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-�` �J�)t�mx^_�v` w�\I[�mob�`c^_d�uN[]\Yjpd trt<mo�N^
`cwx^_\_[]mon]lNb5t�}Jd�b5` �v}�[rd�^IqNwª` [�jp\Ib�uNqNna`cnrmx\_�vt
. lsmªjkl�j�` ��|vd�mxb�uNwod'b�dp�Ynrd�}Í\I��b5`_t]t�mo��d'wo�~uv` [k`cwxwod�ws`c[aj�lsmonrd�jpnrqN[]d t³t�q j�l#`_t&t<�Nt<nr\_wxmªj
` [r[a`��st0/21�mxnrl%nrlNd�mo�vj¤[rd `It�mo�s^Ï}Yd��vt�mxn<�Ï\43�mo�Ynrd�^I[k` nrd }%jpmo[ajpqNmxnktp{Àh65Y��7 mob�uNwxd�b�d���8
na`cn]mo\_� \43ÓnrlNd�t�dQ`cwx^_\_[]mon]lNb5t�|vd jp\Ib�d t�` � d���d'[rb�\I[rd�`cnrn][k`Ijpnrmx��d5t�\IwoqNn]mo\_�9/;:gqs�N^
<>=�? t<lN\ . t�nrlv` n�`�[rd�^IqNwª` [�uN[]\Yjpd t]t�\_[g`c[r[a`��Ït<mob�uswomA@ d tCB�D*5Y��mo�Ynrd'^_[k` nrmx\_�2ENuN[]\Yjpd tF8
t<\_[at�`c[]d�mª}Yd��Jn]mªj�` wC{À`c�v}%mo�Ynrd�[ajp\_�N�sd jpnrmx\_�vt�` [rd�[rd t<nr[rm�jpnrd�}Ïnr\Ï�sd `c[]d t�n�Nd�mo^IlJ|v\I[kt0/
�C� [rd�jpd��Yn���d ` [ktp{Wb�q j�l . \I[�G�lv`It9|vd�d'��}Jd���\Inrd }%nr\)`cqNn]\_b5` nrmªj�nrd jklN�NmIH qNd�tJ3 \_[
}Yd t�mx^_�Nmx�N^5[rd�^IqNwª` [�` wo^I\_[rmxnrlNb�t0/2KN\_[�d��s`cb�uNwod�{vnrlsd!LNMPORQ2SUTWVYX�Z\[2]^SWV*_ < � ? {@mªt
| `_t�d�}�\_��n]lNd�[]d jpqN[][rd�� jpd�d`H q `cnrmx\_��3 \_[rb�`cwom�t�ba/
b�lN[]\_qN^Ilc3 \I[rb5` w�nr[a`c�vtd3 \_[rb�`cnrmx\_�vt
t<qvjkl�`It+nrmxb�d6`c�v}�t�uv`IjpdG` wowx\Yj�`cn]mo\_��\_[6t�mx^_�v` w usmouvd�womx�Nmo�s^N{�`�t��st�n]d�bV\43¶[rd j¤qN[r[]d��vjpd
deH qv` nrmx\_�vt&mªtÈ}Jd�[rmx��d }�mx�Jn]\�`G[rd ` wom�t�nrm�j�` [kjklNmon]d jpnrqs[rd�/`b�lNm�t�}Jd trj¤[rmousnrmo\I��jp\_�Ynk` mo�vtÈ`cwow
mx�P3 \_[]b5`cn]mo\I��3 \_[iwª`���\_qsn�^_d'�Nd�[k` nrmx\_�2E

f nrlNdt�mhg�dG\`3�nrlNd` [r[k`���{
f `9^·`cnrd�wxd���d�wÀ}Jd t]jp[rmxuNnrmx\_�5\43ÈnrlNd�uN[]\Yjpd t]t�\_[atp{
f `�}Jd�trjp[]mouNn]mo\_��\43�uN[]\Yjpd t]t�\_[imo�Ynrd'[kjp\I�N�Nd jpn]mo\I�vt0/
�C�%nrlNm�tgu `cuvd�[�{ . d�jp\_� t�mª}Yd�[�nrlNd�uN[r\I|Nwod'b3\43~^Id��Nd�[a`cn]mo�N^Qwª`���\_qNnati3 [r\_b/t<qvjkl

}Yd trjp[]mouNn]mo\I�vt0/j-�`c�Y�Qjpmo[ajpqNmonij¤\_b�uNmxwod�[at�lv`���d�|vd�d���us[rd t<d��Jn]d }Ômx�Ïn]lNd�[]d jpd��Yn�wxmon]d�8
[a`cn]qN[rd�{vt<\_b�dÓ\43 . lNm�j�l�`c[rd`��I`cmxwª`c|swod`_tijp\_b�b�d�[kj¤mo` wNuN[]\Y}Jqvjpnat0/

f 5�nk` �v}N`c[a}Ûj¤d�wowijp\Ib�uNmxwod�[at�`c[rd�n]lNd�b�\·t�n�jp\_b�b�\_� t��st�n]d�b5t�`��I` mowª` |NwodQnr\k8
}N`���` �v} j�`c� uN[]\Y}Jqvjpd5j¤\_b�uv`Ijpn�w�`���\_qNnatJ3 \_[[k` �v}J\_b1wo\_^Imªj�/�b�lNd�w�`���\IqNnkt
uN[r\Y}Jq jpd }Ï|Y�Ôn]lNd t<d�jp\Ib�uNmowxd�[kt�lv`���d�|vd�d��%t<lN\ . ��nr\�|vd��d�[r�5b�qvj�l�wª`c[]^_d�[
jp\_b�u `c[rd�}Ïnr\�}Yd t�mx^_�vtGb5`I}Jd�|J��l `c�v} < � ? /2b�lsd t�d�nr\�\Iwªt�|s[rd ``G�nrlNd��v`cn]qN[k` w
nr\_uv\Iwo\_^I�Ûn]\l@vn5nrlNd#mv\�\I[ruNw�`c�S\`3�jpd'wowi[r\ . tp{i`c� } mx�S}J\Imo�N^ t<\N{~wo\·t�d�nrlsd
[rd�^IqNwª` [rmon<��mo�5uNw�`_jpd�b�d��Jn6` �v}Ô[]\_qNn]mo�N^n/

fpo `cna`cuv` nrlQjp\_b�uNmowxd�[kt³uN[r\Y}YqvjpdG��d�[]��}Jd'�vt�diwª`���\_qsnkt&|vd j�`cq t�dGn]lNd���b�`4G�d~qvt<d
\43�n]lNd�[]d�^_qNw�`c[]mon<��mo�slNd�[rd'�Jn~mx��}N` nk`cu `cnrl%j¤mo[kj¤qNmonat < � ? /rqid��Nd�[a`cwowx�5t�uvd ``GJmx�N^N{
t�qvjkl jp\_b�usmowod'[kt�w�`��%\_qsn�n]lNd5}Jm�s@d'[rd��Yn�d�wxd�b�d��Ynkti\43ÓnrlNdQ}N` nk`cu `cnrl mo� \_�sd
}Jmob�d'�vt�mx\_�2/;b�lNm�t�womx�Nd ` [�mv\�\_[]uNwª` �Ûm�t��N\In . d�wowh8Ct<qNmon]d }p3 \I[�|Nm�}Jmob�d'�vt�mx\_�v` w
nr\_uv\Iwo\_^Imod t
/

f h�[r[a`�� b5`4G�d'[kt�^_d��Nd'[k`cn]d�j¤qvt�n]\_b�mhg�d }�[rd�^IqNwª` [Qt�nr[]qvjpn]qN[rd t5t<qvj�lÜ`Itut&S�v�{
wxM�S6{�d�naj�/�b�lNd�t�d�n]\�\_w�t&`c[]d�|v`It�d }�\I��jpd�wxw�nrmxwomo�s^i`_j�jp\I[k}Jmx�N^inr\�`~qvt�d'[�8z}Jd0@v�Nd�}
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nrd�b�uswª`cn]d�/�b³\5|vd�jp\_b�u `cnrmx|Nwod . monrl%`�nrmowxmo�N^�t�n][k` nrd�^I��{@uN[]\Yjpd trt<\_[�mo�Ynrd'[kjp\I��8
�Nd jpn]mo\_� t�b�qvt<n�|vd�d�b�|vd }N}Jd�} mo�Ünrlsd%jpd�wow�t�nrlsd�b5t�d'wo��d t�\I[Ïmo� }Jd }Ymªj�` nrd }
[r\_qsnrmo�s^5jpd�wxwªt0/vhÓtGt�mxb�uNwodÓ[r\_qsnrmo�s^�b�q t�ni| d�^Id��Nd�[a`cwxwo��|N[]\�G�d���mx�Jn]\�t<d���d�[a`cw
jpd�wow�tGnr\�b�d�d'nGuv`c[a`cb�d'nrd�[]m g ` nrmo\I�!usqN[ruv\�t<d�{Kn]lNmªt�[rd t<qNwonat�mo�)`�jp\_b�uNwom�j�`cn]d }
nrd�b�uswª`cn]d�mx�J��\Iwo�Ymo�N^#`�wª` [r^_d�Jqsb�|vd�[�\43+jpd�wow�t0/

�C��3z`Ijpn�{Y`cwxw@\`3WnrlNd t<dGj¤\_b�uNmxwod�[atKqvt<qv`cwxwo��d�b�uNwx\c�`�qN�sm�H�qNd�uswª`_j¤d�b�d��Yn&` �v} . m 8
[]mo�N^t<nr[k` nrd�^I��/^b�lNd��uN[r\Y}Jq jpd�}Jd�� t�diwª`���\_qNnatK\_�swo��mA3Àn]lNmªt�t�n][k` nrd�^I� @vnkt�nrlNdijpmx[kjpqsmon
n]\_uv\_wx\_^I� <���? /;b³\!uN[]\Y}Jqvjpd
jp\_b�uv`_jpnwª`���\_qsnkt�\43g[rd�^IqNwª` [�`c[r[a`��Nt¤{+n]lNd5^_d��Nd'[k`cn]mo\I�
b�qvt<n�|vd}J\_�Ndmo�5n . \�t<nrd�uvt
E
�����³���Y�����v������� �Y� �J��!����Û�Gnrlsd�wª`���\_qNnÓ\43iuN[]\Yjpd trt<\_[at�mªti^_d��Nd'[k`cn]d }�|J�%jpw�`_t]t�mªj'`cw

jp\_b�usmowod'[kt0/#"�\ . d���d�[�{³n]lNmªt�^Id��Nd�[a`cnrmx\_� b�qvt<n�|vd�j¤\_�vt<nr[k` mo�Nd�} mo� \I[k}Jd�[�nr\
[rd�na`cmo�5n]lNd�[r\_qsnrmo�s^�[]d�^_qNw�`c[]mon<��` n~nrlNd` [r[k`��5wod'��d�wd/

���c� �%$ �N������&!�#'($��GnrlNdÓ`c[][k`���mªt&nrlNd'��uN[]\Y}Jqvjpd�}�|J��us[r\Yjpd t]t�\I[~nrmowxmo�N^g`c�v}�[rd'^_q�8
wª`c[~[]\_qNn]mo�N^�nr\�mx�Jn]d�[kj¤\_�N�Nd�jpn�n]lNd�ba/

b�lNd'[rd�mªtÓ`��sd�d }Ïnr\Q}Jd'��d�wo\Iu�`5jpmo[ajpqNmxn~^_d��Nd'[k`cn]\_[&3 \_[�n]lNd�`_t]t�d�b�|Nwo�5\`3�n]lNd t<d
t<nr[]qvjpnrqs[rd t
/�"�\ . d���d�['{Nt<mo�vjpd�n]lNd�[rdmªti` . m�}Jd�[a`c�N^Id�\`3�uv\·trt�mx|Nwod#`c[][k`��Qt�nr[]qvjpn]qN[rd t
) womx�Nd `c['{N|Nmª}Ymob�d�� t�mo\I�v`cwz{Nnr[]mª`c�s^_qNw�`c[�{vd�naj�/+*a{ mxn�m�tÍ�N\In�uN[k`Ijpnrm�j�`cwWnr\5}Yd0@v�Nd#`�t�mx�N^_wxd
j¤\_b�uNmxwod�[23 \_[�`cwxw³jp\I�vjpd�mx�_` |Nwodi` [r[a`���t�n][rqvj¤nrqN[]d t0/^b�lNd�` won]d�[r�v` nrmx��d . d�lv`���dÓj�ls\�t�d'�
m�tKnr\}Jd'��d�wo\Iu�`c[r[a`���t�uvd j¤mA@Àj�^Id��Nd�[a`cnr\I[kt
/JhÓt+`G[]d t�qNwxn�{ uN[r\Yj¤d }JqN[a`cwvwª`���\_qsn�t��st�n]d�b5t
< � {v� ? `c[rdnrlNd�|vd t<nG` uNuN[r\·`_jkl2/Àh ^Id��Nd�[a`cn]\_[imªt�nrlsd��Q`9uN[]\_^I[k`cb�mx� . lsmªjklÏ`�}Jd t<m 8
^I�Nd�[ij�` �Q`cuNuNwx�5`c�Y��uNw�`_jpd` �v}�[r\_qsnrdt�n][k`cn]d�^_��/�"�\ . d���d�['{�nrlNd t<dt��st�nrd'b5t&lv`���d�`
uv\�\I[�lYqNb5`c��mx�Jn]d�[ 3z`Ijpd�/ �Cn6j�`c��|vdi��d�[r�#}Jm+,�jpqNwxnKn]\�^_mo��d�`Gnrd��Ynrqv` wN[rd'uN[rd t<d��Ynk`cn]mo\I�
\`36t�\Ib�dt�mxb�uNwodÓ^_[k` uNlNm�j�`cw�t<nr[]qvjpnrqs[rd ti`c�v}5nrlNd'[rd�m�tÍuv\�\I[Gmo�Ynrd�[a`_jpn]mo\I�Ô|vd�n . d�d���`
n]d��Yn+d�}Jmon]mo�N^�t<d trt<mo\I�5`c�v}�nrlNdi�Jm�t�qv` womhg `cn]mo\_��\`3³n]lNd�[]d t�qswonrmx�N^}Jd t<mo^_�9/ 5·\_b�d~mx�J��d tF8
n]mo^·`cnrmx\_�vt < e ? lv`���d| d'd��!b�`_}Jd[rd�^·`c[k}Ymo�N^5nrlsd�qvt�d�\`3i`�uN[r\I^_[a`cb�b�mx�N^�wª`c�s^_qv` ^_d
n]mo^IlJn]wo��j¤\_qNuNwxd } . mon]l�` ��mo�Ynrd'[k`_j¤nrmo��d�^I[k`cuslNmªj�t�d }Jmxnr\_[/.-uS�TWviS#/0�m�t�t�qvjkl�`�n]\�\_wd/

b�lNd��sd��JnÓt�d�jpnrmx\_�Ï^Imo��d ti`�t<lN\_[]nGuN[rd�t�d��Ynk` nrmo\I��\436nrlsd1-uS�TWviS#/0�t<�Nt<nrd�b <32`? /
b�lsd�3 \_wxwo\ . mo�N^%t<d jpn]mo\_� tJ3 \Yjpqvt�\I� wª`���\_qNn^_d��sd�[k` nrmo\I� \43i|Nm�}Jmob�d'�vt�mx\_�v` w+[]d�^_qswª`c[
` [r[a`��st0/

4 , -/. , -1032

b�lsd5- SCTWviS#/0Ót��st�nrd'bVmªt�`�}Jd���d�wx\_uNb�d'�Jn³d��Y�Ymo[r\I�Nb�d��Yn³nr\#jp[rd�`cnrdi}Yd t�mx^_�Nd�[6t<u d8
j¤mA@Àj�^Id��Nd�[a`cnr\I[ktC3 \_[�nrlNdÓ`_t]t�d�b�|Nwx��\`3W[rd�^IqNwª` [6`c[r[a`��Nt
/6- SCTWviS#/70�lv`_t*3 \IqN[�b5` �<\_[
j¤\_b�uv\_�sd��Jnat0E
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Cell B_0

b) Contents of Cell B

Cell A_0

a) Bounding box of Cell B

KKmo^IqN[rd�ekE o mAsÀd�[rd'�Jn6n��Yuvd t�\43¾\_|N�<d jpnat

�5�J��� �W�N��� & �.�K� �6�Y��� b�lN[rd�d�n<�Yuvd tG\43~\I|N�<d jpnat�` [rd�qvt�d�} mx��nrlNd -uS�T*v%S#/0
t<�Nt<nrd�b /
h�� ���P� ��mªt�n]lNd�|v\_qN� }Jmo�N^ |v\c� \43#`��v`cb�d } jpd'wowd/��Cn5j¤\_�Ynk`cmx�vt�` jp\Iwowod�jpnrmx\_� \`3
[]d jpna`c�N^Iwod t6`c�v}��'\_[~mx�vt�na`c�vjpd�t+\43W@v^IqN[rd t
/�b�lNd�t�dG\I|N�<d jpnkt6`c[]dGqvt�d�}�n]\�b5` �v`c^IdGnrlsd
lsmod�[a`c[kjklY��/
h�� ��	n	\��� � ����mªt�`_t]t�\Yjpm�`cnrd�} . mon]l%` @ ^_qN[]d�` �v} []d�uN[]d t�d��Ynkti\_�Nd�mo�NusqNn��'\_qNn]uNqNn�\`3
n]lNdi@v^IqN[rd�/Jh jp\_�N�sd jpnr\I[�mªt�` w . `��st+\I��nrlsd�@v^IqN[rdÓd }J^_d�t�`c� }�l `_t�`�j¤\_wo\I[�{Y`�� `cb�d
` �v}Ï`�t<m g�d�/
h ����� � ��	����h��m�tG`�uNmxd jpd�\`36b5`cn]d�[rm�`cw³\_�%`�w�`���d'[�/vhË[]d jpna`c�N^Iwod�l `_t�`�jp\Iwo\_['{³`�t<m g�d
` �v}Ïj'`c�5|vd��v` b�d }r/

KKmx^_qN[]d5e�mowowxqvt�n][k` nrd t~nrlNd�}YmAsÀd�[rd'�Jni\_|N�<d j¤nGn<�Juvd t
/*7�[rd ` nrmx\_�³{³}Yd�wod�n]mo\I�Ï\_[�b�\k8
}YmA@Àj�` nrmx\_��\_uvd�[a`cn]mo\_� tÔ\_��n]lNd t<d�\_|N�<d jpnat�`c� } qNuÀ}N` nrd%\43#nrlNd%jpqs[r[rd'�Jn5}Y[k` . mo�N^
` [rdGus[r\Yjpd t]t�d }�|J��nrlNdÓ}N` nk`c| `_t�db5`c� `c^_d'[ . []mon]nrd���mo�#7
	�	C/��i|N�<d jpn�\_[]mod��Ynrd�}9w�`c��8
^Iqv`c^Id t�`c[]d . d�wxwNt<qNmon]d }J3 \I[&\_|N�<d j¤n&b5`c�smouNqNw�`cn]mo\_�t<qvj�l�`It -uS�T*viS#/70�\_uvd�[a`cnrmx\_�vt¤{
` �v} 3 \I[i}Jd���d�wx\_uNmx�N^��sd . jp\Ib�b5`c� }Nt�`c�v}5[rd�qvt]`c|Nwxdjp\Y}Jd < e�� ? /

���� � ! �v���Y���W��� � �J���/h uN[]\_^I[k`cb�b�mo�N^Qwª` �N^_qv` ^_d�m�t9mx�v}Jmªt<uvd��vtr` |Nwod
`_t�`�|v`It�d
qsu \I� . lNmªjkl�n]\�}Jd'��d�wo\Iu�t<u d�jpmA@Àj~^_d'�Nd�[k` nr\I[kt0/nb�lNmªt6`cuNus[r\�`Ij�l�^_mo��d�t¾b�qvjkl mvd��Ymo|Nmh8
wxmon<��/�1%d�jklN\�\�t<d�n]lNd�����0`OÔwª` �N^_q `c^_dd��Ynrd��v}Yd } . monrlQt<\_b�d�t<uvd jpmA@ j�3 qs�vjpnrmx\_�vt 3 \_[
w�`���\_qNn�}Yd t�mx^_�³{Wt�q j�l)`_t������ � �%� ��� ����� ����\I[�� � �������F��	�� � ��	 �0�"!��0� � �$#%�k/ÈhGtGnrlNd�mo�Ynrd�[ 8
us[rd�n]d�[�d��I` woqv` nrd t~`�}Jd t<mo^_� 3 qN� jpnrmx\_�³{Ymonij�` wowªt�nrlNd - SCTWviS#/0}N`cna`c|v`It�db5`c�v` ^_d�[
. lsmªjkl�d��Jd�jpqNnrd�tÂn]lNdi`_t]t�\Yjpm�`cnrd�}�\_uvd�[a`cnrmx\_��`c�v}�[rd�n]qN[r�vtÈ`c��d��Jd�jpqNnrmx\_��t<nk`cn]qvt0/^KN\_[
mx�vt�na`c�vj¤d�{&� � �����'�F��	�� � ��	 �0�(!��0� �h�$#%�[rd�n]qN[r�vt �ÀmA3)�0� � �Nd��Ymªt<nkt¤{2	�� �Y\_nrlsd�[ . m�t�d�/

�C��monat�t�mob�uNwod t<n 3 \_[]b�{@`5jpmx[kjpqsmoni^_d��Nd'[k`cn]\_[�mªt�`5jp\Ib�b5`c� }Ôt]jp[rmxuNn�/9b�lNd*�+��0`O
w�`c�N^Iqv`c^Id5`cwxwo\ . t�n]lNd�qvt�d�\43iuv` [k` b�d�nrd'[ktp{¶jp\_�v}Ymonrmx\_�v` w�\_uvd�[k` nrmx\_�vt`c�v}�t<qNuNuNwxmod t
3 qs�vjpnrmx\_�vtGn]\Ôn]d t�n�n]lNd�d'�Jd j¤qNnrmx\_�%jp\I�Jn]d��Jn'{\3 \_[�mx�vt�na`c�vjpd,���0� �h���F��	-� �/.R��� �
�>��.���0$�I{�t<\
n]lv`cnÓ`�^_d��Nd'[k`cn]\_[Ój�`c�QuN[r\Y}Yqvjpd�` ��d��Ynrmo[]d�jpw�`_trt~\43¾[rd�^IqNwª` [i`c[r[a`��Nt¤{ \I[G` 3 qN�vjpn]mo\I�
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j'`c� |vdÏ[rd'qvt�d }�mx� }JmAsÀd�[]d��Yn�`c[r[a`���^_d��sd�[k` nr\_[at0/;b�lNd -uS�T*v%S#/0Ït<�Nt<nrd�b1jp\Ib�d t
. mxnrlQ`�womo|s[k`c[]��\`36t�q j�lQ}Jd t<mo^I� 3 qs�vjpnrmx\_�vt
/

�³��!������#' $�� � � ���#!µ���.'��<����� � ������� Z&[r\I^_[a`cb�b�mx�N^Ïw�`c�N^Iqv`c^Id t5`c[]d#GY�N\ . � 3 \_[
n]lNd�mx[�wª`Ij�G�\43Èmo�Ynrd'[k`_j¤nrmo�Ymon<��/IhS^_[a`cuNlNm�j�t�d }Jmxnr\I[�mªt�n]mo^IlJn]wo��jp\_qNuswod } . mxnrl5nrlsd �+��0`O
mx�Jn]d�[rus[rd�n]d�[�/Pqi[a`cuNlNm�j�t~t��st�n]d�b jp\_b�b�`c�v}NtÈ`c[rd�n][k`c� trjp[]mo|vd }�mx�Jn]\��+��0`O�3 qN�vj¤nrmo\I�vt0E
j¤qN[kt<\_[�b�\c��d'b�d��Ynkt¤{N\_|N�<d j¤n�b�`c�NmxuNqNwª` nrmx\_�vt¤{@d�nkjk/ 1�lsd���` ��d }Jmxnr\I[�jp\Ib�b5`c� }Ômªt
m�trt<qNd }@{&n]lNdQ`_trt<\Yjpmª` nrd } }Jd t<mo^_�l3 qN� jpnrmx\_� mªt�d��I` woqv` nrd } |J� �+��0`O2/;-Ïmo�Ymo�N^Qd }Jmxnr\_[
j¤\_b�b5` �v}Nt�`c�v} }Jd t�mx^_� 3 qN�vjpn]mo\I�vtp{i` }Jd t<mo^_�sd�[Qj�`c�Üd `_t<mowx� wª`�� \_qNn
t�nr[]qvjpn]qN[rd t
}Ym+,�jpqNwon6nr\�t<mob�uNwx��}Yd trjp[]mo|vdG|Y�5`�nrd'�Jn]qv`cw³[]d�uN[rd�t�d��Ynk` nrmo\I�Q`cwo\I�Nd�/

D@mhG�dGb5`c�Y��t��st�n]d�b5t¤{6- SCTWviS#/70�j�` �Ôb�d�b�\_[]m g�d6mo�Ynrd�[a`_jpn]mo��d�wx��`�t<d`H qsd��vjpdG\`3
j¤\_b�b5` �v}NtWj�`cwxwod }`Gb5`_jp[]\�8zjp\_b�b�` �v} ) b5`Ijp[r\i3 \I[�t�ls\_[rn * /^b³\�|sqNmow�}�`Gb5`_j¤[r\N{ nrlsd
q t�d�[id��Ynrd�[at�nrlNd  � ��� � 
C� ���
	���	���b�\Y}Jd�/nb�lNd�t<�Nt<nrd�b�d��Yd jpqNn]d t�` �v}�t�n]\_[]d tÍd�`_jkl
d�}Jmon]\_[~j¤\_b�b5` �v}�\_[ �+��0`O�3 qN�vj¤nrmo\I��mªt]t�qNd�}r/Rb�lNdGb5`Ijp[r\#jp\_� t�nr[]qvjpn]mo\_�5m�t @v�Nm�t�lNd�}
. lsd��5nrlNdqvt�d�[~wxd `���d t+n]lNd  � ��� � 
C� ���
	���	��Gb�\Y}Yd�/NhSb5`Ijp[r\mªtitr`���d }�`It�`*�+��0`O
3 qs�vjpnrmx\_� . mon]l�`�qvt�d�[6t<u d�jpmA@vd�}9�v` b�di`c� }�mªt�j�` wowª` |Nwod~|Y��nrl `cn�� `cb�d�/k-�`_j¤[r\�t6`c[]d
b�`cmo�swo��q t�d }c3 \I[�[]d�uvd�nrmxnrmo��d6nk`It Gst . lNd�[rdinrlsdGt]`cb�dÓt�d`H�qNd�� jpd�l `_t+n]\�|vdGd��Yd jpqsnrd }
t<d���d�[a`cwvnrmxb�d t0/�1�mxnrl�n]lNd`_}N}Jmxnrmx\_��\`3&uv` [k` b�d�nrd'[kt�` �v}5jp\_� }Jmon]mo\_� `cw³mo� t�nr[]qvjpn]mo\_� tp{
n]lNmªt�b�`_jp[]\-�03 qs�vjpnrmx\_�Qj�` �Ô|vd�^_d'�Nd�[k` womhg�d }@{s`c�v}5qvt�d }5`ItÍuv` [rni\43¾`9^Id��Nd�[a`cn]\_[�/

� �J���#� ��'���� $ !���� � � ����� ���W��� � b³\�|vdÏd ,�jpmod'�Jn'{&`�^_d��Nd'[k`cn]\_[�b�qvt<n�| d�n]d jkl�8
�s\_wo\I^_��mo�v}Yd�uvd��v}Jd��Yn�/�-uS�TWviS#/0�\`sÀd�[ktC3z`_jpmxwomon]mod tr3 \_[�^I[k`cuslNmªjijpqN[at�\_[6b�\ ��d�b�d���n�E
}Ymªt�uswª`_j¤d�b�d��Yn@\`3
	�b�mªjp[]\_�vt@mx��` �J�#}Jmo[]d jpnrmx\_�
� t<�v`cusuNmo�N^Ónr\�` |vt�\IwoqNn]dGjp\�\I[k}Jmx�v`cn]d tp{
d'nkj�/v�C�%`_}s}Jmon]mo\_�¶{ n]lNd�t<�Nt<nrd�b�uN[]\c�Ymª}Yd tÍwx\_^Imªj�` w&` �v}�jp\�\_[a}Jmo� `cnrd 3 []d�d�j¤qN[kt<\_[Gb�\k8
��d'b�d��Ynkt*3 qN�vjpn]mo\I�vt~t�qvjklQ`_t
E

f b�\ ��d�n]\�` �Ôd�}J^_d�\43¾nrlNdjpqN[][rd��Yn�\I|N�<d jpn'{Nt�q j�l
`_t �����^� ������d� �� �$�F��	 � �0� ��� �I{
f b�\ ��d�n]\�`��Nd'mo^_lY|v\_[]mo�N^�jpd�wxwC{Yt�qvjklQ`_t������^� ������ � � �F�����R�
��� �0� �h� �I{
f b�\ ��d�n]\�`�jp\I�N�Nd j¤nr\_[~\`36` @v^_qN[]d�{vt�q j�lQ`_t ��� ��	n	\��� � ��� �F��� �k/
b�lNd�t�di3 qN� jpnrmx\_�vt~` [rd�t<m g�d�8 mo� }Jd�uvd��v}Jd'�Jn6`c� }�[]d�wo��\I�5nrlNdGwx\Yj�`cw¶jp\_�Ynrd'�Jn6\43Wnrlsd

w�`���\_qNn¶`c[r\IqN�v}�nrlNd6jpqN[at�\I[Kwx\Yj�`cn]mo\_�9/`b�lNd�[rd
3 \_[rd·{pnrlsd��G` wowx\ . nrlsd�}Yd t�mx^_�Nd�[Ànr\imo^I�N\_[]d
n]lNd�` |vt�\IwoqNn]d�j¤\�\_[k}Ymo�v` nrd t�\`3Wwª`���\_qNn6^_d�\Ib�d�n][rmod�t&`c�v}�n]\�}Jd0@ �Nd�t�mhg�d�8 mo�v}Yd�uvd��v}Jd��Yn
b�`_jp[]\�t+\I[ 3 qN�vjpn]mo\I�vt0/RKN\_[~mx�vt�na`c�vj¤d�{Jn . \�t<d�nkt�\`3�j¤\_�N�Nd�jpnr\I[kt�b�qvt�n6| djp\I�N�Nd j¤nrd }
|Y��`�|Nqvt~`_tit�ls\ . �5mx��@v^_qs[rd � /v�C��n]lNmªt�d��s`cb�uNwod�{InrlNd�j¤\_�N�Nd�jpnr\I[kt�lv`���d�}Jm�sÀd�[rd��Yn
t<m g�dQ` �v} ` [rdÏqs�Nd���d��Nwx��t<uv`_j¤d }r/ b�lNdÏm�}Jd `Ïmªt�nr\)}Jd���d'wo\_u `�b5`_j¤[r\�nr\%uvd�[ 3 \I[rb
n]lNmªti[rd�uvd�n]monrmx��d�nk`_tFGr/��Gt<mo�N^�\I�Nwo�
`c|vt<\_wxqNnrd�jpqs[kt�\I[Gb�\ ��d�b�d¤�Ynktp{YmonimªtG}Ym+,�jpqNwoninr\
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KWmo^_qs[rd � E���qvt�|vd�n . d�d��5jp\I�N�Nd j¤nr\_[atÍ\`3�}YmAsÀd�[rd'�Jn�t�m g'd t~`c�v}Qt�uv`Ijpmo�s^�t0/

`I}N`cusn�nrlsd�b5`_jp[]\�nr\5n]lNd�}JmAsÀd�[]d��Yn�jp\_�s�Nd jpn]\_[t�mhg�d t�\I[�t<uv`_j¤mo�N^·t0/WZ&[r\_| `c|Nwx��{@nrlsd
|sqvt�jp\_�N�sd jpnrmx\_� . mowxwN|vd�d�[][r\I�Nd�\_q t+`It�t<lN\ . ��mx�c@v^IqN[rd � /xe�/�1�mon]l�jp\�\_[a}Jmo� `cnrd%3 [rd�d
j¤qN[kt<\_[�b�\c��d'b�d��Ynkt¤{vt�qvjkl `It������^� ������ � � �d� � � � � �0� �h� �Qnr\Qb�\ ��d�nrlsd5jpqN[at�\_[�3 [r\Ib/`c�
ls\_[rmhg�\_�Ynk` w&j¤\_�N�Nd�jpnr\I[Gnr\�n]lNd��sd��JnÓ\_�Nd�{vnrlsd�b5`Ijp[r\�mªtG`I}N`cusnrd }Ïn]\5}JmAsÀd�[]d��YnGt<m g�d
` �v}Ït<uv`_j¤mo�N^�`_t~t<lN\ . �Ïmo� @v^IqN[rd � / � /

b�lNm�tÂd'�N` b�uNwod¾t�lN\ . tKn]lNd�mob�uv\_[]nk` �vjpd�\43vn]lNd~j¤\�\_[k}Ymo�v` nrd 3 [rd'd 3 qs�vjpnrmx\_�vt
/�1�mon]l
n]lNd�`I}N}Jmxnrmo\I��\43�`�n]d j�ls�N\_wx\_^_� @vwxd�jp\I�Jna`cmx�Nmo�N^�nrlsd�}Jd0@v�Nmxnrmx\_�Ï\`3�`c3 d . �I`c[]mª` |Nwod t
}Yd trjp[]mo|Nmx�N^�n]lNd�b�mo�Nmxb�` w . mª}Jn]l%`c�v}�t<uv`_j¤mo�N^5\43�[r\IqNnrmx�N^5wª`���d�[kt¤{@`5}Jd�t�mo^I�Nd�[j�` �
us[r\Y}Jqvj¤d~t��Yb�| \Iwom�jKwª`���\_qsnkt³`c� }�}Jd0@ �Nd 3 qNwxwo�inrd jklN�N\Iwo\I^_��mo�v}Yd�uvd��v}Jd��Yn³^_d'�Nd�[k` nr\I[kt0/
hi�Ôd'�N` b�uNwodi\43¾t�q j�lQ`�^_d��Nd'[k`cn]\_[imªt~}Jd'nk`cmxwod }�mo�5nrlNd��Nd'�Jnit<d jpnrmx\_�2/

� - � � �%� " ���$��'���
��(%�����6��� ����������	È���

�C�%nrlNm�t�t�d jpn]mo\I�³{W`�|smª}Jmxb�d��vt<mo\_� `cw&uN[]\Yjpd t]t�\_[#jpd�wxw�`c[][k`���^_d��sd�[k` nr\_[mªt�}Jd t]jp[rmx|vd }r/
hÓt�mo�NuNqsn�{Nmon6nk``G�d t�nrlN[]d�d�uv`c[a`cb�d'nrd�[at0E

f nrlNd��Nd�n]wom�t�n�\`3�`�uN[]\Yjpd trt<\_[Ójpd�wxw@`Itrt<qNb�mo�s^�nrlv` ni`cwow³us[r\Yjpd t]t�\I[kt~mo�5nrlNd` [r[k`��
`c[rd5m�}Jd��Ynrmªj'`cwd/WKN\_[�n]lNdQtr``G�dÔ\`3t�mxb�uNwxmªjpmxnC��{@\I�Nwo��|smon�8 wod'��d�w&uN[]\Yjpd trt<\_[at�`c[]d
jp\_�vt<mª}Jd'[rd }@{st�\�n]lv`cni`�uN[]\Yjpd t]t�\_[~m�t�wª` mª}�\IqNn . mon]lÏt<nk` �v}N`c[a}5jpd�wow�t0/^b�lNd�qvt<d
\43¾`�}N` nk` uv`cn]l�^_d��Nd'[k`cn]\_[imªt�qN� }Jd�[~mo�Y��d t<nrmo^·`cn]mo\_�9/

f `�}Jd�trjp[]mouNn]mo\_��\43�uN[]\Yjpd t]t�\_[imo�Ynrd'[kjp\I�N�Nd jpn]mo\I�vt0/
f nrlNdt�mhg�dG\`3�nrlNd` [r[k`���/

���c� �%$ � � � �6'����.$
��d
3 \_[rd}Jd�t�mo^I�Nmo�s^�nrlNd^_d��sd�[k` nr\_[Ómonkt<d�wA3]{Nn]lNd6@ [kt�nink`It GQmªt~nr\5}Jd
@v�Nd�n]lNd�n]\_uv\_wx\_^I�
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Cell (0,0) Cell (0,1) Cell (0,2)

Cell (1,0) Cell (1,1) Cell (1,2)

CTRL

CTRL

DATADATA DATA

KKmo^IqN[rdg�PEÀh�[r[a`���nr\Iuv\_wo\I^_�

\`36nrlNd#t�nr[]qvjpn]qN[rd�n]\�|vd�wª`cm�}Ô\IqNn�/��&��d�[]�5uNwª`Ijpd�b�d��Yn~` �v}Ï[r\IqNnrmx�N^�uN[]\_|Nwxd�b�b�q t�n
|vdt�\Iwo��d }�mx�Ô\I[k}Jd'[~nr\�}Jd�nrd'[rb�mx�Ndi`9uswª`_j¤d�`c�v}5[r\IqNnrdt�n][k` nrd�^I� 3 \I[~nrlNd�^Id��Nd�[a`cnr\I[
) wª`���d�[�t�d�wxd jpnrmx\_�³{Yjp\I�Jn][r\Iw³��d�[kt<qvt~}N`cna`J{vuv\ . d�[~[r\IqNnrmx�N^N{Nd'nkj�/ * /

b�lNd�^_d��Nd'[k`cw6nr\Iu \Iwo\I^_��m�tgus[rd t<d��Jn]d }�mo�u@v^IqN[rd��P/Wb�lNd�mx�Jn]d�[kjp\I�N�Nd j¤nrmo\I�vt�`c[]d
w�`cm�}Ô\_qsnGqvt�mx�N^�n . \�[r\_qsnrmo�s^�wª`���d�[at0ENb�d�na`cw�e�w�`���d�[�m�tÍus[rd03 d�[][rd } 3 \_[�}s`cnk`�t�mo^I�v`cw�t
. lsd�[rd `It9b�d�nk` w � 3 \I[�jp\I�Jn][r\Iwit�mo^I�v`cw�t0/ b�lNmªt�jklN\_m�jpdQjp\_b�d�tJ3 [r\Ib nrlNd
t�nk` �v}N` [k}
j¤d�wowÀ`cusuN[r\·`_jkl . lNd�[]d`�t�mo^I�v`cw³m�t~jp\_�s�Nd jpn]d }�nr\�`�t�na`c�v}s`c[k}Qjpd�wxw mx�NuNqNn ��\IqNnruNqsn�mx�
b�d�nk` w � wª`���d�[/

7�\I�Jn][r\_wÀt<mo^_� `cwªt�[rqN��lN\I[rm g'\_�Ynk`cwxwo�nrlN[]\_qN^Il�uN[r\Yj¤d trt<\_[kt�mx��b�d�na`cw � wª`���d�['{_t<qvjkl
n]lv`cn�`%}Jmo[]d jpn�mx�Jn]d�[kj¤\_�N�Nd�jpnrmx\_��n]\!n]lNd5�Nd��Yn�jp\_wxqNb�� . \_qNw�} |vdQu \·trt<mo|Nwxd�/ o `cna`
t<mo^I�v`cw�tÍ[]qN��|vd�n . d�d��5n]lNd�uN[r\Yjpd�trt�\I[G[r\ . t
/"�\I[rmhg�\_�Ynk` wW`c�v}Ï��d�[]nrm�j�`cw¶jp\_�N�sd jpnrmx\_�vt
` [rd�w�`cmª}Ï\IqNn�qvt�mx�N^5\_�Nwx�Ïb�d'nk`cw�e�w�`���d'[�/v�C��nrlNd�j'`_t�d�\`3ijp\I�N�Nd j¤nrmo\I�vt�mx��nrlNd�n . \
}Ymª`c^I\_�v` w�}Jmx[rd jpn]mo\I�vtp{N\I�Nd�}Jm�`c^I\_�v` wKb�qvt�n~|vduv`c[]nrwo�5[]\_qNn]d }Ômx�Ïb�d�na`cw � 3 \I[Gjp[]\�tF8
t<mo�N^n/xb³\�b�mo�smob�m g�d�nrlNd��YqNb�|vd�[�\43�Ymª`_t¤{+n]lNd�^_d'�Nd�[k` nr\I[�nrd t<nkt�n]lNd��YqNb�|vd�[�\`3
j¤\_�N�Nd�jpnrmx\_�vtGmo�%d `Ij�l%}Jmx[rd j¤nrmo\I�³{³jklN\�\�t<d t�n]lNd�}Jmo[]d jpnrmx\_� . mxnrla3 d . d�[gjp\_�N�sd jpnrmx\_�vt
3 \I[ijp[r\·trt<mo�N^�mo�5b�d�na`cw � wª`���d�[�{s`c�v}Q}J\_mx�N^�t�\s{ b�mo�Nmxb�mhg�d�t&n]lNd��JqNb�|vd�[�\43��Ymª`It0/

b³\5[rd�na`cmo��n]lNd�[rd�^IqNwª` [rmon<�5\43�nrlNd�[]\_qNn]mo�N^s{W`Ôt<nr[]mªjpn�}s`cnk`5jp\I�N�Nd j¤nr\_[�\I[k}Jd�[]mo�N^
b�qvt<n�|vd�[rd t<u d�jpnrd }5}Jqs[rmo�s^�nrlNd�uN[]\Yjpd trt<\_[G^Id��Nd�[a`cn]mo\_�9/
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OUT

VDD

CLK

RESET

CLK

GND

Cell A

Cell B

Cell C

IN

KKmo^IqN[rd 2 E@Z&[]\Yjpd trt<\_[xmv\�\_[]uNwª` �

�����³���Y�����v��� ���#�Y�c�Y��! ���
Z&[]\Yjpd trt<\_[wª`���\_qNnÓ^_d��Nd'[k`cn]mo\I�!m�t�|v`_t<d }!qNuv\I��`Qt�nk` �v}N` [k}�jpd'wowWwomo|s[k`c[]��/jb�lNmªt�`cun8
us[r\�`Ij�l�`cwowx\ . t+qvt�nr\�d�`_t�mxwo��b�mx^_[a`cnrdx3 [r\IbV\_�NdÓnrd jklN�N\Iwo\_^I��n]\�` �N\_n]lNd�[�/R5�nk` �v}N` [k}
j¤d�wow�t�` [rd�uNwª`Ijpd }Ïmo�%`5t<mo�N^Iwod�jp\IwoqNb��
`_t�t�ls\ . �%mo�a@v^IqN[rd 2 /KZW\ . d�[�` �v} ^I[r\IqN�v}
t<qNuNuNwxmod ti`c[]d�jp\_�s�Nd jpn]d }Ô|Y�Qjpd�wowW` |NqNn]b�d��Yn�{v`c� }ÏnrlNd���[]\_qNn]d }Ôls\_[rmhg�\_�Ynk` wowx�Ït<qvjkl
n]lv`cng`Ô}Ymo[rd�jpnGj¤\_�N�Nd�jpnrmx\_�Ïn]\�nrlsd��Nd��YnGjp\IwoqNb��Ïmªtiu \·trt<mo|Nwxd�/rb³\5nrlNd[rmx^_lYnG\436nrlsd
j¤d�wowijp\IwoqNb�� . dÏqvt<d�`�jklv` �N�Nd�w 3 \I[5}N`cna`�t�mx^_�v` wG[r\IqNnrmx�N^�/ b�lNd
jp\_�Ynr[]\_wÓt�mo^I�v`cw�t
) jpwo\Yj GÀ{ []d t�d'n�{Jd'nkj�/ *K[]qN�5lN\_[]m g�\I�Jna`cwxwo��nrlN[]\_qN^Il�t�na`c�v}s`c[k}Qjpd�wxwªt�`c�v}�n]lNd}N`cna`�[r\_qn8
n]mo�N^�jklv` �N�Nd�wr3 \I[i}Jmo[]d jpn~j¤\_�N�Nd�jpnrmx\_�5nr\�nrlNd��Nd'�Jnijp\IwoqNb��2/

b�lNd�`c[]d `Ô\`3~n]lNd�}s`cnk`5[r\IqNnrmx�N^Qj�lv` �N�Nd�w¾}Jd�uvd��v}Nt�\_�%nrlNd�womx�Nd ` [G\_[a}Jd�[rmx�N^Ï\`3
n]lNd�us[r\Yjpd t]t�\I[�jpd�wxwªt0/nbÂ\�b�mx�Nmob�m�g�dinrlsmªt~`c[]d `J{À`�b�mx��8zjpqNn�us[r\_|swod�b l `_t�n]\�|vd�t<\_wh8
��d�}@{@qvt<mo�N^5nrlsd!qiqN[a`c[rm�`c�v} 5�qv}J|v\_[]\_qN^Il `cwo^I\_[]monrlsb < � ? /2b�lNd�us[r\Yjpd t]t�\I[��Nd�n]wom�t�n
m�tÍn][k` �vtrjp[]mo|vd }�mo�
`9^I[k` uNl . lNmªjkl5mo�vj¤woqv}Jd�t�n . \�t�uvd jpm�`cwW�N\Y}Jd t
/rb�lsd�����^� �0� ) []d t 8
uvd j¤nrmo��d'wo� ���	 � *��s\Y}Jd![]d�uN[]d t�d��Ynkt�}N`cna` j¤\_�N�Nd�jpnrmx\_�vt�n]\ uN[r\Yjpd�trt�\I[5qNuNuvd�[5d }J^Id
) [rd t<uvd jpnrmx��d�wo�wo\ . d'[+d�}J^_d%*¾`c�v}�m�t�uNwª`Ijpd }�`cn~nrlsdGnr\IuÔ\`3&n]lNdGwxmo�Nd ` [�\_[k}Yd�[rmx�N^ ) []d t 8
uvd j¤nrmo��d'wo�Q`cnnrlNd�|v\_nrn]\_b * /Wh�won]lN\_qN^Il�nrlsmªt�`cwx^_\_[]mon]lNb3mªt�nrmob�d�jp\I�vt�qNb�mo�N^s{@mon�mªt
us[k`_j¤nrmªj'`cw�3 \_[6\_qN[6d��N` b�uNwxd t . lNd�[]d�n]lNdiuN[r\Yjpd�trt�\I[kt~` [rd�t<mob�uNwxd~` �v}�[k` [rd�wx��d��sjpd�d }
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`�lYqN�v}J[]d }Ïjpd'wowªt
/�KN\_[g`9^I[k`cusl . monrl)e��I���N\Y}Jd tÓ`c�v}%e_e����Nd'nktp{v`�womo�sd `c[~\I[k}Jd�[]mo�N^
b�mo�Nmxb�mhg�m²�N^�nrlNd�b�mx��8Cj¤qNn�m�t 3 \_qN�v}�mx� � = t<d jp\I�v}Nt0/

b�lNd��sd��JnÓt�n]d�u�j¤\_�vt<mªt�nat�\436�Nd'nG`Itrt�mx^_�Nb�d��Jn~n]\�nrlsd���d�[]nrmªj'`cw³[r\IqNnrmx�N^5jklv`c�s�Nd�w
n][k`Ij�Gst0/v�C�Ïn]lNmªt~uv` [rn�{Nn]lNd�}s`cnk`�jp\_�N�sd jpnrmx\_�Q\_[k}Yd�[rmx�N^�b�qvt<n�|vd�[]d t�uvd jpn]d }Ôn]\�us[rd�8
t<d�[r��dinrlsdG[rd�^IqNwª` [rmxn���\43Ènrlsd�`c[][k`���[]\_qNn]mo�N^n/Rb�lNd��³{YnrlNdÓmo�NuNqsn�uv` [k`cb�d�nrd�[at*3 \_[~nrlsd
us[r\Yjpd t]t�\I[�^Id��Nd�[a`cnr\I[G` [rd�uN[]\Y}Jqvjpd }j/

���c� �%$ � ��� �Y� �J���v�
b�lsd�^_d��sd�[k` nr\_[#t G�d�wxd�nr\I�%jp\_� t�mªt<nkt�\`3 � b5` mo�,�+��0`O 3 qs�vjpnrmx\_�vtjp\_[][rd t<uv\_�v}Jmx�N^�nr\
n]lNd�uNwª`Ijpd`c�v}�[]\_qNn]d�t�n][k` nrd�^I�rE

ek/�� �j��� �0��� ���� �P��	\�
���%� ����	 �#nk`4G�d�tG`_t�mx�NuNqNnat�nrlsd�womo�sd `c[i\_[a}Jd�[rmx�N^Q`c�v}Ïn]lNd��Nd�n
`_trt<mo^I�Nb�d��Yn�/

� /�� �j��� �0��� ������ � � ����	�� �Qna`4G�d t�`It�mo�NusqNnkt�nrlNd
t�mhg�d5\43�n]lNd�` [r[k`�� `c� } `�womªt<n�\`3
uN[r\Yjpd�trt�\I[�j¤\_�N�Nd�jpnrmx\_�vt
/;b�lNdQ}Jmªt<nk`c� jpd t�nr\%` wowx\ . [r\IqNnrmx�N^)t�uv`Ijpd5| d'n . d�d��
jp\_wxqNb��vt`c�v} []\ . t�`c[]dÏd��I` woqv` nrd } `_j'jp\_[a}Jmo�N^%nr\%nrlsd�jp\I�N�Nd jpn]mo\I�vt�nrlNd'b 8
t�d�wx��d t�` �v}Ôn]lNd�nrd jklN�N\Iwo\_^I���I`c[]mª`c|swod t
/

�^/���� �d� � � ��	�	\��� �d����	 �#jp\I�vt�m�t�natÍ\`3�`�}Jmo[]d jpn . mo[rmx�N^�|vd�n . d�d'�5jp\_wxqNb��vt
/
2 /��/.n���0� � ��	�� ��� � ��	�	\��� �d����	 �gmªt�mo� 3z`IjpnG`���0�����P�(� ���	� ��	���/
�^/�� ����������	���� � ��	�	\��� � ����	 ��n]d t�natÍn]lNd��YqNb�|vd�[6\43�jp\I�N�Nd jpn]mo\I�vt�mo�QnrlNdn . \5}Jm�`48

^_\_� `cwÓ}Jmo[]d jpnrmx\_�vt
/CKKmx[kt<n�{Kmxn�uvd�[ 3 \I[rb5t�nrlNdQ}Jm�`c^_\I�v`cwÓjp\I�N�Nd jpn]mo\I�vt . mon]lN\_qNn
�Jm�`_tp{Nn]lNd��5nrlsd��sd��Jn�}Jmª` ^_\I�v`cw&\I�Nd t
/ �+`Ij�lQj�`It�d�mªt�mx� 3z`_jpni` �0���`�
���������d��	��k/

� /����4�
� �d�/� ��� � ��	�	\��� � ����	 �j¤\_�vt<mªt�natÍ\`3�`�}Jmx[rd jpn . mo[]mo�N^�|vd�n . d'd��5[r\ . t0/

����q t�mo�s^�jp\�\I[k}Jmx�v`cn]d63 []d�di3 qN�vj¤nrmo\I�vtp{v` 3 qNwxwo��nrd jklN�N\Iwo\_^I��mo� }Jd�uvd��v}Jd'�Jn~^Id��Nd�8
[a`cn]\_[Glv`It�|vd�d�� . [rmon]nrd��9/@hGt~wo\I�N^�`_t�n]lNd�uN[r\Yj¤d trt<\_[�jpd'wow³[rd�t�uvd jpnatÍn]lNd�jp\I�N�Nd j¤nr\_[
uswª`_j¤d�b�d��Yn�jp\I�vt�n][k`cmx�Jnatp{YnrlNm�t+^_d'�Nd�[k` nr\I[ij�`c�5|vd�`cusuNwomxd } . mon]lQ`c�Y��uN[]\Yjpd t]t�\_[i` �v}
` �J��mx�Jn]d�[kj¤\_�N�Nd�jpnrmx\_�vt
/@�CnGna`4G�d tGwod�trt�n]lv`c��e'�5t�d jp\I�v}Nti3 \_[�n]lNd�^Id��Nd�[a`cn]\_[�nr\Qwª`��
\IqNnÓ`c�Q`c[][k`��5\43�e���|J��e'�9us[r\Yjpd t]t�\I[kt0/

KKmx^_qN[]d ��t�lN\ . t~nrlNd -uS�TWviS#/0Gmo�Ynrd'[ 3z`_j¤d�/^b�lNd(����� � .n�/�����C��	����	�!}Ymªt�uswª`��Nt~`
u `c[rn�\`3Ó`�}Jd t<mo^_� uN[]\Y}Jqvjpd�}!|J�%nrlsmªt�|smª}Jmxb�d��vt<mo\_� `cw6`c[][k`��!^Id��Nd�[a`cn]\_[�/;b�ls[r\_qs^_l
n]lNd � ��
��d�^�����C��	����	� n]lNd}Jd t<mo^_�sd�[ij�`c�Qmo�Ynrd�[a`_jpn . mon]lÔn]lNd �+��0`OÔmx�Jn]d�[rus[rd�n]d�[�/
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KKmo^IqN[rd �^E - SCTWviS#/70�mo�Ynrd'[ 3z`_j¤d

� 0 ��� � ( �%$+�'���

�C��n]lNd - SCTWviS#/0Gd��Y�Ymo[r\I�Nb�d��Yn�{I`�}Jd t<mo^I�Nd�[6jp[rd�`cnrd�t+lNm�t ��lsd�[~\ . �5t�uvd jpm�@Àj�^Id��Nd�8
[a`cn]\_[ktC3 \_[�nrlsdi`_trt<d�b�|Nwo��\43¶[rd�^IqNwª` [6`c[r[a`��Nt
/Pb�lsdit��st�nrd'b jp\_b�|Nmo�sd t@uN[r\I^_[a`cb�b�mx�N^
` �v}�^_[k` uNlNm�j�ti3z`_jpmxwomon]mod t
/ �i��nrlNd�\I�Nd�l `c�v}@{ÀnrlNd*����04O�wª` �N^_q `c^_d�^_mo��d�tÍn]lNdcm d��Jmh8
|smowomxn<���Nd�d }Yd } nr\ }Jd���d'wo\_u `c�Y� ^Id��Nd�[a`cnr\I[ . monrlÜ`%uv`c[]nrmªj¤qNwª` [�uNwª`Ijpd%`c� } []\_qNn]d
t<nr[a`cnrd'^_��/ �i��nrlNd%\_n]lNd�[5lv` �v}@{�n]lNd!^I[k` uNlNmªj'`cw&3 [r\I�Jn 8µd�� } ^Imo��d t�` lNmx^_lÜ}Jd'^_[rd'd
\`3&mx�Jn]d�[k`Ijpnrmx�Jmxn<��/��C��uv` [rnrm�jpqNw�`c[�{Nn]lNdGb5`Ijp[r\b�d jklv`c�smªt�bVb�d�b�\_[]m g�d't�t�d`H�qNd�� jpd t+\`3
^I[k` uNlNmªj~d }Jmxnr\I[�jp\_b�b5`c�v}stK` �v}���\I[ �+��0`Oc3 qN�vj¤nrmo\I�vt0/·�¸� }Jd�d }@{ monÈmªt&`G^_\�\Y}�b�d'nrlN\Y}
3 \I[&j'`cuNn]qN[rmx�N^�n]lNd6}Jd t<mo^_�sd�[��×t\mv\�\_[&uswª`c��b�d'nrlN\Y}J\Iwo\I^_��/ h���mxb�uv\_[rna`c�Yn -uS�T*v%S#/0
3 d�`cnrqs[rd�mªt�n]lNdt�m g'd�8µmx�v}Jd�uvd�� }Jd��Yn~}Jd t<mo^I� 3 qs�vjpnrmx\_�vt
/Rb�lNd}Jd t<mo^_�sd�[ij�`c� . \_[�G5mx�Ï`
wx\_^Imªj�` w . `���{³uN[r\Y}Jq jpd5t��Yb�| \Iwom�j�wª`���\IqNnkt`c�v}�}Yd0@v�Nd 3 qNwowx��nrd jklN�N\Iwo\I^_��mo� }Jd�uvd���8
}Yd��Jn~^Id��Nd�[a`cn]\_[kt
/

b�lNm�t�uv` u d'[�us[rd t<d��Jnat�`�^_d��Nd'[k`cn]\_[&3 \_[Ó|Nmª}Jmxb�d��vt<mo\I�v`cwW` [r[k`��Qwª`���\_qNn/rb�lsd�^_d�8
�sd�[k` nrmo\I��mªtKb�`_}Jd6mo��n . \�t<nrd�u t0/kKKmo[at�n�{InrlNd6uN[r\Yjpd�trt�\I[�m�tÂ^Id��Nd�[a`cnrd�}�[rd t<u d�jpnrmx�N^Gnrlsd



e'� ����� �����d�
��		��
 �� �
�
�����^�P� ������� � )j����

` [r[a`��Qjp\I�N�Nd j¤nrmo\I��jp\I�vt�n][k` mo�Ynkt~nr\�[rd�na`cmo�QnrlNd�[]d�^_qNw�`c[]mon<��\43¾nrlNd#`c[r[a`���/rb�lsd��³{Nnrlsd
` [r[a`���m�t�`Itrt�d'b�|Nwxd } . lsd�[rd�d `_jkl)jp\_�N�sd jpnrmx\_�a3 \_wxwo\ . t�`Ït�mxb�uNwxd�[r\IqNnrmx�N^�t]j�lsd�b�d�E
|s[rmª}Y^_d�{v[rmx��d�[�\I[�}Jmx[rd jpni[r\IqNnrmx�N^�/W7�\_�vt<nr[k` mo�Nmx�N^5nrlNd�us[r\Yjpd t]t�\I[�^Id��Nd�[a`cn]mo\_�%nr\�[rd�8
na`cmx��nrlNd6[rd�^IqNwª` [rmon<��nrls[r\_qs^_l�nrlNd6lNmod�[a`c[aj�lY��t�mxb�uNwxmA@vd t@n]lNd~` [r[a`��[r\IqNnrmx�N^�`c� }�`cwªt<\
3z`Ijpmowxmona`cnrd�t�t�\Ib�d�` �v`cwx�Nt<mªtit�qvjklQ`_ti}Jd t�mx^_�5[rqswod�jklNd j GJmx�N^�\I[�d'�Jn][k`_j¤nrmo\I�2/

�1�����6#� � �$

< e ?�� / �~`cna`cwomz{�� / -�`��Ywod·{ " / 5·lN[r\I| d·{ q(/ 5�q trt�b�`c�³{ o / 1!d�m�trt<d�/ b�lsd
o Z D+� o `cd�}N`cwxqvt o d�t�mo^I� �&�J�Ymo[]\_�Nb�d'�Jn/Û�C���
*)��
	 �� { � \_lN�ÜZW/iqi[k`�� d }j/o{
hÓj�`_}Jd'b�mªjiZ&[rd t]tp{NuNu%e�� � 8]e��I�J{�e��I�Je�/

< � ?�� -l/ ��d�[]^_d�{RDC/ �(/ o \I��g�d�wxwod�{ � /@�~\_qsmowow�`c[a}@{ o /@�~\_qRH�qNmxd�[�/xD+��K /%b³d jklN�Nmªj'`cw
�s\_nrd·{r7�� �;b 8dK&�ih��67 �~{³e'�_� �^/

< � ? 7%/ o d�g�`c�³{ �x/�qÓ`cqNn][rmo�¶{%" /kD@d B�d�[]^_d�{ ` �v}�Z*/��iqNmo�Ynr\I�2/ 5·�J�YnrlNd�t�mªt³\43¶t<�Nt<nr\_wxmªj
` [r[a`��st�|J� d`H�qv`cn]mo\_�Ünr[a`c�vtd3 \_[]b5`cn]mo\_� t0/V�C� "i)�" ��� � { �~`c[ajpd�wx\_�Nd�{x5�uv` mo�³{
5·d�uNnrd'b�|vd�[ie��I�Jek/

< 2k? �x/*qÓ` qNnr[]mo�³{jDC/³ZKd�[][k` qv}Jd ` q2/�-�h o -�h&7x5REv`�n]\�\_w*3 \I[GnrlNdwª`���\_qsnG\436[rd'^_q�8
w�`c[`c[][k`��st0/��C��� � ��� ��� ����� � �#��� ����.n� �p��	 )j��	�� .R����A� � � �
	\�
� �%�d����	 ��	��
� ��� �d�	�� ��� �d� � � 
 ����� ���0��� ��� � ��� ���� "%)
�e'p$ � ��>��	J{�qi[rd��N\I|Nwod·{�KN[k`c� jpd�{�-�` [kjkl
e'�_� � /

< � ? �x/j-l/rqiqN[k` [rmC{À� /�" /r5�qv}Y| \I[r\IqN^_l2/��Cb�us[r\ ��d } o �Y�v` b�mªjGZ&[]\_^_[a`cb�b�mo�N^�h�wh8
^I\_[]monrlsb5t*3 \_[ �~` �v} . m�}Jnrl -Ïmx�Nmob�m g ` nrmo\I��` �v}�nrlsd&-Ïmx�r7�qNnxD@mx�Nd ` [~h�[][k`c�s^_d�8
b�d��Jn�Z&[r\_|swod�ba/W�C�������^�
	����W� �&"%� �����
� �/.n�6�¤{�B+\Iw �Y{ uNu �I�Je08 � 2 � {&e'�_� 2 /

< �`? o / � \_l `c�vt<d��2/l5�mowxmªjp\I� 7�\Ib�uNmxwª`cn]mo\I�2/ "��	����	 �0� ���&���`� ����� .��
	 �
*)�� �6Z&[r\k8
j¤d�d }Jmx�N^�t�\`3&n]lNd o d jpd��s�Nmª` wC76`cwon]d jkl#7�\_�P3 d'[rd��vj¤d�\I�#B�D*5 ��{n-�`c[aj�l%e��I�_�^/

< =? "(/>b&/W:GqN�N^�/ 1�lJ�)t��st�n]\_wom�j�`c[aj�lsmonrd�jpnrqN[]d t"!#� � � � ';��� �j��� ����{WB+\Iwie �J{&usu
� = {We��I� � /

< � ? ��/ � / D@mouNn]\_��` �v}S`cw / h&D³� E~` Z&[r\Yj¤d }JqN[a`cw D³` �N^_q `c^_d n]\ o d t]jp[rmx|vdaB�D*5Y�
D³`���\IqNnkt
/��¸�$� �&%�' $ ����>��	c"���� ��� �%�d����	 ';��	 �`�
� �
	 �0�k{_usu 2���= 8 2P= 2 { � qs�NdGe'�_� � /

< � ? "(/ �x/�5�lN[r\I|vd�/;b�lNd�}N` nk` uv`cn]lÔ^Id��Nd�[a`cn]\_[�/��C� ';��� �W';��	��)(+*J�>��.-,\��� .n	n����� ���
��	1�/.R�.�
	 ����
� �%�d����	/�
	������ �d�
�c{�uNu�� 2 �48z� 2 2 {v� � � � 7�\Ib�uNqNn]d�[ 5�\Yjpmxd�n<��{Ne'�_� � /



�����������
	������	����������������������
����������	! #"%$& #"('*) eIe

< e�� ? 1 /�1%\_w�3 /&�i|N�<d jpn 8 �i[rmxd��Ynrd }�Z&[r\I^_[k` b�b�mx�N^i3 \_[x76h o /&�C� � � � � $ � ��>��	 ��	��
,R��� � � � ';��� �j���F�
� �¤{YuNu�� �48 2 � {r-�` [kjkl!e'�_�Ye�/
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Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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