy^ghklv� dhlhjuo� fh`_l� [ulv

ijh]jZffgh� aZ^ZgZ� \�^bZiZahg_�hl� ��^h� ��� [3, 4]��DZd�ijZ\beh�� lZdb_�ijhp_kkhju� h[jZ[Zlu\Zxl� h^gh�� \hkvfb�b
r_klgZ^pZlbjZajy^gu_� ^Zggu_�� Bkdexq_gb_� khklZ\ey_l� ijhp_kkhj� Lneuro nbjfu� Philips [5]�� jZ[hlZxsbc� k
\oh^gufb� ^Zggufb� ex[hc� jZajy^ghklb� hl� �� ^h� ���H^gZdh� \� ^Zgghf� ijhp_kkhj_� bkihevam_lky� ihke_^h\Zl_evguc

kihkh[�h[jZ[hldb�^Zgguo��qlh�y\ey_lky�h^ghc�ba�hkgh\guo�ijbqbg�_]h�hlghkbl_evgh�gbadhc�ijhba\h^bl_evghklb�

Ij_^eZ]Z_fuc� gh\uc� ���jZajy^guc� g_cjhijhp_kkhj� NM6403� y\ey_lky� \ukhdhijhba\h^bl_evguf

\uqbkebl_e_f�� \� dhlhjhf� ZiiZjZlgh� ih^^_j`b\Zxlky� lZdb_� hi_jZpbb�� dZd� mfgh`_gb_� fZljbpu� gZ� fZljbpm� beb

fZljbpu�gZ�\_dlhj��keh`_gb_�\_dlhjh\��\uqbke_gb_�nmgdpbc�gZkus_gby�^ey�we_f_glh\�\_dlhjh\�b�^jm]b_�hi_jZpbb

\_dlhjghc� Zjbnf_lbdb [6]��>Zgguc�ijhp_kkhj�ijhba\h^bl� aZ� h^bg� lZdl� h[jZ[hldm� \_dlhjh\�� dZ`^uc�ba� dhlhjuo
ij_^klZ\ey_l�kh[hc����jZajy^gh_�keh\h��\�dhlhjhf�miZdh\Zgu�p_ehqbke_ggu_�^Zggu_��Ijbq_f�jZajy^ghklv�dZ`^h]h

we_f_glZ�\_dlhjZ�aZ^Z_lky�ijh]jZffgh�b�fh`_l�ijbgbfZlv�ex[h_�agZq_gb_�\�^bZiZahg_�hl���^h�����K�mf_gvr_gb_f

jZajy^ghklb�^Zgguo�m\_ebqb\Z_lky�bo�dhebq_kl\h�\�dZ`^hf�\_dlhj_�b�l_f�kZfuf�ih\urZ_lky�ijhba\h^bl_evghklv

ijhp_kkhjZ��Ijhp_kkhj�bf__l�ZiiZjZlgu_�kj_^kl\Z�^ey�ihkljh_gby�gZ�_]h�hkgh\_�fgh]hijhp_kkhjguo�kbkl_f��Hg

fh`_l� bkihevah\Zlvky� \� jZaebqguo� kbkl_fZo� pbnjh\hc� h[jZ[hldb� kb]gZeh\�� H^gZdh� hkgh\gh_� gZagZq_gb_

ijhp_kkhjZ�NM6403���wlh�wfmeypby�g_cjhgguo�k_l_c�

���FH>?EV�G?CJHGGHC�K?LB

GZ�jbk���ij_^klZ\e_gZ�fh^_ev�kehy�g_cjhgghc�k_lb��wfmebjm_fhc�ijhp_kkhjhf NM6403��<�h[s_f�kemqZ_
h^bg�kehc�g_cjhgghc�k_lb�bf__l�N�g_cjhgguo�\oh^h\�b�khklhbl�ba�M�g_cjhgh\��Ijb�wlhf�m�f�g_cjhg�\uihegy_l
\a\_r_ggh_�kmffbjh\Zgb_�1�^Zgguo�X1, X2,…, XN��ih^Z\Z_fuo�gZ�khhl\_lkl\mxsb_�g_cjhggu_�\oh^u��k�mq_lhf

kf_s_gby�9m�^Zggh]h�g_cjhgZ�

Y V X Wm m n n,m

n

= + ×
=

∑
1

N

,

]^_�:n,m���\_kh\hc�dhwnnbpb_gl�n�]h�\oh^Z�\�P�f�g_cjhg_� �Q ����«�1��P ����«�0���AZl_f�P�c�g_cjhg�\uqbkey_l

nmgdpbx�gZkus_gby�FQm
�hl�j_amevlZlZ�\a\_r_ggh]h�kmffbjh\Zgby�Ym:

OUT Ym Qm m= F ( ) ,

]^_�Qm - iZjZf_lj�nmgdpbb�gZkus_gby��\uqbkey_fhc�^ey�m-]h�g_cjhgZ��jZ\guc�qbkem�agZqZsbo�[blh\�\�j_amevlZl_
Rm��H[sbc�\b^�nmgdpbc�gZkus_gby��j_Zebam_fuo�g_cjhijhp_kkhjhf��ij_^klZ\e_g�gZ�jbk����<k_�\oh^gu_�^Zggu_�

\_kh\u_�dhwnnbpb_glu��ihjh]h\u_�agZq_gby�b�j_amevlZlu�ij_^klZ\eyxlky�\�^hihegbl_evghf�dh^_�

Ijhp_kkhj�NM6403�y\ey_lky�mgb\_jkZevguf�kj_^kl\hf�^ey�wfmeypbb�jZaebqguo�g_cjhgguo�k_l_c��Ijb�_]h
bkihevah\Zgbb� ihevah\Zl_ev� fh`_l� ijh]jZffgh� aZ^Z\Zlv� ke_^mxsb_� iZjZf_lju� g_cjhgghc� k_lb�� qbkeh� keh_\�

qbkeh�g_cjhgh\�b�g_cjhgguo�\oh^h\�\�dZ`^hf�keh_��jZajy^ghklv�^Zgguo�gZ�dZ`^hf�g_cjhgghf�\oh^_��jZajy^ghklv
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H^bg�ijhp_kkhj�NM6403�iha\hey_l�wfmebjh\Zlv�g_cjhggmx�k_lv�ijZdlbq_kdb�g_h]jZgbq_gguo�jZaf_jh\�
Wfmeypby�g_cjhgghc�k_lb�hkms_kl\ey_lky�ihkehcgh��ihke_^h\Zl_evgh�kehc�aZ�keh_f��

DZ`^uc� kehc� g_cjhgghc� k_lb� jZa[b\Z_lky� gZ� ihke_^h\Zl_evgh� h[jZ[Zlu\Z_fu_� njZ]f_glu�� >Zggh_

jZa[b_gb_�hkms_kl\ey_lky�ke_^mxsbf�h[jZahf��Fgh`_kl\h�g_cjhgguo�\oh^h\�kehy�jZa[b\Z_lky�gZ�]jmiiu�\oh^h\

lZd�� qlh[u� kmffZjgZy� jZajy^ghklv� ^Zgguo�� ih^Z\Z_fuo� gZ� dZ`^mx� ]jmiim� \oh^h\�� [ueZ� jZ\gZ� jZajy^ghklb

g_cjhijhp_kkhjZ - 64�� Fgh`_kl\h� g_cjhgh\� kehy� jZa[b\Z_lky� gZ� ]jmiiu� g_cjhgh\� lZd�� qlh[u� kmffZjgZy

jZajy^ghklv�j_amevlZlh\�\a\_r_ggh]h�kmffbjh\Zgby�^ey�dZ`^hc�]jmiiu�g_cjhgh\�lZd`_�[ueZ�jZ\gZ�64��Ijb�lZdhf
jZa[b_gbb�\oh^h\�b�\uoh^h\�\_kv�kehc�g_cjhgghc�k_lb�jZa[b\Z_lky�gZ�njZ]f_glu�^\mo�lbih\��bf_xsbo�jZaebqgh_

nmgdpbhgZevgh_�gZagZq_gb_��NjZ]f_glu�i_j\h]h�lbiZ�h[jZamxl�fZljbqgmx�kljmdlmjm��\uihegyxsmx�\k_�hi_jZpbb

\a\_r_ggh]h� kmffbjh\Zgby��Ijbq_f� dZ`^hfm� njZ]f_glm� i_j\h]h� lbiZ� khhl\_lkl\m_l� h^gZ� ba� ]jmii� g_cjhgguo

\oh^h\�b�h^gZ�ba� ]jmii�g_cjhgguo�\uoh^h\��DZ`^uc� lZdhc�njZ]f_gl� \uihegy_l� \a\_r_ggh_� kmffbjh\Zgb_� \k_o

^Zgguo��ih^Z\Z_fuo�gZ�khhl\_lkl\mxsmx� ]jmiim�\oh^h\��^ey�\k_o�g_cjhgh\�khhl\_lkl\mxs_c� ]jmiiu�g_cjhgh\�

DZ`^uc�njZ]f_gl� \lhjh]h� lbiZ�nhjfbjm_l� \uoh^gu_� agZq_gby� ^ey� \k_o� g_cjhgh\�� \oh^ysbo� \� khklZ\� h^ghc� ba

]jmii�g_cjhgh\��iml_f�\uqbke_gby�nmgdpbb�gZkus_gby�hl�j_amevlZlh\�\a\_r_ggh]h�kmffbjh\Zgby�

Jbk���fh`gh�bkihevah\Zlv�\�dZq_kl\_�beexkljZpbb�hibkZggh]h�\ur_�ijbgpbiZ�jZa[b_gby�kehy�g_cjhgghc

k_lb� gZ� njZ]f_glu�� >ey� wlh]h� g_h[oh^bfh� ij_^klZ\blv�� qlh� dZ`^uc� [ehd�� ijb\_^_gguc� gZ� jbk���� \uihegy_l

hi_jZpbb�gZ^����jZajy^gufb�\_dlhjZfb�miZdh\Zgguo�^Zgguo��Z�\k_�\oh^u�b�f_`[ehqgu_�kh_^bg_gby�kem`Zl�^ey

i_j_kuedb� wlbo� \_dlhjh\�� Ijb� wlhf� gZ� jbk��� dZ`^hfm� njZ]f_glm� i_j\h]h� lbiZ� khhl\_lkl\m_l� iZjZ� mkljhckl\�

\uihegyxsbo� mfgh`_gb_� b� keh`_gb_�� Z� dZ`^hfm� njZ]f_glm� \lhjh]h� lbiZ� khhl\_lkl\m_l� h^gh� mkljhckl\h

\uqbke_gby�nmgdpbc�gZkus_gby�

Ijhp_kk� wfmeypbb� kehy� g_cjhgghc� k_lb� gZ� g_cjhijhp_kkhj_� NM6403 khklhbl� ba� ihke_^h\Zl_evgh
\uihegy_fuo�fZdjhhi_jZpbc�� dZ`^Zy�ba� dhlhjuo� wfmebjm_l� h^bg�njZ]f_gl� kehy��Ijb� wlhf� qbkeh� \uihegy_fuo

fZdjhhi_jZpbc� jZ\gh� qbkem� njZ]f_glh\� \� keh_�� H[jZ[hldZ� ^Zgguo�� ih^Z\Z_fuo� gZ� g_cjhggu_� \oh^u�� \_^_lky

g_cjhijhp_kkhjhf�\�iZd_lghf�j_`bf_���ih�T�gZ[hjh\�\oh^guo�^Zgguo�\�dZ`^hf�iZd_l_��Ijb�\uiheg_gbb�dZ`^hc
fZdjhhi_jZpbb� ih� wfmeypbb� njZ]f_glZ� kehy� g_cjhgghc� k_lb� ihke_^h\Zl_evgh� \uihegyxlky� \uqbke_gby� ^ey

dZ`^h]h� gZ[hjZ� \oh^guo� ^Zgguo��Ihwlhfm� aZ� h^bg� ijhoh^� \k_o� njZ]f_glh\� kehy� g_cjhijhp_kkhj� \uqbkey_l� T
gZ[hjh\�\uoh^guo�agZq_gbc�g_cjhgh\��dZ`^uc�ba�dhlhjuo�khhl\_lkl\m_l�h^ghfm�ba�gZ[hjh\�\oh^guo�^Zgguo��Ijb

h[jZ[hld_�h^gh]h�iZd_lZ�\oh^guo�^Zgguo�agZq_gby�\_kh\uo�dhwnnbpb_glh\�b�kf_s_gbc�g_cjhgh\�g_�baf_gyxlky�

<_ebqbgZ�T�aZ^Z_lky�ijh]jZffgh�b�fh`_l�ijbgbfZlv�ex[h_�p_ehqbke_ggh_�agZq_gb_�\�^bZiZahg_�hl���^h����

���NHJF:LU�>:GGUO��H;J:;:LU<:?FUO

<�IJHP?KK?�WFMEYPBB�G?CJHGGUO�K?L?C

IZd_l� ^Zgguo�� ih^Z\Z_fuo� gZ� n�x� ]jmiim� g_cjhgguo� \oh^h\� kehy� g_cjhgghc� k_lb� (n = 1,2,…,N),

ij_^klZ\ey_l� kh[hc� \_dlhj� X

X

X

X

n

n
1

n
2

n
T

=
�



















, t�f we_f_glhf� dhlhjh]h� (t=1,2,…,T) y\ey_lky� \_dlhj

X n
t

n,1
t

n,2
t

n,Nn
t(X X X )= � , ν�f� we_f_glhf� X n,

t
ν  dhlhjh]h (ν = 1,2,…, Nn�� y\ey_lky� ^Zggh_� ba� t-]h� gZ[hjZ

\oh^guo�^Zgguo��ih^Z\Z_fh_�gZ�ν�c�\oh^�n-c�]jmiiu�g_cjhgguo�\oh^h\�kehy�

<_dlhj� X n
t
ij_^klZ\ey_l�kh[hc� ���jZajy^gh_�keh\h��\�dhlhjhf�miZdh\Zgh�Nn p_ehqbke_gguo�^Zgguo��Ijb

wlhf�feZ^rb_� jZajy^u� \_dlhjZ� X n
t
� y\eyxlky� jZajy^Zfb� i_j\h]h� ^Zggh]h� X n,1

t
�� ^Ze__� ke_^mxl� jZajy^u� \lhjh]h

^Zggh]h� X n,2
t
�b�l�^��KlZjrb_�jZajy^u�\_dlhjZ� X n

t
�y\eyxlky�jZajy^Zfb�Nn�]h�^Zggh]h X n,Nn

t . JZajy^ghklv�dZ`^h]h

^Zggh]h�� miZdh\Zggh]h� \� \_dlhj_� X n
t
�� fh`_l� ijbgbfZlv� ex[h_� q_lgh_� agZq_gb_� \� ^bZiZahg_� hl� �� ^h� ���� DZd

ke_^kl\b_�� dhebq_kl\h� ^Zgguo� Nn� \� \_dlhj_� X n
t
� fh`_l� ijbgbfZlv� ex[h_� p_ehqbke_ggh_� agZq_gb_� hl� �� ^h� ���
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?^bgkl\_ggh_� h]jZgbq_gb_� aZdexqZ_lky� \� lhf�� qlh� kmffZjgZy� jZajy^ghklv� \k_o� ^Zgguo�� miZdh\Zgguo� \� h^ghf

\_dlhj_ X n
t
��^he`gZ�[ulv�jZ\gZ�jZajy^ghklb�g_cjhijhp_kkhjZ������

Ijb�wfmeypbb�njZ]f_glZ�i_j\h]h�lbiZ��hkms_kl\eyxs_]h�\a\_r_ggh_�kmffbjh\Zgb_�n-c�]jmiiu�\oh^guo
^Zgguo�^ey�m�c�]jmiiu�g_cjhgh\ (n=1,2,…,N;  P ����«�0���g_cjhijhp_kkhj�\uihegy_l�ke_^mxsmx�hi_jZpbx�^ey

dZ`^h]h�t-]h�gZ[hjZ�\oh^guo�^Zgguo�(t=1,2,…,T):

Y Y X Wn,m
t

n-1,m
t

n
t

n,m= + × , (1)

]^_ :n,m

n,m,1,1 n,m,1,2 n,m,1,Mm

n,m,2,1 n,m,2,2 n,m,2,Mm

n,m,Nn,1 n,m,Nn,2 n,m,Nn,M m

=

W W W

W W W

W W W

�

�

� � �

�



















 - fZljbpZ�� we_f_glhf�Wn,m,ν,µ� dhlhjhc� y\ey_lky� \_kh\hc

dhwnnbpb_gl� ν�]h� \oh^Z� n-c� ]jmiiu� g_cjhgguo� \oh^h\� ^ey� µ�]h� g_cjhgZ� \� m�c� ]jmii_� g_cjhgh\� (ν=1,2,…,Nn;
µ=1,2,…,Mm);

Yn,m
t

n,m,1
t

n,m,2
t

n,m,Mm
t(Y Y Y )= � � �� \_dlhj�� µ�f� we_f_glhf� Yn,m,

t
µ  dhlhjh]h� y\ey_lky� j_amevlZl

\a\_r_ggh]h�kmffbjh\Zgby�^Zgguo��ih^Z\Z_fuo�gZ�\oh^u�n i_j\uo�]jmii�\oh^h\��^ey�µ�]h�g_cjhgZ�\�m�c�]jmii_
g_cjhgh\�(µ=1,2,…,Mm):

Y Y X Wn,m,
t

n-1,m,
t

n, n,m, ,

=1

Nn

µ µ ν ν µ
ν

= + ×∑ .

Ijbq_f� \� dZq_kl\_� \_dlhjZ� Y0,m
t

�� h[jZ[Zlu\Z_fh]h� i_j\uf� njZ]f_glhf� m�c� ]jmiiu� g_cjhgh\�

bkihevam_lky� \_dlhj� Vm m,1 m,2 m,Mm
(V V V )= � , µ�f� we_f_glhf� Vm,µ  dhlhjh]h� y\ey_lky� kf_s_gb_� µ�]h

g_cjhgZ�\�m�c�]jmii_�g_cjhgh\�(µ=1,2,…,Mm).

���jZajy^gu_�\_dlhju� Y1,m
t , Y2,m

t , … , YN,m
t

�b�Vm bf_xl�h^bgZdh\uc�nhjfZl���hgb�kh^_j`Zl�h^bgZdh\h_

qbkeh�0m� miZdh\Zgguo� \�gbo� ^Zgguo�� jZajy^ghklv� dZ`^h]h� ba� dhlhjuo�nbdkbjh\ZgZ� b�fh`_l� ijbgbfZlv� ex[h_

p_ehqbke_ggh_� agZq_gb_� hl� Nmin ^h� ���� AgZq_gb_� fbgbfZevghc� jZajy^ghklb� dZ`^h]h� we_f_glZ� \� wlbo� \_dlhjZo
aZ\bkbl� hl� kmffZjgh]h� qbkeZ�g_cjhgguo� \oh^h\� \� keh_�b� \ul_dZ_l�ba�g_h[oh^bfhklb�ba[_]Zlv� Zjbnf_lbq_kdh]h

i_j_iheg_gby�ijb�keh`_gbb�qbk_e�k�h^gbf�agZqZsbf�jZajy^hf�

N N n

n

N

min log ( )= +










=

∑1 2

1

.

IZjZf_lj�0m�fh`_l�ijbgbfZlv�agZq_gby�\�^bZiZahg_�hl���^h�  64 / minN .

ν-y� kljhdZ� (ν=1,2,…,Nn�� fZljbpu� Wn,m� ij_^klZ\ey_l� kh[hc� \_dlhj� \_kh\uo� dhwnnbpb_glh\

Wn,m, n,m, ,1 n,m, ,2 n,m, ,Mm
(W W W )ν ν ν ν= � ��bf_xsbc�lZdhc�`_�nhjfZl��qlh�b�\_dlhju� Y1,m

t , Y2,m
t , … , YN,m

t
�b

Vm.

<uiheg_gb_�hi_jZpbb� ����gZ^�\k_fb�\_dlhjZfb��\oh^ysbfb�\�khklZ\�iZd_lZ�Xn��aZ^Z_lky�h^ghc�dhfZg^hc

“vsum” g_cjhijhp_kkhjZ��>ZggZy�dhfZg^Z�\uihegy_lky�g_cjhijhp_kkhjhf�aZ�T�lZdlh\��ijbq_f�\�t�f�lZdl_�hi_jZpby

����\uihegy_lky�gZ^�\_dlhjZfb� X n
t
�b� Yn-1,m

t  (t=1,2,…,T).

GZkljhcdZ� ZiiZjZlguo� kj_^kl\� g_cjhijhp_kkhjZ� gZ� h[jZ[hldm� \_dlhjh\� ^Zgguo� lj_[m_fhc� jZajy^ghklb

hkms_kl\ey_lky�iml_f�ijh]jZffghc�aZ]jmadb�ke_^mxsbo�mijZ\eyxsbo�keh\�\�khhl\_lkl\mxsb_�dhgnb]mjZpbhggu_

j_]bklju�g_cjhijhp_kkhjZ�

• XBn - keh\h��aZ^Zxsb_�]jZgbpu�we_f_glh\�\�\_dlhjZo� X n
t ;

• YBm - keh\h�� aZ^Zxs__� ]jZgbpu we_f_glh\� \� \_dlhjZo� Y1,m
t , Y2,m

t , … , YN,m
t , Vm, Wn,m,1, Wn,m,2, … , Wn,m,Nn

(t=1,2,…,T).
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Ijb�wfmeypbb�njZ]f_glZ�\lhjh]h�lbiZ�^ey�m-c�]jmiiu�g_cjhgh\��P ����«�0��ijhp_kkhj�nhjfbjm_l�iZd_l

\_dlhjh\� OUT

OUT

OUT

OUT

m

m
1

m
2

m
T

=
�



















, t�f we_f_glhf� dhlhjh]h� (t=1,2,…,T) y\ey_lky� \_dlhj

OUTm
t

m,1
t

m,2
t

m,Mm
t(OUT OUT OUT )= � , µ�f� we_f_glhf� OUTm,

t
µ  dhlhjh]h� y\ey_lky� j_amevlZl� \uqbke_gby

nmgdpbb�gZkus_gby� FQm,µ
�gZ^�µ�f�we_f_glhf�YN,m,

t
µ �\_dlhjZ� YN,m

t  (µ=1,2,…,Mm):

OUT Ym,
t

Qm, N,m,
t

µ µ µ= F ( ) .

<uqbke_gb_� nmgdpbc� gZkus_gby� ^ey� \k_o� we_f_glh\� \k_o� \_dlhjh\�� \oh^ysbo� \� khklZ\� iZd_lZ� OUTm,
aZ^Z_lky�h^ghc�dhfZg^hc�³activate”�g_cjhijhp_kkhjZ��>ZggZy�dhfZg^Z�\uihegy_lky�g_cjhijhp_kkhjhf�aZ�T�lZdlh\�

Ijb�wlhf�\� t�f�lZdl_�nhjfbjm_lky�\_dlhj� OUTm
t  (t=1,2,…,T)��bf_xsbc�lhqgh�lZdhc�`_�nhjfZl��qlh�b�hibkZggu_

\ur_�\_dlhju� Y1,m
t , Y2,m

t , … , YN,m
t

�b�Vm.

GZkljhcdZ� ZiiZjZlguo� kj_^kl\� g_cjhijhp_kkhjZ� gZ� \uiheg_gb_� nmgdpbc� gZkus_gby� k� lj_[m_fufb

iZjZf_ljZfb�gZ^�\_dlhjZfb�lj_[m_fh]h�nhjfZlZ�hkms_kl\ey_lky�iml_f�ijh]jZffghc�aZ]jmadb�mijZ\eyxs_]h�keh\Z

Qm�\�khhl\_lkl\mxsbc�dhgnb]mjZpbhgguc�j_]bklj�g_cjhijhp_kkhjZ�

���IJBF?J�IJH=J:FFU�WFMEYPBB�KEHY�G?CJHGGHC�K?LB

<_kv�ijhp_kk�wfmeypbb�kehy�g_cjhgghc�k_lb�gZ�h^ghf�ijhp_kkhj_ NM6403�fh`gh�ij_^klZ\blv�\�\b^_�0
ihke_^h\Zl_evgh� \uihegy_fuo� ijhp_^mj�� dZ`^Zy� ba� dhlhjuo� hkms_kl\ey_l� wfmeypbx� h^ghc� ]jmiiu� g_cjhgh\� b

khklhbl�ba�1���ihke_^h\Zl_evgh�\uihegy_fuo�fZdjhhi_jZpbc��dZ`^Zy�ba�dhlhjuo�wfmebjm_l�h^bg�njZ]f_gl�kehy

g_cjhgghc�k_lb��Ijbq_f� Q�y�fZdjhhi_jZpby�^Zgghc�ijhp_^mju�hkms_kl\ey_l� wfmeypbx�njZ]f_glZ�i_j\h]h� lbiZ�

\uihegyxs_]h�\a\_r_ggh_�kmffbjh\Zgb_�^Zgguo��ih^Z\Z_fuo�gZ� Q�x� ]jmiim�g_cjhgguo� \oh^h\�� k�gZdhie_gb_f

j_amevlZlZ� (Q ����«�1���Ihke_^gyy� fZdjhhi_jZpby� ijhp_^mju� wfmebjm_l�njZ]f_gl� \lhjh]h� lbiZ�� \uihegyxsbc

\uqbke_gb_� nmgdpbc� gZkus_gby� hl� j_amevlZlh\� \a\_r_ggh]h� kmffbjh\Zgby� ^ey� khhl\_lkl\mxs_c� ]jmiiu

g_cjhgh\�

GZ� jbk�� �� ijb\_^_g� ijbf_j� ijhp_^mju� wfmeypbb� P�c� ]jmiiu� g_cjhgh\ ^ey�T� gZ[hjh\� \oh^guo� ^Zgguo
(m=2,3,…,M)��Ijhp_^mjZ�wfmeypbb�i_j\hc�]jmiiu�bf__l�jy^�hkh[_gghkl_c�gZ�wlZi_�wfmeypbb�i_j\h]h�njZ]f_glZ
�jbk�����qlh�k\yaZgh�k�g_h[oh^bfhklvx�aZ]jmadb�jy^Z�bkoh^guo�^Zgguo��h[sbo�^ey�\k_o�ijhp_^mj��b�hlkmlkl\b_f

j_amevlZlh\�wfmeypbb�ij_^u^ms_c�]jmiiu�g_cjhgh\��HklZevgu_�njZ]f_glu�i_j\hc�]jmiiu�g_cjhgh\�wfmebjmxlky

lZd�`_��dZd�b�\�hklZevguo�]jmiiZo�g_cjhgh\��Ijbf_ju�gZibkZgu�gZ�yaud_�Zkk_f[e_jZ�g_cjhijhp_kkhjZ NM6403��K
p_evx� ih\ur_gby� gZ]ey^ghklb� ijhp_^mju� hibkZgu� [_a� bkihevah\Zgby� pbdeh\�� i_j_oh^h\� b� ^jm]bo� hi_jZlhjh\�

mijZ\eyxsbo�ihlhdhf�dhfZg^��DZ`^Zy�kljhdZ�ijhp_^mju�kh^_j`bl�h^gm�Zkk_f[e_jgmx�dhfZg^m�b�dhff_glZjbc�d

g_c��gZqbgZxsbcky�kbf\heZfb�³//”.

<� jZkkfZljb\Z_fuo� ijhp_^mjZo� bkihevamxlky� ke_^mxsb_� j_]bklju� b [ehdb� \gmlj_gg_c� iZfylb

g_cjhijhp_kkhjZ�

• WOPER - [ehd�iZfylb�^ey�ojZg_gby�fZljbpu�\_kh\uo�dhwnnbpb_glh\��bkihevam_fhc�\�hi_jZpbyo�\a\_r_ggh]h
kmffbjh\Zgby�

• WBUF - [ehd�iZfylb�^ey�gZdhie_gby�\_dlhjh\��khklZ\eyxsbo�fZljbpm�\_kh\uo�dhwnnbpb_glh\�
• WFIFO - ^\moihjlh\h_� FIFO�� ij_^gZagZq_ggh_� ^ey� kbgojhgbaZpbb� ijhp_kkh\� ql_gby� \_dlhjh\� \_kh\uo

dhwnnbpb_glh\�ba�\g_rg_c�iZfylb�b�gZdhie_gby�fZljbpu�\_kh\uo�dhwnnbpb_glh\�\�WBUF;
• AFIFO  - �^\moihjlh\h_�FIFO��\uihegyxs__�nmgdpbb�ZddmfmeylhjZ�j_amevlZlh\�ijb�\uiheg_gbb�hi_jZpbc�gZ^

iZd_lZfb�\_dlhjh\�miZdh\Zgguo�^Zgguo�

• RAM  - h^ghihjlh\Zy�iZfylv�fZ]Zabggh]h� lbiZ��ij_^gZagZq_ggZy� ^ey� hi_jZlb\gh]h� ojZg_gby�iZd_lZ� \_dlhjh\
miZdh\Zgguo�^Zgguo�

• AR0, AR1, AR4 - Z^j_kgu_�j_]bklju�
• VR - j_]bklj�^ey�ojZg_gby�\_dlhjZ�kf_s_gbc�
• F2CR - j_]bklj�^ey�ojZg_gby�iZjZf_ljh\�nmgdpbc�gZkus_gby��\uqbkey_fuo�^ey�\_dlhjh\�miZdh\Zgguo�^Zgguo�



6

• SB1�b�SB2 - j_]bklju�^ey�ojZg_gby�mijZ\eyxs_]h�keh\Z��aZ^Zxs_]h�nhjfZl�\_dlhjh\�miZdh\Zgguo�^Zgguo��gZ^
dhlhjufb�\uihegy_lky�hi_jZpby�\a\_r_ggh]h�kmffbjh\Zgby�

• NB1 b� NB2 - j_]bklju� ^ey� ojZg_gby� mijZ\eyxs_]h� keh\Z�� aZ^Zxs_]h� nhjfZl� \_dlhjh\� j_amevlZlh\� ijb
\uiheg_gbb�hi_jZpbc�gZ^�\_dlhjZfb�miZdh\Zgguo�^Zgguo.

//******* Wfmeypby���]h�njZ]f_glZ�m-c�]jmiiu�g_cjhgh\ *******
nb1 = [YBm]; ���AZibkv�mijZ\eyxs_]h�keh\Z�YBm \�j_]bklj�NB1
sb1 = [XB1]; ���AZibkv�mijZ\eyxs_]h�keh\Z�XB1 \�j_]bklj�SB1
rep N1 wfifo = [ar4++], ftw;

���AZ]jmadZ�fZljbpu�W1,m�ba�\g_rg_c�iZfylb�\�WFIFO
// b�__�ihke_^mxsZy�i_j_kuedZ�ba�WFIFO�\�WBUF

wtw; // I_j_kuedZ�W1,m ba�WBUF \ WOPER
ar0 = X2; ���AZ]jmadZ�gZqZevgh]h�Z^j_kZ�iZd_lZ�\_dlhjh\�X2�\�j_]bklj�AR0
vr = [Vm]; ���AZ]jmadZ�\_dlhjZ�Vm \�j_]bklj�VR
rep T [ar1++] = afifo with vsum, ram, vr;

���I_j_kuedZ�OUTm-1�ba�AFIFO \h�\g_rgxx�iZfylv�

���\uqbke_gb_�\_dlhjZ� Y X W V1 1,m
t t

1,m m= × +

// �\_dlhj� X1
t
�kqblu\Z_lky�ba�\g_rg_c�iZfylb�

// b�_]h�aZibkv�\�AFIFO (t=1,2,…,T)
//******* Wfmeypby���]h�njZ]f_glZ�m-c�]jmiiu�g_cjhgh\ *******
sb1 = [XB2]; ���AZibkv�mijZ\eyxs_]h�keh\Z�XB2 \�j_]bklj�SB1
rep N2 wfifo = [ar4++], ftw;

���AZ]jmadZ�fZljbpu�W2,m�ba�\g_rg_c�iZfylb�\�WFIFO
// b�__�ihke_^mxsZy�i_j_kuedZ�ba�WFIFO�\�WBUF

wtw; // I_j_kuedZ�W2,m ba�WBUF \ WOPER
rep T data = [ar0++] with vsum, data, afifo;

// <uqbke_gb_�\_dlhjZ� Y X W Y2 2 1, ,m
t t

2,m m
t= × +

//�\_dlhj� X 2
t
�kqblu\Z_lky�ba�\g_rg_c�iZfylb�

//�b�_]h�aZibkv�\�AFIFO (t=1,2,…,32)

�

//******* Wfmeypby�N�]h�njZ]f_glZ�m-c�]jmiiu�g_cjhgh\ *******
sb1 = [XBN]; ���AZibkv�mijZ\eyxs_]h�keh\Z�XBN \�j_]bklj�SB1
rep NN wfifo = [ar4++], ftw;

���AZ]jmadZ�fZljbpu�WN,m�ba�\g_rg_c�iZfylb�\�WFIFO
// b�__�ihke_^mxsZy�i_j_kuedZ�ba�WFIFO�\�WBUF

wtw; // I_j_kuedZ�fZljbpu�WN,m ba�WBUF \ WOPER
rep T data = [ar0++] with vsum, data, afifo;

���<uqbke_gb_�\_dlhjZ� Y X W YN m
t

N
t

N,m N m
t

, ,= × + −1

//�\_dlhj� X N
t
�kqblu\Z_lky�ba�\g_rg_c�iZfylb�

//�b�_]h�aZibkv�\�AFIFO (t=1,2,…,32)
//******* Wfmeypby��N����]h�njZ]f_glZ�m-c�]jmiiu�g_cjhgh\ *******
f2cr = [Qm]; ���AZibkv�mijZ\eyxs_]h�keh\Z�Qm \�j_]bklj�F2CR
rep T vsum, 0, activate afifo;

// <uqbke_gb_�\_dlhjZ�OUT Ym
t

Qm N m
t= F ( ), ,

// aZibku\Z_fuc�\�AFIFO (t=1,2,…,32)

Jbk����Ijhp_^mjZ�wfmeypbb�m-c�]jmiiu�g_cjhgh\��m=2,3,…,M)
//******* Wfmeypby���]h�njZ]f_glZ�1-c�]jmiiu�g_cjhgh\ *******
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ar4 = W1,1; // AZ]jmadZ�gZqZevgh]h�Z^j_kZ�fZljbpu�W1,1�\�j_]bklj�AR4
nb1 = [YB1]; ���AZibkv�mijZ\eyxs_]h�keh\Z�YB1 \�j_]bklj�NB1
sb1 = [XB1]; ���AZibkv�mijZ\eyxs_]h�keh\Z�XB1 \�j_]bklj�SB1
rep N1 wfifo = [ar4++], ftw;

���AZ]jmadZ�fZljbpu�W1,1�ba�\g_rg_c�iZfylb�\�WFIFO
//�b __�ihke_^mxsZy�i_j_kuedZ�ba�WFIFO�\�WBUF

wtw; // I_j_kuedZ�W1,1 ba�WBUF \ WOPER
ar1 = OUT1; ���AZ]jmadZ�gZqZevgh]h�Z^j_kZ�iZd_lZ�\_dlhjh\�OUT1�\�j_]bklj�AR1
ar0 = X1; ���AZ]jmadZ�gZqZevgh]h�Z^j_kZ�iZd_lZ�\_dlhjh\�X1�\�j_]bklj�AR0
vr = [V1]; ���AZ]jmadZ�\_dlhjZ�V1 \�j_]bklj�VR
rep T data, ram = [ar0++] with vsum ,data, vr;

���i_j_kuedZ�\_dlhjZ� X1
t
�ba�\g_rg_c�iZfylb�\�RAM,

// \uqbke_gb_�\_dlhjZ� Y X W V1 1,1
t t

1,1 1= × +
//�b�_]h�aZibkv�\�AFIFO (t=1,2,…,32)

Jbk����Ijhp_^mjZ�wfmeypbb�i_j\h]h�njZ]f_glZ�i_j\hc�]jmiiu�g_cjhgh\

Ijbq_f�kh^_j`bfh_�j_]bkljh\�SB1 b�NB1�bkihevam_lky�^ey�mijZ\e_gby�ijhp_kkhf�gZdhie_gby�fZljbpu
\_kh\uo� dhwnnbpb_glh\� \�WBUF�� Z� kh^_j`bfh_� j_]bkljh\�SB2 b�NB2 - ^ey� mijZ\e_gby� ijhp_kkhf� \uiheg_gby
hi_jZpbc� gZ^� \_dlhjZfb� miZdh\Zgguo� ^Zgguo�� GZebqb_� \� g_cjhijhp_kkhj_� WBUF, SB1 b� NB1� h[_ki_qb\Z_l
h^gh\j_f_ggh_�\uiheg_gb_�^\mo�ijhp_kkh\��\uiheg_gby�\a\_r_ggh]h�kmffbjh\Zgby� l_dms_]h�iZd_lZ�\_dlhjh\�b

gZdhie_gby�fZljbpu�\_kh\uo�dhwnnbpb_glh\�^ey�h[jZ[hldb�ke_^mxs_]h�iZd_lZ�\_dlhjh\�

Kbkl_fZ�dhfZg^�g_cjhijhp_kkhjZ�kh^_j`bl�dhfZg^u�^\mo�lbih\��kdZeyjgu_�beb�\_dlhjgu_�

KdZeyjgu_� dhfZg^u� y\eyxlky� h[uqgufb� ^ey� RISC-ijhp_kkhjh\� dhfZg^Zfb� b� aZ^Zxl� h^ghdjZlgh_
^_ckl\b_��<�ij_^klZ\e_gghf�ijbf_j_�bkihevamxlky�kdZeyjgu_�dhfZg^u�^\mo�\b^h\�

• <j_]bklj> = <bfy�i_j_f_gghc>; ��aZibkv�Z^j_kZ�i_j_f_gghc�\�mdZaZgguc�j_]bklj�

• <j_]bklj>  = [<bfy�i_j_f_gghc>]; ��i_j_kuedZ�i_j_f_gghc�ba�\g_rg_c�iZfylb�\�mdZaZgguc�j_]bklj�

<_dlhjgu_�dhfZg^u�ij_^gZagZq_gu�^ey�\uiheg_gby�hi_jZpbc�gZ^�iZd_lZfb�\_dlhjh\�miZdh\Zgguo�^Zgguo�

:kk_f[e_jgh_� ij_^klZ\e_gb_� \_dlhjghc� dhfZg^u� aZdZgqb\Z_lky� kbf\hehf� ³;´� b� fh`_l� kh^_j`Zlv� g_kdhevdh
hi_jZlhjh\�� i_j_qbke_gguo� q_j_a� aZiylmx� beb� gZqbgZxsboky� kh� kem`_[gh]h� keh\Z “with ” �� DZ`^uc� hi_jZlhj
\_dlhjghc�dhfZg^u�aZ^Z_l�\uiheg_gb_�h^ghc�hi_jZpbb��<k_�hi_jZpbb��aZ^Z\Z_fu_�h^ghc�dhfZg^hc��\uihegyxlky

h^gh\j_f_ggh�

<� \_dlhjghc� dhfZg^_� ij_nbdk� ³rep <K>´� hagZqZ_l�� qlh� dZ`^uc� hi_jZlhj� ^Zgghc� dhfZg^u� [m^_l
ihke_^h\Zl_evgh� \uihegylvky� K� jZa�� Lh� _klv� ih� k\h_fm� ^_ckl\bx� \_dlhjgZy� dhfZg^Z� wd\b\Ze_glgZ

iZjZf_ljbq_kdhfm�pbdem��l_eh�dhlhjh]h�khklhbl�ba�h^ghc�dhfZg^u��Z�qbkeh�ih\lhj_gbc�jZ\gh�K.

<�ijbf_jZo��ij_^klZ\e_gguo�gZ�jbk���b����bkihevamxlky�ke_^mxsb_�hi_jZlhju�\_dlhjguo�dhfZg^�

• wfifo = [ar<i>++]  ��i_j_kuedZ�\_dlhjZ�\_kh\uo�dhwnnbpb_glh\�ba�\g_rg_c�iZfylb��Z^j_km_fhc�q_j_a�j_]bklj
ARi k�bkihevah\Zgb_f�Z\lhbgdj_f_glgh]h�f_lh^Z�Z^j_kZpbb��\�WFIFO;

• ftw �� i_j_kuedZ� fZljbpu� \_kh\uo� dhwnnbpb_glh\� ba� WFIFO� \� WBUF� �hi_jZpby� \uihegy_lky� aZ� ��� lZdlZ
g_aZ\bkbfh�hl�agZq_gby�iZjZf_ljZ�K \�ij_nbdk_�³rep <K>”);

• wtw���h^gh\j_f_ggZy�i_j_kuedZ�fZljbpu�\_kh\uo�dhwnnbpb_glh\�ba�WBUF�\�WOPER��kh^_j`bfh]h�j_]bkljZ
SB1�\�j_]bklj�SB2�b�j_]bkljZ�NB1�\�j_]bklj�NB2 �hi_jZpby�\uihegy_lky�aZ�h^bg�lZdl��

• data = [ar<i>++] - ql_gb_� \_dlhjZ� miZdh\Zgguo� ^Zgguo�ba� \g_rg_c�iZfylb�� Z^j_km_fhc� q_j_a� j_]bklj�ARi k
bkihevah\Zgb_f�Z\lhbgdj_f_glgh]h�f_lh^Z�Z^j_kZpbb�

• data, ram = [ar<i>++] ��ql_gb_�\_dlhjZ�miZdh\Zgguo�^Zgguo�ba�\g_rg_c�iZfylb��Z^j_km_fhc�q_j_a�j_]bklj�ARi k
bkihevah\Zgb_f�Z\lhbgdj_f_glgh]h�f_lh^Z�Z^j_kZpbb��b�_]h�aZibkv�\�RAM;

• [ar<i>++] = afifo  - i_j_kuedZ�\_dlhjZ�miZdh\Zgguo�^Zgguo�ba�AFIFO \h�\g_rgxx�iZfylv�� Z^j_km_fmx�q_j_a
j_]bklj�ARi k�bkihevah\Zgb_f�Z\lhbgdj_f_glgh]h�f_lh^Z�Z^j_kZpbb�
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• vsum, ram, vr - keh`_gb_�\_dlhjZ��ojZgys_]hky�\�j_]bklj_�VR��k�ijhba\_^_gb_f�\_dlhjZ��kqblu\Z_fh]h�ba�RAM,
gZ�fZljbpm�\_kh\��ojZgysmxky�\�WOPER��b�aZibkv�knhjfbjh\Zggh]h�\_dlhjZ�j_amevlZlh\�\�AFIFO;

• vsum, data, afifo� �� keh`_gb_� \_dlhjZ�� kqblu\Z_fh]h� ba� AFIFO�� k� ijhba\_^_gb_f� \_dlhjZ�� kqblu\Z_fh]h� ba
\g_rg_c�iZfylb�k�ihfhsvx�h^gh]h�ba�hibkZgguo�\ur_�hi_jZlhjh\��gZ�fZljbpm�\_kh\��ojZgysmxky�\�WOPER��b
aZibkv�\_dlhjZ�j_amevlZlh\�\�AFIFO;

• vsum, 0, activate afifo ��\uqbke_gby�nmgdpbc�gZkus_gby�^ey�we_f_glh\�\_dlhjZ��kqblZggh]h�ba�AFIFO��b�aZibkv
\_dlhjZ�j_amevlZlh\�\�AFIFO.

Dhg\_c_j� \uiheg_gby� dhfZg^� \� g_cjhijhp_kkhj_� NM6403 iha\hey_l� gZqZlv� \uiheg_gb_� hq_j_^ghc
kdZeyjghc� beb� \_dlhjghc� dhfZg^u� g_� ^h`b^Zykv� hdhgqZgby� \uiheg_gby� ij_^u^ms_c� \_dlhjghc� dhfZg^u�� Wlh

\hafh`gh� \� l_o� kemqZyo�� dh]^Z� j_kmjku� g_cjhijhp_kkhjZ�� g_h[oh^bfu_� ^ey� \uiheg_gby� hq_j_^ghc� dhfZg^u�� g_

aZgylu�ij_^u^msbfb�\_dlhjgufb�dhfZg^Zfb��<�h[s_f�kemqZ_�g_cjhijhp_kkhj�iha\hey_l�h^gh\j_f_ggh�\uihegylv

^h�iylb�\_dlhjguo�dhfZg^�b�h^gm�kdZeyjgmx� <�ijbf_j_��ijb\_^_gghf�gZ�jbk����\k_�dhfZg^u��ho\Zq_ggu_�h^ghc
kdh[dhc�³{ ´��jZkiheh`_gghc�ke_\Z�hl�dhffZg^��\uihegyxlky�gZ�nhg_�ij_^r_kl\mxs_c�bf�\_dlhjghc�dhfZg^u�

Ijb�jZ[hl_�k�[ukljh^_ckl\mxs_c�\g_rg_c�iZfylvx��iha\heyxs_c�\uihegylv�pbdeu�ql_gby�b� aZibkb� aZ

h^bg�lZdl��dZ`^Zy�kdZeyjgZy�dhfZg^Z�\uihegy_lky�aZ�h^bg�lZdl��dZ`^Zy�\_dlhjgZy�dhfZg^Z��kh^_j`ZsZy�hi_jZlhj

³IWZ´����aZ����lZdlZ�(g_aZ\bkbfh�hl�gZebqby�beb�hlkmlkl\by�\�g_c�ij_nbdkZ�³UHS��K>”) ��Z�dZ`^Zy�\_dlhjgZy�dhfZg^Z�
g_�kh^_j`ZsZy�hi_jZlhj�³IWZ´����aZ�K lZdlh\��<�h[s_f�kemqZ_�wfmeypby�kehy�g_cjhgghc�k_lb�^ey�T�gZ[hjh\�\oh^guo

^Zgguo� fh`_l� [ulv� \uiheg_gZ� ijb[ebabl_evgh� aZ�  34 1× + × ×( )N M T / 32  lZdlh\�� Ijb� wlhf� \� \_dlhjguo

dhfZg^Zo��\uihegyxsbo�\a\_r_ggh_�kmffbjh\Zgb_��ke_^m_l�bkihevah\Zlv�iZjZf_lj�K��jZ\guc� ����Ijb�f_gvrbo

agZq_gbyo�K \uqbkebl_evgu_�j_kmjku�g_cjhijhp_kkhjZ�[m^ml�ijhklZb\Zlv�\h�\j_fy� aZ]jmadb�hq_j_^ghc�fZljbpu
\_kh\uo�dhwnnbpb_glh\�\�WBUF��qlh�ijb\_^_l�d�m\_ebq_gbx�^ebl_evghklb�ijhp_kkZ�wfmeypbb�

D� kh`Ze_gbx�� \� ^Zgghc� klZlv_� g_� ij_^klZ\ey_lky� \hafh`guf� ijhbeexkljbjh\Zlv� kihkh[ghklv

g_cjhijhp_kkhjZ� \uihegylv� dhffmlZpbx� we_f_glh\� \� \_dlhjZo� miZdh\Zgguo� ^Zgguo��Ijb� wfmeypbb� g_cjhgguo

k_l_c�^ZggZy�kihkh[ghklv�g_cjhijhp_kkhjZ�iha\hey_l�\uihegblv�[he__�iehlgmx�miZdh\dm�j_amevlZlh\�\�\_dlhjZo�

nhjfbjm_fuo� gZ� \uoh^Zo� dZ`^h]h� kehy� g_cjhgghc� k_lb��>ZggZy� hi_jZpby� fh`_l� \uihegylvky� h^gh\j_f_ggh� k

\uqbke_gb_f�nmgdpbc�gZkus_gby�b�h[_ki_qb\Z_l�mf_gvr_gb_�qbkeZ�\uoh^guo�\_dlhjh\�

���IHKLJH?GB?�FGH=HIJHP?KKHJGUO�G?CJHGGUO�<UQBKEBL?E?C
G:�;:A?�IJHP?KKHJ:�NM6403

G_cjhijhp_kkhj NM6403� bf__l� ke_^mxsb_� ZiiZjZlgu_� kj_^kl\Z�� ij_^gZagZq_ggu_� ^ey� ihkljh_gby
fgh]hijhp_kkhjguo�kbkl_f�gZ�_]h�hkgh\_�

• ^\Z� [Zclh\uo� dhffmgbdZpbhgguo� ihjlZ� CP0 b CP1�� dZ`^uc� ba� dhlhjuo� iha\hey_l� hkms_kl\eylv� h[f_g
bgnhjfZpb_c�f_`^m�g_cjhijhp_kkhjhf�b�_]h�Z[hg_glhf��bf_xsbf� lZdhc�`_�ihjl�� kh� kdhjhklvx� ���F[Zcl� \

k_dmg^m�

• ^\Z�ijh]jZffbjm_fuo�bgl_jn_ckZ� k� ���jZajy^gufb� \g_rgbfb�rbgZfb� �ehdZevghc�b� ]eh[Zevghc��� dZ`^uc�ba

dhlhjuo� ih^^_j`b\Z_l� ljb� jZaebqguo� fmevlbijhp_kkhjguo� dhgnb]mjZpbb� \g_rg_c� rbgu�� Ih^dexq_gb_� d

h^ghc� rbg_� g_kdhevdbo� g_cjhijhp_kkhjh\� iha\hey_l� bf� h[f_gb\Zlvky� bgnhjfZpb_c� q_j_a� h[smx� iZfylv�

jZkiheh`_ggmx�gZ�wlhc�`_�rbg_��Ijbq_f��ih^dexq_gb_�d�h^ghc�rbg_�^\mo�g_cjhijhp_kkhjh\�hkms_kl\ey_lky

[_a� bkihevah\Zgby� ^hihegbl_evghc� mijZ\eyxs_c� ZiiZjZlmju��Kdhjhklv� h[f_gZ� ^Zggufb� q_j_a� h[smx�rbgm

fh`_l�^hklb]Zlv�����F[Zcl�\�k_dmg^m�

GZ� jbk��� b� �� ijb\_^_gu� ijbf_ju� ihkljh_gby� gZ� [Za_� 10����� fgh]hijhp_kkhjguo� kbkl_f�� bf_xsbo

ebg_cgmx��dhevp_\mx��b�fZljbqgmx��lhjhb^Zevgmx��kljmdlmju��Ijb�bkihevah\Zgbb�dhffmgbdZpbhgguo�ihjlh\�^ey

h[f_gZ� bgnhjfZpb_c�f_`^m� ^\mfy� g_cjhijhp_kkhjZfb� CP0 h^gh]h� g_cjhijhp_kkhjZ� ^he`_g� [ulv� ih^dexq_g� d
CP1 ̂ jm]h]h�g_cjhijhp_kkhjZ��Ijb� h[f_g_�bgnhjfZpb_c� q_j_a� h[smx� iZfylv� \g_rgyy�rbgZ�� kh_^bgyxsZy� ^\Z

g_cjhijhp_kkhjZ��^he`gZ�[ulv�ehdZevghc�^ey�h^gh]h�g_cjhijhp_kkhjZ�b�]eh[Zevghc�^ey�^jm]h]h�g_cjhijhp_kkhjZ�

G_h[oh^bfh� hlf_lblv�� qlh� nmgdpbhgZevgh� b� we_dljbq_kdb� dhffmgbdZpbhggu_� ihjlu� g_cjhijhp_kkhjZ

NM6403 iheghklvx� kh\f_klbfu� k� dhffmgbdZpbhggufb�ihjlZfb�PIK�TMS320C4x�nbjfu�Texas Instruments [7].
JZaebqgu_� fh^bnbdZpbb� ^Zggh]h� PIK� bf_xl� hl� q_luj_o� ^h�r_klb� dhffmgbdZpbhgguo� ihjlh\�� qlh� iha\hey_l

bkihevah\Zlv� wlhl� ijhp_kkhj� \� dZq_kl\_� fhsgh]h� dhffmlbjmxs_]h� we_f_glZ� ijb� kha^Zgbb� gZ� [Za_ NM6403
fmevlbijhp_kkhjguo�g_cjhgguo�kbkl_f�keh`guo�dhgnb]mjZpbc�
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Jbk���. FZljbqgZy�fgh]hijhp_kkhjgZy�kljmdlmjZ gZ�[Za_�ijhp_kkhjZ�NM6403.

Kbkl_fZ��khklhysZy�ba�K�g_cjhijhp_kkhjh\�10�����[m^_l�\uihegylv�wfmeypbx�g_cjhgghc�k_lb�\�K�jZa

[uklj__��q_f�h^bg�g_cjhijhp_kkhj��<�ij_^_evghf�kemqZ_�dZ`^uc�njZ]f_gl�dZ`^h]h�kehy�g_cjhgghc�k_lb�fh`_l

wfmebjh\Zlvky�hl^_evguf�g_cjhijhp_kkhjhf�

���HP?GD:�IJHBA<H>BL?EVGHKLB�G?CJHIJHP?KKHJ:
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Hkgh\ghc� hi_jZpb_c�� \uihegy_fhc� ijb� wfmeypbb� g_cjhgguo� k_l_c�� y\ey_lky� \a\_r_ggh_� kmffbjh\Zgb_.
Ihwlhfm� ijhba\h^bl_evghklv� g_cjhijhp_kkhjh\� h[uqgh� hp_gb\Z_lky� ih� agZq_gbx� iZjZf_ljZ� ³dhebq_kl\h

kh_^bg_gbc�\�k_dmg^m´��CPS) [8]��Ih^�CPS�Z\lhju�ih^jZamf_\Zxl�dhebq_kl\h�hi_jZpbc�mfgh`_gby�k�gZdhie_gb_f�
\uihegy_fuo�aZ�h^gm�k_dmg^m��<�h[s_f�kemqZ_�fZdkbfZevgh_�agZq_gb_�CPS�^ey�g_cjhijhp_kkhjZ�NM6403�aZ\bkbl
hl�jZajy^ghklb�\oh^guo�^Zgguo�NX�b�jZajy^ghklb�\_kh\uo�dhwnnbpb_glh\�NW:

CPS
64

N

64

N N log
64

N

f
X

X W 2
X

=








 ×

+ +






























× ijb�NX,>1 b�NW >1,

CPS
64

N

64

N log
64

N

f
X

X 2
X

=








 ×

+






























× ijb�NX,> 1 b�NW = 1,

CPS 32
64

N 5
f

W

= ×
+









 × ijb�NX = 1 b�NW > 1,

CPS 1024 f= × ijb�NX = NW = 1,
]^_ f = 50*106 =p - lZdlh\Zy�qZklhlZ�ijhp_kkhjZ�

J_amevlZlu�\uqbke_gby�CPS g_cjhijhp_kkhjZ�NM6403�^ey�jy^Z�gZb[he__�jZkijhkljZg_gguo� agZq_gbc�NX b
NW�ij_^klZ\e_gu�gZ�jbk���\�\b^_�]bklh]jZff�b�k\b^_l_evkl\mxl�h�_]h�\ukhdhc�ijhba\h^bl_evghklb��>ey�kjZ\g_gby

\�lZ[e���ijb\_^_gu�hkgh\gu_�iZjZf_lju�ba\_klguo�g_cjhijhp_kkhjh\��^_lZevguc�ZgZeba�dhlhjuo�^Z_lky�\�jZ[hl_

[8].

LZ[ebpZ����Ijhba\h^bl_evghklv�pbnjh\uo�g_cjhqbih\�

NbjfZ��Lbi Dhgnb]mjZpby CPS 1) CPSPW 2) CPPS 3) CUPS 4) Patterns/
s

Nuralogix, NLX-420 32-16, 8-bit mode 10M 20k 640M na 20k
Hecht-Nielson, 100 NAP 4-chips, 2M wts,

16bit Mantissa
250M 125 256G 64M na

Hitachi, WSI 576 neuron Hopfield 138M 3,7 9,9G na na
Inova, N64000 64-64-1, 8bit mode 871M 3.4k,

128k wts
55.7G 220M 100k

IBM, ZISC036 64 8bit element input
vectors

na na na na 250k

MCE, MT19003 4-4-1, 32MHz 32M 32M 6.8G na 140k
Micro Devices, MD-1220 8-8 8.9M 1.1M 142M na 139k
Nestor/Intel, Ni1000 256 5bit element

input vectors
na na na na 40k

Philips, Lneuro-1 1-chip, 8bit mode 26M 26k 1.6G 32M na
Siemens, MA-16 1-chip, 25MHz 400M 15M 103G na 40k
RC Module, NM6403 8bit mode, 50MHz 1200M 150M 76.8G na na

Ijbf_qZgby� 1) CPS - dhebq_kl\h�kh_^bg_gbc�\�k_dmg^m�

2) CPSPW = CPS/Nw Nw - dhebq_kl\h�kbgZikh\�\�g_cjhg_�

3) CPPS - dhebq_kl\h�kh_^bg_gbc�ijbfblb\h\�\�k_dmg^m
CPPS = CPS*Bw*Bs, ]^_ Bw, Bs - jZajy^ghklv�\_kh\�b�kbgZikh\.

4) CUPS - Connection-Update-Per-Second.
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Jbk����Ibdh\Zy�ijhba\h^bl_evghklv�g_cjhijhp_kkhjZ�\�aZ\bkbfhklb�hl

jZajy^ghklb�\oh^guo�^Zgguo�b�\_kh\uo�dhwnnbpb_glh\

���A:DEXQ?GB?

Gh\uc� g_cjhijhp_kkhj NM6403� h[eZ^Z_l� mgbdZevguf� k\hckl\hf� jZ[hlZlv� k� ^Zggufb� i_j_f_gghc
jZajy^ghklb�b� kihkh[_g� m\_ebqb\Zlv� k\hx�ijhba\h^bl_evghklv� k� mf_gvr_gb_f� jZajy^ghklb� hi_jZg^h\��Wlh� ^Zzl

\hafh`ghklv� ijh]jZffbklm� gZoh^blv� hilbfZevgh_� khhlghr_gb_� f_`^m� lhqghklvx� \uqbke_gbc� b

ijhba\h^bl_evghklvx��dhlhjZy�gZ�qZklhl_����F=p�fh`_l�f_gylvky�\�^bZiZahg_�hl����MCPS ����jZajy^gu_�\_kZ�b
\oh^gu_�^Zggu_��^h������G&36��h^gh[blh\u_�\_kZ�b�\oh^gu_�^Zggu_��

<ukhdZy� ijhba\h^bl_evghklv�NM6403� b� gZebqb_� jZa\blh]h� bgl_jn_ckZ� iha\heyxl� bkihevah\Zlv� ^Zgguc
g_cjhijhp_kkhj� ^ey� g_cjhmkdhjbl_e_c� \� i_jkhgZevguo� W<F�� Z� lZd`_� dZd� [Zah\uc� we_f_gl� ijb� ihkljh_gbb

[hevrbo�g_cjhdhfivl_jguo�iZjZee_evguo�\uqbkebl_evguo�kbkl_f�
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