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X I)K `7K�^ `,Z K�_�`&�PL,LMK�� L�i)K=L�[�a+g b���g'�PL�[q`7I�l i)K�^)_WL)[�p6K�i�p6K����dc>` b L)gPK�`�^�`MI)K j �'�����zce[�a�gM`4c��
�'p >�K�_�`�[�ZPK�^L� - K�b �GY5�dc�KWLEl�[�a�[�l,[�^&b-`�[��'a � b-a�ifb�_ZI�[[K�Z\[�a+gMbWY5�dc�KWLKYXL��+�*�[Ku^)]�[�`&b�p��;K�j �PL
^�[�l,Y+�;K+�!LMK���[ob-p��;K�b�a�i b-_�_�]XL&b-`MK|_ZI*b L�b�_�`MKWL�[�^&b-`�[��'a } X K�^)`K^MKW< ])K�a�_WK�^�ce[q`7I ���dc3K=L Y��zc�KWL
Y)L)�+�*�;K�^~b������zc�I�[�gPI)KWL�`MK�^)`�_���a�_�])L�LMK�a�_�m ]�a�iXKWL�b�g'[qZPK�arY��zc�KWL~_���a�^)`ML&b�[�a `�} X IXK ]�^�Kk��j
b�_�_�])L�b-`7K iXK�^�_=L�[�Y+`&[��'a�^
��j Y��dc3K=L
Y)L)�+�*�;K�^
_Ob-aEb���^)�w[�a+_WLMK�b�^MK�`7I)K�`MK�^ `C_��'a+_�])L�LMK�a+_�mE]�a+i)KWL
Y��zc�KWL"_��'a+^)`7L�b�[�ah`�^3b�^�[�`CL�K�i�]�_=K�^3`MI)K(j b���^�K�Y��dc3K=L"_��'l,Y��'a)K�ah`*�-c I+[�_ZIK[�^CK=< ]�[�Z-b��[K�ah`"ce[q`7I
I*bOZ\[�a�gE`MK�^)`�^MK=< ])K�a�_=K�^~ce[�`7I ���dc�KWL�Y��dc3K=L�Y)L)�+�*�[K�^�}
X I)K [�a+Y�]+`E`&�M`MI)K8`7K�^ ` ZPK�_�`&�PL L�K��PL)i)KWL)[�a�gGb���g'�PL�[q`7I�l [�^ `7I)K [�a�Y�]+`E`ML&b�a�^)[�`�[��'afgPL�b�Y)I
i)K�^�_WL)[�p6K�ivpTK����dc�}����'a�^�[�i)KWL~bE`7K�^)`~^MK=<\]XK�a�_=K X O8ce[q`7I ( `7K�^ `eZPK�_�`&�PL)^wb�a+iv�[K�`��������
��� #�� � pTKE`7IXK�_��PLML�K�^)Y5�'a+i�[�a�gv[�a�Y+]+`@`7L�b�a�^�[q`&[��'angPL&b�YXI }�� X�� [�^Rb _��'l,Y+�;K�`MKEi�[;L�K�_�`7K�i
gPL�b�Y)IMce[�`MI������ �"! a��\i)K�^Rb�a�i#� � ���"!$�%!'& � � K�i+gPK�^���c I)K=LMK KOb-_ZIya��\i)K)(+*-,.�
LMK�Y)LMK�^MK�a `�^3b Z K�_�`��PL [�a X O@b�a�i KOb-_ZI K�i�gPK���(+* # (0/ � , � LMK�Y)LMK�^MK�ah`�^�`MI)K(^�]�_�_WK�^)^�[��'a b ` `7I)K
Y)L)[�l,b L)m [�a�Y�]+`�^ ��j1(+* b�a�i2(0/d} X I)K�� X�� K�i�gPK�^eb LMK6�ob�p6K����;K�i,b�_�_��PL)i�[�a�gk`&� `MI)K@b�l��']�ah`
��j@Y��dc3K=L|i�[�^�^�[�Y*b-`MK�i�[�ax`MI)Kr_�[;L�_�]�[�`�phmT`7I)Kv_��PL�LMK�^)Y5��a�i�[�a+g [�a+Y�]+`�`7L&b-a�^�[q`&[���a�^�} X I)K
K�i+gPK c�K�[�g I `�^�b LMK _��'l�Y�]+`MK�iMi�[ d K=LMK�ah`���m i)K�Y6K�a+i�[�a�g8��aW`7I)K `MK�^ `Rb�Y�Y���[�_Ob `&[���av^)_ZI)K�l K&�
`7K�^)` ? Y6KWL ? _����t_��|� L `7K�^ ` ? YTK=L ? ^)_Ob�a$3 c54 OXR76�p98 �

� �4aEb~`7K�^ ` ? YTK=L ? _����\_�:w`7K�^)`&[�a�gw^)_ZI)K�l K<; K�ZPKWL m _����\_�:�_�m\_��[K�b~`MK�^)`3ZPK�_�`&�PL3[�^"b�Y�Y���[;K�iR`&�
`MI)K�YXL�[�l,b L mK[�a+Y�]+`&^/��j5`7I)K~_�[[L�_�]+[�`O} � b-_ZI K�i+gPK=�%( * # (>/ � [�a)� X�� [�^Cc�K�[�g I `MK�iuce[q`7I
`MI)K|Y��zc�KWL � _��'a�^)]�l,K�if[�a `MI)Ku_�[;L)_�]�[q`Ki�])L)[�a�g `7I)K,`7L&b-a�^�[q`&[���ay��j�`MI)K|Y)L)[�l,b L)m
[�a�Y�]+`�^ujVL��'l (+*@`&�?(0/+�A@CBED%F�G�HI��(+* # (0J � � � ��(+* # (>J � }Oc����6Y�b�[;L)^K��(+* # (>J � # DAL�
M # (+* # (>J�,$� I*bOZPKk`��,p6K ^)[�lK]+�ob-`MK�i ]�^�[�a�g|b�Y5�dc�KWL�K�^ `&[�l,b-`�[��'a8`&�\�'� [�ar�PL)i)KWLe`&�
_��'l,Y+]+`7Kw`MI)KN� X�� K�i�gPK@c�K�[�gPIh`&^�}

� �4aMb�`7K�^ ` ? YTK=L ? ^)_Ob�aW`MK�^ `&[�a+g|^�_ZI)K�l,KO; b,`MK�^)`6ZPK�_�`&�PL6[�^�P)L�^)`6^MI�[qj `7K�iM[�ah`&��`7I)KK^)_Ob�a
_ZI*b-[�a i�]XL�[�a+gRQ _����t_�:n_�m\_��;K�^I;
c I)KWL�KSQ [�^R`7I)K|�[K�a�g-`7I ��j�`7I)K|^)_Ob�af_ZI�b�[�aT;"`7I)K
���hb�i)K�iE^)`&[�lK]���]�^3i*b ` bw[�^
b�Y�Y���[;K�ik`&�@`7I)K�_��'lKp+[�a*b-`�[��'a�b��tY�b L)`C�-j�`MI)K�p����t_�:Ri�])L)[�a�g
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_����\_�:|_�m\_��[KNQ����7; b�a�i `7I)K�_�[;L�_�]�[�` LMK�^)Y5��a�^MKR[�^�^�I�[�j `MK�i ? �']+`~i�])L)[�a�gK`MI)KkaXK�s\`�Q
_����\_�:T_�m\_��;K�^ ;�c I�[��;K `7I)Kva)K�s\`|`MK�^)`uZPK�_�`&�PLu[�^�^�[�l ]���`&b�a)K���]�^��qm ^MI�[qj `7K�i�[�ah`&�G`7I)K
^)_Ob�ay_ZI*b�[�a } � i�gPKR��(+* # (>J � [�a � X�� [�^@c�K�[�g I `MK�iGce[�`7In`7IXK�Y��dc3K=Lk_��'a�^)]�l,K�i phm
`MI)Kr^)[�lK]��q` b�aXK��']�^,^�_�b�a ? ��]+`|��j (+*@b-a�i ^�_�b�a ? [�a ��j (0Jd} ��m\_��[K ? b�_�_�])L&b-`MKWY��zc�KWL
^)[�lK]���b-`&[��'a �-jwb�����Y��'^)^�[�p+�;K8Y*b�[[L�^K�-j�`MK�^)`EZ K�_�`&�PL)^�j �PLk`7K�^ ` ? YTK=L ? ^)_Ob�aT^�_ZIXK�l K�^�[�^
Z KWL)m�`�[�l K/_��'a�^)]�l,[�a�gej �PL �ob L)gPK(_�[;L)_�]�[q`&^�} X I)K=LMK�j �PLMKO;hb~^)[�l�Y��;K=L Y5�dc�KWL K�^)`�[�l,b-`&[��'a
l K�`MI��tiT[�^ a)K=K�i)K�i }�� `,c�b�^,^MI��dcea [�a 3 O>Q X	�
� 8e`7I�b-` `7I)KY032���
�����2���� 4)0��+1������ /��
� /������	��� X � � i)KIP�a)K�ikpTK����dc [�^ c�K����h_��PL�LMK��ob-`MK�i�ce[�`7I�`7IXK�L�KOb��hY��dc3K=L"i�[�^�^)[�Y*b-`�[��'a }
X I)K 032���
���� 2���� 4)0��+1���� � /�� � /��!��� 1 ��� X � � b-`~^�_�b�a ? [�a b�a�i LMK�^)YTK�_�`�[�ZPK���m ^)_Ob�a ? �']+`
_��PLML�K�^�Y��'a�i+[�a�gE`&�,b=Q ? p�[q` ce[�iXK�`MK�^ `~Z K�_�`&�PL ( *"b L�K@g'[�Z K�a phmN�

@ �#"%$ & ')(+*0*,(9��( *-(* � � .
*�/

0J�1�/ �%(
*-(* � M �32 ( *,(* � M �4� � � � Q & M � �65t}�� �

@ �#"%$�&�')(+*�768:9 �%( 768:9* � � .
*�/

0J�1�/ �%(
768:9* � M �32 ( 768:9* � M ��� � � M �65t},5 �

c I)K=LMK (+* � M � L�K�Y)L�K�^�K�ah`&^ `7I)K M 9 ! p�[�` jVL��'l ZPK�_�`&� L�(+* }$( *-(* b�a�i ( 7�8�9* L�K�Y)L�K�^MK�ah`
`MI)K8^�_�b�a ? [�a ZPK�_�`&� L,b-a�i [�`&^K`MK�^ ` LMK�^)Y5��a�^MK � `MI)K8^�_�b�a ? �']+`EZPK�_�`��PL � } X I)K;� X=<
L�K�Y)L�K�^MK�ah`&^ `7IXK6a ]�lKp6KWL/��j `ML&b�a�^)[�`�[��'a�^/gPK�a)KWL�b-`7K�i|[�a�`7I)K�^�_Ob-a|_ZI*b�[�auphm�^MI�[qj `&[�a+g ?
[�a bv`MK�^)`kZPK�_�`&� LEb�a�i ^�I�[�j `�[�a�g ? �']+`R[q`&^�`7K�^ `NL�K�^�Y��'a�^�K�}?>"[�g'])L�K;5\} 6 K�stY��ob-[�a�^R`7I)K
c�K�[�gPIh`7K�i@`ML&b�a�^)[�`�[��'a@l K�`ML�[�_-} X I)KC`7L�b�a�^�[q`&[��'a�^ [�aw`7I)K
`MK�^)` Z K�_�`&�PL�b L�KClub L : K�i�ce[q`7I
bA@f^)[�g'a } X I)K6a ]�l pTK=L���j `ML&b�a+^�[�`�[��'a+^�gPK�a)KWL�b-`7K�i|[�a�`7I)K�^�_�b�a|_ZI*b�[�aui�]XL�[�a+g ^MI+[�j `
[�^�L�K�Y��PL)`MK�i�j �PL:KOb�_ZIu`ML&b�a+^�[�`�[��'a [�a�`MI)K~`MK�^ `�ZPK�_�`��PL�}B>*�PL:K�s+b�l�Y��[K<;h`7I)Ke`7L�b�a�^)[�`&[��'a
p6K�`4c�KWK�avp�[q`&^	CKb-a�iEDK_Ob�]�^�K�^	D `ML&b�a�^)[�`�[��'a�^�[�au`MI)K@^�_�b�a _ZI*b�[�a b-^ [�`JL)[�Y�Y+�;K�^��dZPKWL
`MI)K P
L�^ `FD|^�_�b�an_WK�����^I; c I�[��[Kk`MI)KK`7L�b�a�^�[q`&[��'aWp6K�`4c�KWK�aGp�[q`&^ � b�a+iG�E_�b�]�^�K�^��'a��qm
�'aXKR`ML&b�a�^)[�`�[��'a [�a8`MI)Kk^)_Ob�ar_ZI*b�[�a ;*l,�PL�K�^�Y6K�_�[ P*_Ob-����m|�'a `MI)KR�']+`&Y+]+`6�-j3`7IXK P
L)^)`
^)_Ob�ay_WK����$} X I)K|b-]+`7I�� L�^R��jN3 O>Q X	�
� 8:I*bOZ KuY6KWL)j � L�l K�iyb ^�K�`K�-j K�stY6KWL)[�l K�ah`&^�`&�
Y)L)�dZPKW`7IXKW_��PL�LMK��ob-`�[��'axpTK�`4c3K=K�a `7I)KH� X=< b�a+i Y5�dc�KWL|i�[�^�^)[�Y*b-`�[��'a } c ^�KWL�[[K�^
��j"`7K�^)`~ZPK�_�`&�PL)^~c�b�^6b�Y�Y���[;K�i8`��ub _�[[L�_�]+[�`e]�^)[�a�g,b�i+[�g'[q` b��5_�[;L)_�]�[q`e^�[�lK]��ob `&�PL `MI*b-`
^ `&[�l ]��ob-`MK�^�`7I)Ke^�_�b�a ? [�a b�a�i ^)_Ob�a ? �']+`(�'Y6KWL�b-`&[��'a�^�}�c�^(`MK�^ `CZPK�_�`&�PL)^Cc3K=LMK~b�Y�Y���[;K�iT;
`MI)K�`ML&b�a�^)[�`�[��'a�^([�a,`7IXK�_�[;L�_�]�[�`/c�KWLMK�_��']+a `MK�i } X I)K�a ]�lKp6KWL��-j `7L�b�a�^�[q`&[��'a�^([�a�`7I)K
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0  1  2 
 3 4 5 
 6

1^0^1^0 0 0^1

1  2  3  0 0  6


Scan chain


Combinational logic


Bit positions


Test vector


Number of transitions

generated in the scan chain


>"[�g'])L�KF5t} 6^� � K�[�gPIh`MK�i `7L&b-a�^�[q`&[���a8l,K�`7L�[�_�K�stY���b�[�aXK�i

_�[;L�_�]�[�`3[�^3bwl,K�b�^�])L�K���j*`7IXK�Y5�dc�KWLC_���a�^�]�l K�i phm `MI)K _�[;L�_�]�[�`�} >"[�g'])L�K%5t}��@^MI+�zce^/b
Y�����`(��j�`7I)Ke^)]�l ��j bdZ KWL�b�gPKec3K�[�gPIh`7K�iu^)_Ob�a ? [�aE`7L�b�a�^)[�`&[��'a�^(b�a+iubOZPK=L&b�g Kec�K�[�gPIh`7K�i
^)_Ob�a ? �']+`|`ML&b�a+^�[�`�[��'a+^�j �PL,�'a)KW�-jR`MI)K �'O < c�O��PR p6K�a�_ZI+lub L :�_�[;L�_�]�[�`�^�}	�w]XKr`&�
`MI)K6^ `7L���a�g _��PLML�K��ob `&[���a,p6K�`4c�KWK�a � X=< b-a�iu`7IXK6Y��zc�KWL�i�[�^)^�[�Y*b-`&[��'a�i�])L�[�a�g ^�I�[�j ` ;
L�K�i�]�_�[�a�g�`7I)K � X=< �;KOb-i�^3[�l,Y���[�_�[�`&�qme`&�@b�LMK�i+]�_�`�[��'aK[�a Y��dc3K=L3i�[�^�^�[�Y*b-`�[��'aRi�])L)[�a�g
^�I�[�j `�}

>3[�g'])LMK 5t}��>� < � LMLMK��ob-`�[��'a�p6K�`4c�KWK�a [�a `MKWL)a*b�� a��\i)K�`ML&b�a�^)[�`�[��'a�_��']+a ` b�a�i � X=< ��
*[�Y ? 
*�'Y`7L�b�a�^)[�`&[��'a�^ � 3QO^Q X	��� 8

�4aMb LMK�b��"l,b�a ]+j b�_�`&])L)[�a�g�
*�dcN; b�_�_�])L�b-`7KRZ-b���])K�^�j �PLe`7IXK � X�� K�i�gPKkc3K�[�gPIh`&^�_Ob�a
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p6K�i)K�`MKWL�l�[�aXK�i `7I)L)�']�gPI i�[;L�K�_�`�l KOb-^�])L�K�l K�ah`6�-j"`MI)KkY��dc3K=L�i+[�^�^)[�Y*b `7K�i phm KOb-_ZI
��j `MI)K�p����\_�: ^���j"b YXL���`���`4m\YTK@^ mt^ `7K�l Y�]+`e]�a�iXKWL�`7K�^)`e_���a�i�[�`�[��'a+^�} �w[[LMK�_�`�Y��zc�KWL
_��'a�^�]+l,Y+`�[��'a�l,K�b�^�])L�K�l K�ah` K���[�l�[�a�b-`7K�^ `MI)KraXKWK�i���j L�K��qmt[�a�g ��a b�Y�Y)L)�Os+[�lub `7K
l��tiXK���^�^�]+_ZI b-^,`7IXK � X=< }
�4a�`MI�[�^�`7I)K�^�[�^ I��dc3K�ZPK=L ;�`MI)KH� X=< c�b�^|]�^�K�i�b�^
a�� Y)L)��`&�-`4mtY6K ��j/`7I)K _���a�^�[�i)KWL�K�iG^)m\^)`MK�l�^�c�b�^kbOZ�b-[��ob-p��;K�j �PL@_���a�i�]�_�`&[�a+gvi�[[LMK�_�`
l KOb�^)])LMK�l,K�ah`&^�}R� `K^MI+�']���i pTK,a���`7K�i `7I*b `K[�l�Y��[K�l K�ah`&[�a�g8`7I)K|YXL��'Y��'^MK�i Y��zc�KWL
Y)L)�<P*�[K l,b�a�[�Y+]��ob-`�[��'a8`MK�_ZI�a�[[< ])KE[�^�_��'l�Y��;K�`7K���m K�s\`7K=L�a*b-�3`&�u`MI)KK_ZI�[�Y?� p���`7Iv`7I)K
Z K�_�`��PL �PL�iXKWL�b�a�i@`7IXK(`MK�^ `"^)_ZI)K�i+]��;K�b LMKEI�b�a�i��[K�i K�ah`&[[LMK��qmwphmw`MI)K:K�s\`7K=L�a*b��'`MK�^ `7KWL � ;
`MI\]+^e`MI)K@_ZI�[�Y _�b�a pTK@l,b�a ]+j b�_�`&])L�K�i Y)L)[��PL/`&� i)K�`MKWL)l,[�a�[�a�g [�`&^�Y5�dc�KWLe_��'a+^�_�[��']�^
`MK�^)`~^)_ZI)K�i�]+�;K�}

� bOZ\[�a+gw_��'l�Y�]+`MK�iK`MI)K � X�� K�i�gPK�c�K�[�gPIh`&^I; LMK�� L�i)K=L�[�a+g6`7I)K�`7K�^ `C^MK=< ])K�a�_=K~`���LMK�i�]�_=K `7I)K
^)ce[q`&_ZI�[�a�gkb�_�`�[�Z\[�`4mKb-`/_�[;L)_�]�[q`�� ^([�a�Y�]t`&^(_Ob�a�p6K~j �PL)lK]���b-`7K�i b�^/`MI)KeY)L���p��;K�l ��j P�a�i�[�a+g b
���dc�_��'^)` � b�l�[��q`&�'a�[�b�aE`&�']XL�[�a�� X�� } c6^
� X�� [�^ b _��'l,Y+�;K�`MK�i+[;LMK�_�`MK�i|gPL�b�Y)IT;>P*a�i�[�a�gEb
���dcx_��'^ ` � b�l�[��q`&�'a�[�b�a�`&�'])LC[�a [�`EL�K�Y)L�K�^MK�ah`&^ b-a�[�a�^)`&b�a�_=K���j5`MI)K~b�^)m\l�l,K�`7L)[�_�`ML&bOZPK�����[�a�g
^&b-�;K�^)lub-auY)L)�'p��;K�l ;�: a��dcea b�^/p6K�[�a+g���f ? I*b L�i } � K�a�_WKO;*bkgPL�KWK�i+m�^MKOb L�_ZI I)K�])L�[�^)`&[�_�c b�^
[�l�Y��[K�l K�ah`7K�i `��ui)K�`7KWL)l,[�a)KRb,g'�\�\iv^)�'��]+`�[��'a `&��`7I�[�^�YXL��'p��[K�l } X I)K b���g'� L�[�`MI�l ^ ` b L `&^
jVL���l b L�b�a�i��'l���m ^MK��;K�_�`7K�i�ZPK�_�`&� L,[�aT`MI)K `MK�^ `u^�KW< ])K�a+_WKnb�a�i ; b-` KOb-_ZI [�`MKWL&b `&[���aT;([�`
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k'-stage shift register
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Main MP-LFSR
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�� � ���� �� �� ! " � � " �� #$ �� ! " � � " �� % # $ % ��� & #$ & ' "� () * + " + ' , ' () *

& 5 7 5 01 1 1 -/ 3 -1 0/ 5 0 7 0 0 7 5 - 23 81 0/ 5 0 7 0 0 7 5 0 5 . 83 51 1 1 3 1 1. 1 1 1 - 63 0 8 0/ 5 0 7 0 0 7 5 / 0 3 5 6 0/ 5 0 7 0 0 7 5 0 5 . 83 6 8 1 1 3 1 181 1 1 / 1 3/ 2 0/ 5 0 7 0 0 7 5 / -3/ 7 0/ 5 0 7 0 0 7 5 0 5 . 83 5 2 1 1 3 1 151 1 1 / . 3 71 0/ 5 0 7 0 0 7 5 / 63 5 5 0/ 5 0 7 0 0 7 5 0 5 . 83 6 8 1 1 3 1 10/ 1 1 1 / 83 6 6 0/ 5 0 7 0 0 7 5 61 3/ 5 0/ 5 0 7 0 0 7 5 0 5 . 83 6 2 1 1 3 1 1

& 2 - 7 01 1 1 5 83 6 0 / / 8 0 0 0 2 2 0 3 8 6 8 8 7 2 0 0 6 7 2 . 83 0 6 9. 91 3 0 2

. 1 1 1 2 73 0 8 8 8 ./ 0 0 2 2 73 2 5 7 - 7. . 0/ . 2 . 83 . 8 / 1 3 71

81 1 1 2/ 3 . 2 7 7 . 0 0 0 2 2/ 3 5 - . 8 . 8 . 0/ 0 5 . 83 0 2 7 1 3 1 6

51 1 1 2/ 3 . 2 7 7 . 0 0 0 2 2/ 3 2 8 . 7 . 7 . 0/ 0 5 . 83 . 8 . 1 3 1 .0/ 1 1 1 2/ 3 . 2 7 7 . 0 0 0 2 2/ 3 2 8 . 7 . 7 . 0/ 0 5 . 83 . 7 . 1 3 1 0

& 0 0 2/ 01 1 1 21 3 7 8 2 8 / / 0 0 2 6 73 2 0 0 8 5 0 . 8 0 0 2 8 2 . . 3 6 5 - 5 -3 8 8

. 1 1 1 2 73 81 / 2 8 6 0 0 2 6 23 7 0 0 . - 01 - 0 0 2 8 2 . 83/ / - 5 . 3 5 7

81 1 1 2/ 3 5/ - 7 7 5 0 0 2 5 73 0 6 0 0 7 2 - 0 0 2 8 2 . -43 8 0 - 6 0 3 8 0

51 1 1 2 53 8 6 8. 7 7 0 0 2 5 53 . - 21 6 5 0 0 2 8 2 . -43 1 0 8 - 1 3 -/

0/ 1 1 1 2 23 7/ 7 8 71 0 0 2 5 23 2 8 6 6 / / 0 0 2 8 2 . 83 2 8 7/ 1 3 . .

& 0 . 7 5 01 1 1 5 -43 1 . 01 / 6 0 0 0 2 / 53 8 2 0/ . 0 71 0 0 2 8 2 . . 3 61 - 2 -3 - 0

. 1 1 1 5 63 6 - 5 0 -. 0 0 2 6 73 8 7 0 7 6 01 2 0 0 2 8 2 . 83/ . - 6 . 3 6 5

81 1 1 2 0 3 . 2 / 7 8 8 0 0 2 6/ 3 6 - 0 . 1 2 6 0 0 2 8 2 . -43 81 - 7 0 3 7 0

51 1 1 2 73 7/ 8 2 7 6 0 0 2 5 0 3 5 - 01 1 5 8 0 0 2 8 2 . -43 1 1 8 6 1 3 - 5

0/ 1 1 1 2 83 . 8 8 0 7 7 0 0 2 5 73/ . 5 5 6 8 0 0 2 8 2 . 83 2. 8 0 1 3 ./

& 0 8. 7 01 1 1 2 63 8 2 7 7 0 5 0 . 5 2 73 7 7 8 7 . 5 0 . 5 . 0 7 . 83 - 2 01 1 3 2 5

. 1 1 1 2 53 . . . - 0 - 0 . 5 2 -3 0 . 7 8 . 1 0 . 5 0 0 8 . -43 0/ - 1 3 . -

81 1 1 2 53/ 0 . 0 0 7 0 . 5 2 -3 6 0 . 2 0 5 0 . 5 0 0 8 . 83 2 8 - 1 3 0 .

51 1 1 2 53 2 8 0 6 0 7 0 . 5 2 63 8 7 . 1 0/ 0 . 5 0 0 8 . 83 5. 7 1 3 1 8

0/ 1 1 1 2 23 1 0 0/ 0 7 0 . 5 2 63 8 2 . 1 0/ 0 . 5 0 0 8 . 83 2 7 7 1 3 1 .

:<; =>@? ACB �D EGF HI ;J KML FN =? OP ? ? N O Q? I J F I F L ? R RGS ; > TUWV XY Z[ :U \ ;N R O Q? OJ ; R K O KFN ; > L KN ]>@? TUWV X Y Z [ :U \ ^_ [ : `ab c
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� � � � ��� ��
	 �� �
 �� � � ��
	 �� �
 ��� ��� � ��� � �

� � � ���� ��  �� ! " � � " ��� #$ �� ! " � � " �� % # $ % ��� & #$ & ' "� () * + " + ' , ' () *

& - 7 6 5 01 1 1 2 73 51 . . . 0 . 8 . . 2 5/ 3 0 5 7 - 6 0 2 2 . . 2 - 0 - . -43 1 8 6 - / 3/ 6

. 1 1 1 2 -3 - 5 0/ 0 01 7 0 . - 5 53 - 6 7 01 0 6 2 . . 2 8 0 - . -43 . 7 6/ 73/ 0

81 1 1 2 63 0 8 0 0/ 6 - 0 . - 21 3 5. . 8 5 0/ 0 . . 2 8 0 - . -43 1 8 5/ . 3 0 0

51 1 1 2 53 1 6 5 5 / 0 0 . - 2. 3 - 6 0 2/ 0 7/ . . 2 7 0 - . -43 1 . 6 - 1 3 2 7

0/ 1 1 1 2 53 - 0 61 - - 0 . - 2 83 - - 0 -. 01 2 0 . 2 7 0 - . 83 2 2 - 8 1 3 7 8

& 2. 7 8 01 1 1 6. 3 1 0 01 / 0 . / 0 . - 7 / 73 6 0 / ./ . 8 7 . - 7 . . 6 . 83 7 - 9 0 5 9 0 3 8 7

. 1 1 1 6/ 3 21 21 2 . 7 0 . - 7 / 63 1 7 - 5 8 . 71 8 - 7 . . 6 . 83/ 2 9 0 91 3 1 8

81 1 1 51 3 . 6 6 2 - . 0 - . - 7 61 3 -. - 8 7 . 0 - . - 7 . . 6 . 83 6 - 1 1 3 1 151 1 1 5. 3 8/ 6 0 5 . 1 1 . - 7 6. 3 6/ - 0 2 . 01 . - 7 . . 6 . 83 5 2 01 1 3 0 .

0/ 1 1 1 5 83/ 0 / 8 - 0 5 6 . - 7 6 83 2 8 8 2 0 . 1 . . - 7 . . 6 . -43 1 0 0 - 1 3 1 2

& 0 7. 1 6 01 1 1 6 63 - - 0 ./ 1 . 1 . . 0 . 7 5 0 3 0 8 6 2 0 7 0 2 7 . 8 7 0 7 . -43 . / 0 0 6 23 6 7

. 1 1 1 5 73 7. 01 7/ 0/ / 0 0 . 0 5 83 8/ / 2 5 . 6 6 7 . 8 . 0 7 . -43 . 6 0 0 0 -3 0 .

81 1 1 5 63 1 2 5 - 6 . . 1 . 7. 5/ 3/ - / 71 . -. 7 . 8 . 0 7 . -43 0 8 7. 1 3 6/

51 1 1 2 0 3 5 8 / 0 - 0 6/ . . 5 5 23 8 5 - 8 0 . 0/ . . 8 0 0 7 . -43 1 . 81 1 3 8 2

0/ 1 1 1 2 -3 0 2 8 0 6 0 71 . . 8 2 0 3 6 6 8 -1 0 2/ . . . . 0 . . -43 1 0 / / 1 3 8 0

& 0 - 5 -1 01 1 1 5 73 2 - 2/ 0 . / . 7 81 5 83/ / - 6 7 . 7 5 7 81 . . 0 . -43 0 8 9. 8 9 0 3 21

. 1 1 1 5 63 - - 6 2. . 7 7 . 81 5/ 3/ . -1 - . . 8 8 81 . . 0 . -43 01 9 2 91 3 81

81 1 1 5 23/ 1 / / 8 . 0 - . 81 5 53 . . 8/ 0 . 0 7 7 81 . . 0 . -43 1 1 9. 91 3 1 -

51 1 1 21 3 - 5 / 0 0 . 1 7 . 81 5 23 8 2 8 0 8 . 01 7 81 . . 0 . -43 1 7 6 1 3 1 2

0/ 1 1 1 2 0 3/ 7 -/ 1 . 1 1 7 81 2 0 3 - - 7/ - . 1 1 . 81 . . 0 . 83 2 2 1 1 3 1 1

& 7 5 8 0 6 01 1 1 5/ 3 -. . 6 7 8 / 0 5 8 5 5 5 83 5 2 0 8 01 8 2 5 7 5 5 . 8 - . 83 21 9 0 . 1 9 63 8.

. 1 1 1 5 63 2 - . - 7 - - 6/ 8 5 5 5/ 3 7/ 0 7 8 5 8 5 8 7 5 5 . 8 - . 83 2 7 9 2. 9 73 - 6

81 1 1 21 3 . 8 . . 2 - -. 7 8 5 5 5 63 0 7 0 7 0 8 8/ 6 . 5 5 0 8 - . 83 2 8 9 -/ 9 0 3 . 8

51 1 1 2 0 3 5/ . 1 6 6 8 -/ 7 5 5 5 53 71 0 . - 5 8 - 6 . 5 5 . 8 - . 83 2 - 0 1 3 1 0

0/ 1 1 1 2 73 8 0 0 5 6 - 81 0 7 5 5 5 53 5/ 0 . 7 0 8 8 5 7 5 5 . 8 - . 83 2 6 8 6 1 3 . 2

& 7 5 - 5 8 01 1 1 21 3 0 5 0 - 8/ . / 1 7 -/ 5 73 6 - . 1 5 - 7 - 0 8 -/ . . 2 . 83 61 2 0 63 . .. 1 1 1 2 0 3 6. 0 . 1 5 . 1 . . -/ 5/ 3/ . 0 61 / . 2 0 7 -/ . . 2 . 83 6 5 5 2 83 1 8

81 1 1 2 73 1 / 21 5 0 - 7 7 -/ 5 23 1 7 0 7 7 5 . 7 0 . -/ 7 . 2 . 83 2/ 6 5 0 3 5 5

51 1 1 2 83 0 - / 51 0 0 0 7 -/ 21 3 5 5 01 7 2 0 5/ . -/ . . 2 . 83 2 6 6 - 1 3 2.

0/ 1 1 1 2 83 2 2 8 6 6 6 7 7 -/ 2. 3 71 51 / 0 8 2 7 -/ . . 2 . 83 2/ 6/ 1 3 8 6

:<; =>@? ACBb D EGF HI ;J KML FN =? OP ? ? N O Q? I J F I F L ? R RGS ; > TUWV XY Z[ :U \ ;N R O Q? OJ ; R K O KFN ; > L KN ]>@? TUWV X Y Z [ :U \ ^_ [ : `ab c
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s KLM8I2),'t�2Yh�8¤���?8iLIDAX'�?RE %9'*+,%V1"!w%^!S6&+:Y�Mc!R%('tJ:?8I20c%

Tester memory


Device under test


NSCh

scan


chains


NSC bits


NSP

scan


patterns


Tester


s KLM8ID)9't�2Y�-&¤[Z '*+,%9'*)T!$021F12':6�KQJ*'oI20212':)\%('*+W%

=]�2':)9'V§�¨[©4KQ+ %(�2'\%9?$%^!$i&0;I2Ag`O'*)[?$El+9J*!$0UJ*'*iQiL+�?REl%9�2'\J*KQ)9J*IDKQ%�!$0D1X§�¨[«�KL+�%9�2'\0;I2Ag`O'*)
?$EO+9J*!$0C#"!R%9%9'*),02+*Y�xT+9+,I2AXKQ02Mo'*�;I"!$iDiL'*0DM$%(�U+9J*!$0UJ^�"!$KQ02+�!$021C!tJ*?80c%9KL0;I2?8I2+[12!R%^!t+,%9)9'*!$A
`O':%>=@'*'*0v%9�2'T%9'*+,%9'*)\!R021f%(�D'n12'e6&KQJ*'�ID0212'*)@%('*+W%7k�%(�2'V%('*+W%�%(KQAX'�r �V�nu[J7!$0v`O'n' £&#2)9':+9+9':1
!$+V!gEGI202Je%(KL?$0F?RE %9�2't%('*+W%V1"!R%^!S68?$iLI2AC'o!$+�EG?8iQiL?_=]+*¤

�]�~¥ �T¡v¢
§�¨[©��Fª�� ry�2Y�-8u

=]�2':)9'�§�¨[©��dKQ+ %9�2'|0�IDAg`l':) ?RE2+9J*!$0gJ^�"!RKL02+ ?$E2%9�2'|J*KL),J*I2Kh% !$021���KL+ %(�2'|+9J*!$0g?8#O'*)9!R%(KQ02M
EG)9':�;I2'*02Jeb8Y|Z\�2'oi !$+W%\'*�;I"!w%(KL?$0F+,�2?_=]+\%(�2),'*'o?8#D%9KL?802+�!_6R!$KQi !$`DiL'TEG?$)�)9':12I2J*KQ02MS%(':+,%]%(KQAX'R¤
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�8Y]KQ02J*),'7!$+,KL02Mv%(�D'U%9'*+W%�12!R%^!v%()9!$02+,EG':)tEG)9'*�;I2':02J:b5r �du k K Y�'$YS+9#O'*':12KL0DMR�>I2#�%(�D'U%9'*+W%('*)
J^�"!R0202'*iQ+*k

-&Y]KQ02J*),'7!$+,KL02M�%9�2'\0;I2Ag`O'*)�?$EO+9J*!$0XJ^�2!$KL02+Vry§�¨[© �Ou k�!$021UJ*?80D+9'*�;I2':0c%(iQbS%9�2'\0;I2Ag`O'*)
?$E %(':+,%9'*)]J^�"!$020D'*iL+:kO!$021

3DY]),'*12I2J:KL02MS%9�2't%('*+W%n12!R%^!g68?$iLI2AC'CrG�T¡v¢�ueY

Z\�2'tj"),+,%\%>=@?C?$#D%(KQ?802+�),'*�;I2KL),'t'e£&#O'*02+,KQ68't%9'*+,%V':��IDKL#2AC'*0c%V!$021v?R� ':)\KL0v'e£&J^�"!R02M8'o?802ihb
!�),'*12IDJ:%(KQ?80�KQ0�%9'*+,%�%(KQAX'RY��T?_= 'e68':)*k�%(�D'X%(�DKL)91�?8#D%9KL?80pk K Y�'$Yv),'*12IDJ*KL0DM�%(�2'C%(':+,%g12!R%^!
68?$iLI2AC'$k 12?�'*+}02?$%})9':�;I2KL),'f!$0cb�+,#l':J*K !Ri�EG'*!R%(ID)9'*+}?$E@%(�2'U%(':+,%(':)d!R021�),'*12IDJ*'*+d02?$%}?802ihb
%(�D'�%(':+,%v%(KQAX'�`2ID%H!RiL+9?�%(�2'.AC'*AC?8),bN),'*�;I2KL),'*AC'*0c%(+XEG?8)f%(�D'�%(':+,%(':)*Y�� ?802+,'*�;I2'*0c%9iQb8k
)9':12I2Je%(KL?$0F?RE %9'*+,%]12!R%^!g68?$iLI2AC'��"!$+]`O'*':0H%(!$)9M$':%(':1�`cbv+,':6$'*)(!Ri )9'*J:'*0c%(ihbv#2),?8#l?$+9'*1H%(':+,%
1"!R%(!SJ*?8AC#2)9':+9+,KL?80FAX'e%(�2?�12+}� x����	�DkO�\���D�7JRkO�\���D�7` k�
�Z
�������R��Y
x %>b�#2KLJ*!$i[J*?$0Dj"M8I2)9!R%(KQ?80�EG?8)t+,J7!$0&� `"!$+,'*1�%('*+W%}I2+9KQ02Mv%('*+W%}1"!R%^!mJ:?8AC#2)9':+9+9KQ?80�KL+t+,�2?_=]0
KL0 s KLM8I2),'��2Y�3DY[Z\�2't%(':+,%]1"!w%^!Dk2+W%(?8),'*1FKL0H!SJ*?$AX#2),'*+,+9'*1HEG?8),A�?80v%(�D'�%('*+W%(':)*k"KL+\+,'*0c%]%(?
%(�D'g12':6�KQJ*'gI20D12'*)n%9'*+W%7k =]�2':)9'S!X+9AX!$iLi 12':J*?�12KL02MfI202KQ%n12'*J:?8AC#2)9':+9+9':+t%(�2'�1"!R%^!X`l'eEG?8)9'
+9�DKQE %(KQ02MnKh%�KQ0;%9?n%(�D'�+9J*!$0SJ^�"!$KQ02+*Y�Z\�D' %(':+,%�)9':+9#O?802+,'*+[+9�DKQE %(':1&�>?$ID% EG),?8A	%9�2'�+,J7!$0SJ^�"!RKL02+
!$),'}J:?8AC#2)9':+9+9':1�KQ0;%9?S+9KQM80"!R%9I2)9':+]=]�DKLJ^��!$)9'o+9':0c%n`"!RJ��f%(?S%(�D'o%9'*+W%('*):Y

Tester


Decoding

unit


Scan chain


Device under test


Response

compressor


Functional module

(IP core)


Tester channel


s KLM8I2),'t�2Y�3D¤��&J7!R0&�>`"!R+9'*1H%(':+,%TI2+9KQ02MC!g%('*+W%V1"!R%^!UJ*?$AX#2),'*+,+9KL?$0F+,J^�2'*AC'

�&J*!$0&�>`2!$+9':1�%9'*+W%o+9?8iQID%(KQ?802+nID+9KL0DMm%('*+W%t1"!R%(!mJ*?8AC#2),'*+9+,KL?80.`D)9KL0DMf%(�2'gEG?$iLiL?_=]KQ02Mf!R1D6R!$0&�
%^!RM8'*+:¤

� 02?S%9'*+,%9'*)VAX?�12Khj"J7!R%9KL?80D+�!$),'}),'*�;I2KQ)9'*1 k

� %9'*+,%C%(KQAX'vKQ+U)9'*1DI2J*':1�!$+UiL':+9+C1"!R%^!�KL+U+,'*0c%v!R%U%9�2'H+9iL?_=������ EG)9':��ID'*02Jeb8k�=]�2KQiL'
?80��>J^�2KQ#F1D'*J*?$AX#2),'*+,+9KL?$0�),I202+V!R%]%(�2'oKQ0;%9'*),0"!$ipJ:iL?�J��fEG)9':��ID'*02Jeb8k
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� %9'*+,%9'*)@AX':AX?8)Wbg),'*�;I2KL),'*AC'*0c%(+ !$)9'ViL?_=@'*)|J*?8AC#"!$),'*1U%(?�+,%^!R021"!$),1f+9J*!$0&� `"!$+9':1f%(':+,%
!$),J^�2KQ%9'*Je%(I2),'*+*k

� 02?FJ*KQ)9J:I2KQ%}AC?&12Khj"J7!w%(KL?$02+t!$),'C),'*�;I2KQ)9'*1�rG%9�2'X1D'*J*?�12KQ02M�ID02KQ%}KL+}!H+9':#"!$)(!w%('CiL?8M8KQJ
`2iQ?&J��&u Y

Z\�2':+9'm!R1D6R!$0c%^!$M8':+d!R)9'C!$J^�2KQ':68':1�!R%o%9�2'X' £&#l':02+9'X?$E\!v+9AX!$iQi[!$)9'*!F?_6$'*)9�D'7!$1�),'*�;I2KQ)9'*1
`cbm%(�D'}1D'*J*?�12KQ02Mf!R021H)9'*+,#l?$02+9'}J*?8AC#2),'*+9+,?8)]I202Kh%(+*Y
{t'*02':)(!$iQiQb8k]EG?8)v!�%(!$)9M8'e%vEy!$I2ih%7k]%(�2'.x[Z]z|{ %(?�?8iT+9#O'*J*Khj"'*+F?802ihb�!�+,Af!$iQin0;I2Ag`O'*)H?$E
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extra state

inputs / outputs


bit_in, rs / en, out, inc, v, load
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Logic


Scan segment 0


Scan segment 1


Scan segment (N -1)


Scan

control


unit


scan_enable


clk


test_mode


scan_in
 scan_out


reset


scan_clk[0:(N-1)]


scan_segment_select[0:(N-1)]
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Segment N-1


Segment 1


Segment 0


Test pattern

Dummy bit
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COUNTER
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reset


test_mode


scan_segment _select[0]
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scan_segment _select[N-1]
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scan_clk[N-1]
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#&+.)A'*!9+.),)D-OF,#&2J-O),I&<8);2q'O-Tx(),IC<e),2:' � _$x(),IC<e),2:'N��#&293{x();IC<e),2:'T/c#&2931'*!9)D34),-OGQIC2�!$#&-
@B>CE9+r-OF,#&2�Fp!$#&GQ29-,_[),#&Fp!�-OF,#&2�Fp!$#&GQ2�LbGHdHd�SK)WF;>C<8%K>C-.),3�>&@V#{@B>&E9+.'O!�>&@Tx();IC<8);2:' � _[#
@B>CE9+`'*! >&@Vx();IC<e),2:'W�8#&293 #�@B>&E9+.'O!�>&@bx(),IC<e),2:'o/(_~Lb!9GHFp!�#&dHdk-.!$#&+.)e'O!9)W-.F7#&2(z�GH2 dHGQ29)
>&@�'*!4)c-OF7#P2 Fp!9#&GH2�YNni!9)c-.),IC<e),2:'NF;>C<8%K>C29);2:'*-D>&@�)7#PFp! -.F7#&2yFp!$#PGH2y#&+.)cF,>C2924),F;'O),3y'*>
'*!4)eF;>C+O+.),-.%w>C2439GH29IJ-OF,#&2(z�>CE4'�dHGQ29)0'*!9+.>CE9IC!R'O+OGuz�-.'*#P'*)cS9E( �);+O-�F,>C2:'*+.>CdHdQ),3yS:tR'*!9)�-.),dH);F;'
-OGQIC2$#&dQ-cIC),24),+*#X'*),3�S:t�'*!9)J-OF,#&2 F;>C2:'*+O>&dVE429GQ',Y�ni!qE9-;_a)7#&Fp! >&@T'O!9)�@B>CE9+�-OF,#&2 Fp!$#PGH29-
#&%9%K)7#P+O-V#&-V#cdH>ML %K>ML");+T-.F7#&2JFp!$#&GQ2J#&-i'*!9)N>C29)N-.!9>MLb2UGH2 	jGQICE9+.) � Yu�CY
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SK),29Fp!9<8#&+.�UF,GQ+OF;E9GQ'O- � S4du�vYrng),2 #&3439GQ'OGH>C2$#Pd 39);-OGQIC29-D!$#76C)�SK),);2 I&),29);+*#P'O),3yS:t]F,>&29F7#P'O)=z
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<e),2:'*-iLm),+O)�%K),+.@B>&+O<e),31@B>C+b)7#&Fp!J39);-OGHI&2���>C29)N)=|(%K),+OGQ<8);2:'TE4-OGH24Ie-`'p#&243$#&+O3J-OF,#&2UFp!9#&GH2
GH24-O),+`'*GQ>C2�_�#P293Rf96C)c)}|4%K),+.GH<e),2:'*-DE4-OGH24Is'*!9)c%9+.>C%K>C-O);3 -.F7#&2 #&+.Fp!9GQ'O),F='*E9+.)0LbGQ'*!]'\Lm>1'*>
-OG |�-OF,#&2J-O),I&<8);2q'O-,Y�ni!9)D@B>CdHdQ>MLbGH29Io¢9>lL�La#P-TE9-.),3JGH2�)7#PFp!U)=|(%K),+.GH<e),2:'7�
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GQ2q'O>c'*!9)N-.t?2:'*!4),-OGQ-O);3]39),-.GHIC2�Y
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'O!9)D'*>CICI&dH)D#&F='*Gu6(Gu'\ts>&@ GH2:'O),+O29#&d�29>?39),-;Y

^9Ybni!9)1'O>CICICdQ)s#&F='*GQ6?Gu'\t�L"#&-�S$#&Fp�Cz�#P2929>&'*#P'*);3�'O>]'*!9)1-`t?2q'O!9),-.GH-.),3�39);-OGQIC2�_�#&293�#&2
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n #&S9dH) � Yu�"-.!9>MLb- 'O!9)m+.),dH#P'*GQ>C2NSw)='\L");),20'*!4)"#76C);+*#&I&)m%K>ML");+j39GQ-O-OGQ%$#P'OGH>C2�#&293�'*!9)�2qE9<0SK),+
>&@V-OF,#&2 Fp!$#&GH2�%9#&+.'OGQ'*GQ>C29-;Y  ">&dHE9<e2 /UF,>C+.+O);-O%K>C2939-c'*>]'O!9)1-.'*#&293$#P+O3�-OGQ29ICdH)}z\-.),IC<e),2:'
-OF,#&2 Fp!$#&GH2�_�Lb!4GHdH)s'O!9)1+O);<W#PGH29GQ29I]F,>&dHE9<e29-c-O!4>lL '*!9)1+.),-.E9dQ'O-�@B>&+0'*!9)1%9+.>C%K>C-O);3�dQ>lL
%K>lLm),+e-OF,#&2 Fp!$#&GH2�#&+.Fp!9GQ'O),F;'OE9+O)JE9-.GH29IR'\Lm>�'*>y-.Gu|�-.F7#&2 -O);IC<8);2:'*-,Y 	$>C+c)7#&Fp!�>&@V'*!9)
f96&)W6C);+O-OGQ>C29-0>P@a'*!9)WdH>ML %K>lLm),+0#&+OFp!9Gu'*);F;'*E4+O)&_jnj#&S4dH) � YQ�8+O),%K>C+`'*-r'O!9)1#76C);+*#&I&)W%K>lLm),+
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�� #*$�&�� '�(�
�� #*$�&�� '�(�
�� #%$�&�� '�(�
��
+-,/.10�2 � .�3 4/. ,�3 5/4 ,10�3 ,/. .�3 0�, 0 � 3 5/4 4�3 2/, 0�2�3 6
0 4�3 4/2 2/4�3 0�2 � 3 2/4 2/5�3 4/.
+-7/4/.�6 4 � 3 0 � 7�3 4�6 ,/,�3 ./5 5�3 614 5/2�3 7/7 6�3 0�4 0/0�3 4/4 .�3 2/. 2 � 3 , � .�3 � 6 2�6�3 2/,
+ � ./4 � 0 .10�3 ./, � 0�3 ./7 ,/.�3 61. �g� 3 61. 5/7�3 ./7 2�3 0�, 0�5�3 ,/5 0�3 � � 2 � 3 4�6 ,�3 2�6 2�6�3 .10
+ � ,/2/, � 6 � 3 � 5 � 2�3 0�7 ,�6�3 4/, � 4�3 , � 5/7�3 ,/5 7�3 .�6 0/0�3 410 0�3 .�6 2/4�3 � . 5�3 4 � 2�6�3 2/2
+-./,/7/./4 6 � 2�3 0�6 4 � � 3 ,/. ,/4�3 �g� 6 � 3 2/4 7 � 3 � � 4/7�3 . � 7/. 4/.�3 �g� 7�6�3 612 4 � 3 5�6 7/,�3 � 0
+-./2�6 � 0 6 � 4�3 7/4 � 7/5�3 5/2 , � 3 � 7 ./5�3 5/. 7 � 3 7 � 410�3 ./, 7/.�3 4 � 4 � 3 617 7�6�3 510 � 0�3 615 7/,�3 510
+-./2/,/2�6 .10�4�3 5/, � 2/,�3 0�5 , � 3 � , 4/2�3 61. 7/4�3 .10 4 � 3 . � 7�6�3 4/7 � 5�3 5/, 7/,�3 ,/. � .�3 2/, 7/5�3 4/2
8�9�: � ./710�3 � , � 7/. , � 3 6 � ./4�3 2 � 7 � 3 0�6 4�6�3 2 � 7/.�3 0�5 � 7�3 ,/, 7/,�3 � 2 � 5�3 612 7/,�3 2/,
8�9�:;4 617 � 3 5 � 4/./2�3 5/, , � 3 ./5 4 � 0�3 � � ,10�3 0�7 � 7 � 3 614 5 � 3 � 7 .10�3 ./5 7/4�3 ./2 . � 3 5�6 7/.�3 0�5
8�9�:;. ,/./,�3 5/4 4/,10�3 6/6 , � 3 7�6 4 � 2�3 . � ,/7�3 4�6 4 � 4�3 6 � 5/4�3 4 � 61.�3 612 7 � 3 2/2 .10�3 . � 7/.�3 � .
8�9�:<6 ,/5/5�3 ,/2 4/5/4�3 � 7 ,/.�3 0�6 4/4/5�3 ./7 5 � 3 � 6 4 � 0�3 6
0 5/.�3 ./2 612�3 � 2 7 � 3 , � 6 � 3 4/5 7/4�3 0�4
8�9�:;, ,10�6�3 ./7 410 � 3 5/5 ,/4�3 0 � 4/4/7�3 7/2 ,/7�3 7/5 4 � 5�3 4/7 5�6�3 � 7 � 7/2�3 2/7 5/,�3 .10 6/6�3 0/0 7/4�3 4 �
8�9�:;5 ,/5/5�3 ,/2 4/510�3 5 � ,/4�3 0/0 4/4/4�3 7/7 5 � 3 5�6 4 � 0�3 617 5/.�3 ./2 � 7�6�3 , � 5/,�3 510 6 � 3 0 � 7/4�3 2 �
8�9�:-0 ,/710�3 7/4 4/2/2�3 ,/. , � 3 0�6 4/.10�3 � 6 5 � 3 ./, 4 � 6�3 510 5�6�3 � � � 7/2�3 ,10 5/5�3 0�7 6/6�3 ,/5 7/4�3 ,/,
8�9�:;2 5/4/5�3 � 7 4/710�3 � � ,/4�3 ,/, 4�6 � 3 ./4 5 � 3 615 4/4 � 3 7�6 5�6�3 ,/5 4 � .�3 4/5 510�3 ,�6 617�3 5 � 7/4�3 � 2
8�9�:;7 5/4/2�3 , � 4/7 � 3 � 7 ,/.�3 5/7 4�614�3 � . 5 � 3 612 4 � 2�3 614 5/,�3 4/, 4 � , 510�3 ./2 � 7/4�3 ,/. 5/7�3 .10
8�9�: � � 5/2 � 3 , � ./4/,�3 5/7 ,/4�3 4 � 4/5/4�3 � � 5 � 3 ,/5 4/.�6�3 � . 5/,�3 5/, 4 � 0�3 2 � 5/2�3 � 6 � 7/4�3 ,/. 5/7�3 .10
=>&��?� @ @ ,/4�3 2/. @ 5/7�3 2/. @ 0�.�3 710 @ 2 � 3 6 � @ 7 � 3 5/7
ACB (���� @ @ , � 3 � , @ ,10�3 0�7 @ 5 � 3 � 7 @ 5/,�3 .10 @ 5/7�3 .10

nj#&S4dH) � Yu�C�[�T6&),+O#&IC)�%w>MLm),+V39GH-.-OGH%9#P'*GQ>C2W6?-,Y�'*!9)N2qE9<0SK),+b>&@ -OF,#&2J-O),I&<8);2q'O-
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�E�F! GHG IJGHG ' IJGHG ' I�GHG ' I�GHG ' I�GHG ' � #K�
+;,/.10�2 . � 6 � 6 6�3 615 , � 3 ,/7 � 6 6�3 615 � 7 5�3 � , � 6 6�3 615 � 3 2�6
+;7/4/.�6 ./2/7 � � 0 � 3 2 � 5 � 3 ,�6 7 4�3 . � 7 4�3 . � 6�3 2/4
+ � ./4 � 0 � � ,10 � 4 � 3 � 6 � 6 � 3 ./4 � 4 � 3 � 6 � . � 3 4/. � 6 � 3 ./4 � 6�3 � 0
+ � ,/2/, � 7�6 � 7/. 7�3 2/2 6/6 6�3 5/2 7/. 7�3 2/2 0 � 0�3 ,/, 7/. 7�3 2/2 , � 3 6 �
+;./,/7/./4 4/4�614 � � � 3 61, �g� � 3 617 �g� � 3 617 � 4 � 3 ,�6 � � � 3 61, 7/4�3 . �
+;./2�6 � 0 4 � ./7 � � � � � � 3 � , � 4 � 3 ,/5 � . � 3 5 � 4 � 0�3 ,
+;./2/,/2�6 4 � 0�. 4/,/. �g� 3 5�6 4/,/. �g� 3 5�6 4/,/. �g� 3 5�6 4/,10 �g� 3 2/. 4/,/. �g� 3 5�6 0 � ,�3 5�6
8�9�: � 4/,/./. � � � � � � 2/4 .�3 4�6 2/4 .�3 4�6 510�2�3 ,�6
8�9�:;4 ./2/7/7 � � 0 � � 3 2/4 4/4/, ,�3 0/0 4 � 0 ,�3 . � 4�6 � 5�3 � 2 0�7 � 3 0�6
8�9�:;. 6 � � � � � 3 � 4 � � . � 3 � 0 � � 3 � 4 � � 3 � 4 6 � 0�3 7/4
8�9�:<6 612/5�6 � � 3 � 4 � � � � 3 � 4 � � 3 � 4 � � ,/7/.�3 4�6
8�9�:;, , � ,�6 � � � � � � � � � � 6 � 6�3 2/2
8�9�:;5 , � 5/4 � � � � � � � � � � 0�4/2�3 2/5
8�9�:-0 ,/,10�4 � � 3 � 4 � � � � 3 � 4 � � 4 � 3 � 6 7/, � 3 � 5
8�9�:;2 ,/7/4/4 � � � � � � � � � � � � � 0�3 0�4
8�9�:;7 5 � ,/7 � � � � � � � � � � �g� � ,�3 � �
8�9�: � � 0 � 2 � , � 3 � 0 � � � � 4 � 3 � . � ./5 � 3 7/4 � 5/2/2�3 2/4
=>&��L� @ @ � 3 5/. @ � 3 .10 @ 4�3 � 5 @ 4�3 4/2 @ 4�3 612 @
ACB (��M� @ @ �g� 3 5�6 @ �g� 3 5�6 @ �g� 3 5�6 @ �g� 3 2/. @ �g� 3 5�6 @

n #&S9dQ) � Y /?��	TE9<0SK),+b>&@ )=|?'O),2939);3U29>?39);-V6?-,Y['O!9)N2?E4<0Sw);+b>&@j-.F7#&2J-O);IC<e),2:'*-

39GQ-O-OGQ%$#P'OGH>C2~� 1 �ON A �D#&-oLm),dHd"#&-r'O!9)s+.),d�#X'*GQ6&)W+.),39E9F='*GQ>C2�GH2 #76C),+O#&IC)1%K>ML");+039GH-.-OGQ%$#P'*GQ>C2
�/P ��+ " �A>CS4'*#&GH29);3y>l6&),+N'*!9)�-`'p#&2939#&+O3 -OF,#&2 Fp!$#PGH2�Y 	$>C+D)=|4#&<e%9dQ)&_�@B>C+DF;GH+OF;E9GQ'N-O57G � GP^9_
'*!4)T%9+.>C%K>C-O);3s-OF,#&21#&+.Fp!9GQ'O),F;'OE9+O)bLbGQ'O!8'\Lm>0-OF,#&2W-.),IC<e),2:'O-a+O);39E9F,);3W'*!4)�#76C);+*#&I&)�%K>lLm),+
S:t � ��� F,>&<8%$#P+O),3�'O>�'*!9)R-`'p#&243$#&+O3 -.F7#&2 #&+.Fp!9GQ'O),F;'OE9+O)PY�ni!9)]'O!9+O);)y-OF7#P2 -.),IC<e),2:'
#&+.Fp!9GQ'O),F;'OE9+O)r@BE9+.'O!9),+A+.),39E4F,),-A'O!9)c#76C);+*#&I&)c%w>MLm),+A39GQ-O-.GH%$#P'OGH>C2{S:t]#&2y#P3939GQ'OGH>C29#&d~^q/ � _
Lb!9GQFp!s+O);%9+O);-O),2:'O-b#r+O);39E9F='*GH>&2s>&@~�:/ � >l6&),+"'O!9)�-`'p#&243$#&+O3W-OF7#P21#&+OFp!4GQ'*);F;'OE9+O)PY�ni!4)�d�#P-.'
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'\Lm>�+.>MLb-�GQ2cnj#PS9dH) � YQ�i-.!9>ML '*!4)b#M6&),+O#&IC)V#&293cLm>C+O-`'�F7#&-.)V+.),39E4F;'*GQ>C29-[GQ2�#M6&),+O#&IC)i%K>lLm),+
39GQ-O-OGQ%$#P'OGH>C2�Y
n #&S9dH) � Y /c-O!9>MLb-b'*!9)N>M6C);+O!9),#&3]#P-O-O>?F,GH#P'*);3JLbGu'*!1'*!4)�%4+O>C%K>C-O);3{dQ>ML %K>ML");+T-.F7#&2{#&+OFp!4Guz
'*);F;'OE9+O)PY�ni!9)rGH29F;+O)7#P-O)oGQ2{'O),-.'OGH29Ie'*GQ<8)N39E9)r'*>8'O!9)o<oE9dQ'OGuz\F;dH>?Fp�WF,#&%4'*E4+O)oF=t?F,dH)rF7#&2USw)
39);+OGQ6&),3�@B+.>C< '*!9)s2qE9<oSw);+o>&@b-.F7#&2�-.),IC<e),2:'*-0#&293�'*!4)8'*>P'p#&d�2qE9<0SK),+0>&@"¢$GH%(z�¢$>C%9-rGH2
'*!4)s39),-.GHIC2�Y]ni!9)s2qE9<0SK),+o>&@i¢$GH%?z�¢$>C%4-oGH2 '*!9)W>C+OGQICGH2$#Pd[39),-.GHIC29-oGH-o-.!9>MLb2�GH2�F;>CdHE9<e2
/U�����b�=Y� ">CdHE4<829- � ��� -.!9>ML '*!9)r2?E4<0Sw);+T>P@[)=|?'*);2939);3R29>(34),-�24),),34),3]'*>eGH<e%9dQ),<e),2:'
'*!4)1%9+O>C%K>C-.),3 dH>ML %w>MLm),+�-OF,#&2�Fp!9#&GH2�@B>C+0),#&Fp! )=|(%w);+OGQ<8);2q',Y� ">CdQE9<e29- P -O!9>ML '*!9)
2qE9<0SK),+b>&@j)=|?'*);2939),3U29>(34),-V#&-V#e%K),+.F,);2q'*#&IC)�>&@j'O!9)D'*>&'*#&d�2qE9<0SK),+V>&@g¢$GH%?z�¢$>C%4-VGQ21'*!9)
>C+.GHICGQ2$#&dh39),-.GHIC2�Y�¡A),%K),2939GQ29Ic>C2s'O!9)D-O>CdQE4'*GQ>C2sE9-.),3�'*>cGQ<8%9dQ),<e),2:'�'*!9)D)}|('O),2934),3J29>(34)&_
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+-,/.10�2 410/0 � � 510�5 ./7�3 ,/4 � 4 � 5 ,/5�3 612 �g� 7/, ,/5�3 210 7/2/4 5�6�3 ,/5 7/5/. 5/,�3 4/,
+-7/4/.�6 6 � . � 4/,�6 � ./5�3 7/7 4/, � 5 .10�3 ,/2 � 2/2/7 ,/.�3 � 6 � 0�210 ,/,�3 510 � 5/710 ,10�3 7 �
+ � ./4 � 0 5 � 614 ./5/,/7 ./7�3 6/6 4/2 � 6 ,/.�3 ,/7 � 0�5 � 0 � 3 210 � 0 � 0 0 � 3 0�, � 0/0�5 0 � 3 5 �
+ � ,/2/, � � � � 0 � , � 5 � 612�3 0�, .�61,/4 5/,�3 0�4 ./. � . 510�3 � � 4/7/./, 0 � 3 2/5 4�617/2 0�,�3 4 �
+-./,/7/./4 4�6/61,/2 4 � 0�2/5 � � 3 7/4 � 615 � 7 6 � 3 4/. � 2/,/5/5 4�6�3 � 7 6/61,�6 2 � 3 0�7 �g�g� 2�6 ,�6�3 410
+-./2�6 � 0 � 0�4/7/, � 4/7 � 2 4/,�3 . � �g� 6 � . .�6�3 � � 7 � 5/2 615�3 7/7 5/5/5�6 5 � 3 6
0 5 � 612 5�6�3 61,
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8�9�:;6 6
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8�9�:-, 6
0 � 7 � 4/4/7�6/6 , � 3 ./2 4/5 � ,/, 6/6�3 0�7 4/. � ,�6 , � 3 7�6 � 2 � � 6 5 � 3 5�6 � 4/7/2�6 0�4�3 617
8�9�:-5 , � ./,/. 4/7/4/,/2 6 � 3 2/7 4 � 61410 ,/7�3 61. � ,/210�5 5/2�3 6
0 4 � ,/4/4 ,10�3 4/5 �g� .�612 0/0�3 615
8�9�:M0 ,�617 � � 410 � 2�6 , � 3 510 4�6 � 2 � ,/,�3 7/5 � 0�.10/0 5/2�3 ./, 4/4/7 � � ,/2�3 4/7 �g� 0�5/5 0�2�3 ,10
8�9�:-2 ,10/0�4 � 6/61./,/2 4/.�3 � , 4�612 � 7 ,10�3 � 4 4 � 6/6/6 5�6�3 ,/2 � ./7/4 � 0�,�3 2/2 � 7�6/6 � 5/5�3 ./4
8�9�:-7 ,/7/5 � 6 6 � � 4/. ./4�3 2/, ./5 � 5/4 ./7�3 617 4/,/5/2/4 ,/5�3 7 � � 612/./2 0�,�3 � � � 614/510 0�5�3 � 5
8�9�: � � 0�./5/, � 6 � , �g� 61.�3 5/. ./7�617 � 615�3 ./2 ././210�6 ,�6�3 � � 4/./5/7/. 510�3 2/. � 7 � 5�6 0�6�3 �g�
����� 3 @ @ ./5�3 510 @ 617�3 612 @ ,/,�3 614 @ 5/,�3 5�6 @ 5/7�3 710
���	� +<: @ @ � � 3 7/4 @ .�6�3 � � @ 4�6�3 � 7 @ ,/4�3 0�7 @ ,�6�3 410
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