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(b) Buffer Insertion in
      Top-Down Phase
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(a) Option Calculation in
      Bottom-up Phase
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(a) Candidates for Buffer Insertion
      Points in [6]

(b) Candidates for Buffer Insertion
       Points in Our Implementation
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¦Z�u� ��n�¦Zì Î ¦un �u�uÏ Õ�n�¦Zì Î ë4¥�n ¥uÏ §�n �u� Î èuì�n §uÏ

° �q����j
ëv�x��o=£*��£�}�yxj
��ji���ulx���m£*��}�|i��}���}���|iyxjZ�q�xjiºã���¾�uÖ Î ¦Z�
�d}��m¤4�~Ï�lxo¾ÕuÖ Î ¦Z�=�<��}���¤���Ïs£�}�lx� & ,��Gf ¥<�q��ºË�uÖ Î ¦Z�<��}���¤���Ïslxo
¥uì=Ö Î ¦Z�u�<�d}��m¤4�~Ï�£�}�lx� & ,��Gf ë�n
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¥u� ë�n ¥u� Î ¦un �u�uÏ ë�n èu¥ Î ¦un �u¥uÏ ë�n Õu� Î ¦un�¦u¦ZÏ
�u� §�n �uì Î ¦un �u�uÏ §�n ¥u� Î ¦un �uèuÏ Õ�n�¦ZÕ Î ¦un�¦ZìuÏ
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lx��j<��w�tK�mjiy{oqp���w�µ�jiyx�±�q��}��Tç §Bé
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¦Z� ì Î ¦un �u�uÏ ì Î ¦un �u�uÏ ì Î ¦un �u�uÏ
¥u� ¦Zì Î ¦un �u�uÏ ¦Zì Î ¦un �u�uÏ ¦Zì Î ¦un �u�uÏ
�u� è�¦ Î ¦un �u�uÏ èu¥ Î ¦un �uèuÏ èuè Î ¦un �u§uÏ
¦Z�u� �uè Î ¦un �u�uÏ �uÕ Î ¦un �uìuÏ §�¦ Î ¦un�¦Z�uÏ
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Ò��.ld��}��/k��qk�jiyi��£�j����q�uj�k�yxji�²ji��lxjiºÄ�q���B���uouy�}�lx��t�� �s��Ó"lxyxjiju�
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j~µ�ji|il�}��uji��ji�x��jiÑ�k�jiy�}�tvji��l��B�����=n
á w�lxw�yxj�£�ouyx¤<£�}�����}���|~��wmº�j
ld�mj{lxoul��B�+|Z�qk��q|~}�l��q�m|ij{t<}���}�tK}�³Z�BÓ
l�}�ou�±�q�mº<lx��j~}�y0lxy��qº�j~Ó"oqµ/£�}�lx�±lx�mj�yxjiÌ4w�}�yxjiº�l�}�tvj��ql0ld�mj��xouw�yx|ijun
êæj��B���xo k����q�ÍlxoÈ}���|iouyxk�ouy~�qldjÄoukml"}�t¾�B��£�}�yxji��}�³~}��m�Èp�ouyËp�wmy�Ó
lx��jiysº�j~���q�<ouk�l�}�t<}�³Z�ql�}�ou�+nsÔ
w�y�k�yxj~��}�t<}����qyx�v�²ldwmº��v�²��ou£*�slx���ql
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�moulxldout<Ó"w�kÈº������qt<}�|�kmyxou�uy��qtvtK}����.k��qy��qº�}��ut jit½k���ou�ujiº:}��
lx��}���k��qk�jiyin�Ò"��lxjiyxji�xlxjiº/yxjZ�qº�jiyx�
t¾�q��|iou��l��q|il�lx��jK�qw�lx��ouy²��pIouy
lx��j�p�oq����ou£�Ó"w�k/£�ouyx¤�n
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ç�¦~é�r{n���nG�sjiyxt¾�q���m¨4n���n�r��qyxlxjiyi���q��º/¢Kn á n�h
�q�q�Bv ° ��j�p5�q�mouw�l
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¦Z�=ìu��n

ç ¥Bé�5±n½¨=n ° ouw��ql�}"��r{n�ê2n�¡ão4ou������n�¢<nV�sy��q��ldo=�����q��º �Kn
êT�q����� v ��jiy�p�ouy²t��q�m|ijæÔ
y�}�ji��lxjiº ° ji|~����oq��ou�u�ä¡Ð�qk�k�}������ x
��·�GB¸3�0P~E��=H#}����=?����0Ê��¾S�G=R+{+� ��k�k�n Õu�BÓd�uÕ��+¦Z�u�u��n

ç èBé<¢<n%¨=níz4}����=�Û�q�mº �Kníz��q�m�q}�ou�u�q����}�Ó"â�}���|iji�ulxj~����}"� vx�
5�jiw�yd}��xl�}�|������uouy�}�lx��t p�ouy´ld�mj á �q�mouw�l���yxou����jit�� x ��·xGZ¸3�
y S
���	� �!�!�"�±¹MP~E U=R y C�H�G=D<@4H�E�G=R�S�G=R�{�� �½¦Z�u�u����k�k+n èu�uÕBÓ
èu§u��n

ç ëqé 5±n:â*�B}��x�����B�Æ�q��º ¡æn ��jiº�y��Qtå�`v��*ouw�l��q��}���}�lx�=Ó�h{y�}��=ji�
á �q��ouw�l¾Ô{kml"}�t<}�³Z�ql�}�ou��� x ��·xGZ¸3� y S#�$�	� �!�!�"�±¹MPME U=R y C4Á
HIG=D<@=HIE�G=RæS�G=R+{+� �+¦Z�u�uè��mk�k�n ¥uèu�BÓd¥uèu��n

ç �Bé<��nq�±nq¢±�q�����q�+�%��ni��nqz�w��qy�}��i�q�q��º 5±nq¶½n á �q�����	v²�.¡ãjilx��o4º�Ó
oq��ou�u���q��ºT�����uouy�}�lx��tv��p�ouy ��ou�xl�Ó �0���q|ijitvji�ul½h{j~���Q�3Ô
k�l�}�Ó
t<}�³Z�ql"}�ou��� x ��·xGZ¸3� y S#�$�	� �!�!�%�±¹MPME U4R y C�HIG=D<@=HIE�G=R�S�G=R+{+� �
¦Z�u�qëm��k�k+n èu¥uÕZÓ�èuèu¥�n

ç §Bé<��n ��n �0n �0nã���q� ¶{}����mji¤4ji��� v]�sw�µ#jiy �`���q|ijitvji��l }��Æh*}���Ó
lxy�}���w�lxjiº���r�Ó"lxyxjij±��jilx£�ouyx¤��sp�ouy�¡å}���}�t¾�B�� `��tvouyxj±h�j~���q�u� x
��·xGB¸��	� �!�&�'�iRmHI�#Ê |QD ¼ ��S�E�·²¸BC�E�H�P�Ê |ZP~H:� �m¦Z�u�u���=k�k+n ìu§u�ZÓ�ìu§uì�n

ç ÕBé�¨=n*��}�����}��B��r{n*¢<n*r���ji���m���q��º ° n ° n*��}��+� v�Ô{kml"}�t¾�B���q��º
 ��¾|~}�ji��l=��w�µ#jiy�Ò����xjiyxl�}�ou���q��º�ê.}�yxj±z=}�³~}������ x ��·²GB¸3�(� �!�&�
S�C=PMHIG=D)�iR�HI¹dU=·²@=H�¹�ÀåS�E�·x¸ZC�E�H�P½S�G=R+{+� ��¦q�u�u���mk�k�n ¥u�u�BÓd¥u§u¥�n

ç ìBé�¨=n���}�����}��B�sr
n�¢Kn�r���ji�������q��º ° n ° n���}�����v�Ô{k�l�}�t¾�B�*ê.}�yxj
z=}�³~}����K�q��º��sw�µ#jiysÒ"���²jiyxl"}�ou��p�ouy��#ou£ ��oZ£�jMys�q��º¾�<¶�ji��jiy�Ó
�B��}�³ijiº�h{j~���q�v¡ão4ºmj~�5� x ��·²Gq¸��(�*�!�&�+�MRmHI��S�G=R�{���S�G=D ¼ C�H�¹Z·xÁ
y E�À=¹²À,�±¹MPME U=R �+¦Z�u�u���mk�k�n�¦ZèuìBÓ�¦ië4è�n

ç �Bé<h�n#-��mouw�� á n �`n#��yxjik��qy��ql����`�q��º�z�n`¡´n�¢±�q������vxÒ"�mldjiyx|iou��Ó
��ji|il�}�ou��h�j~���q�<}���â�jiyx� 5�}��u��Ó�z�k�jijiº/â��+z�Ò~� x �*�!�&�(?�·�@=R�P��
S�E�·²¸BC�E�H�P�Êm|ZPMHI� ��èuì Î ÕuÏ~�mk�k�n ÕuÕu�BÓdÕu�u���+¨Bw����Ð¦Z�u��¦un

ç�¦Z�Bé�¨=n{r�ou�m���
¢<n�z�n*��jiw��������q��º h�n.-#��ouw���v ��jiydp�ouyxt¾�q��|ij~Ó
h{y�}���ji��Ò���lxjiyx|iou����ji|il¾h�ji�d}��u�����Q�xjiºÄou�Èh*}��xlxy�}���w�lxjiºÄ��r
h{j~���q� ¡�o�º�ju� x ��·²GB¸3� y S#���	�*�&�!�/��¹MPME U4R y C�H�G=D<@=HIE�G=R
S�G=R+{+� �+¦Z�u�uè���k�k�n §u�u§BÓd§�¦u¦un

ç�¦u¦~é�¨=n{r�ou�m�����Knw�{n�¢��q�m������¶<n��*ou��}����B��¡´n�zm�qyxy��Bp�³Z�qº�ji���
�q��º´r
n�¢<n�êTou�����=v ��yxou�u�q�����å¶�o4o�º���jiy�p�ouyxt¾�q��|ij~Ódh{y�}��uji�
¶{��ou���B���*ouw�l�}������ x �*�!�&�2?�·�@=R�P+�+S�G=D ¼ C�HI¹B·²Á y E�À=¹²À0�±¹MPME U=R �
¦u¦ Î §uÏ~�mk�k�n Õuèu�BÓdÕu�u¥���¨Zw���jv¦Z�=�u¥�n

ç�¦Z¥Bé<r
n=¨=nQ����k�jiyxli� ° nqr
n$5�w���5±n$5�w��q�����=�q��º��KnP�{nq¢��Q�������4vx�
h�}�yxji|il�r�outK��}����ql�}�ou�<oqp+lx��j ��y�}�t(�q��º/h*} Fd¤4�²lxy��±r�ou���xlxyxw�|~Ó
l�}�ou����p�ouy�Ò"tvk�yxou�=jiº ��jiy�pIouyxt¾�q��|ij~Ó�h{y�}��=ji�v�*ouw�l�}��m��� x ��·²GB¸3�
� �!�&�1�iR�H:��Ê |qD ¼ �*S�E�·²¸BC�E�H�P{Ê |ZP~H:� �#¦Z�u�uè��mk�k�n�¦Zìu§u�BÓ�¦ZìuÕu¥�n

ç�¦ZèBé�¨=n ��n`r�ou��o4ou�.�q��º.��n�¨4n����q��º��B���5� v�r�y�}�l"}�|Z�B����jil½�*ouw�l�Ó
}������ x ��·²GB¸3�2�*�&�!�3�MRmH:�åS�G=R+{+�¾S�G=D ¼ C�HI¹B·4��¹MPME U4R �K¦Z�u��¦u�
k�k+n�¦ZÕqëqÓ�¦ZÕuÕ�n

ç�¦iëqé<¢<n�h�nV�so�ji�xju�½�KnV��n�¢±�q���m���&�{n��Kn�¡�|Zr�ou�q�<�q�mº�¶<n
�*ou��}����i�&v��*ji|Ml�}���}���jZ�qy¾z�lxj~}���jiy ° yxjiji�<£�}�lx�ä¡å}���}�tvw�t  `��Ó
tvouyxjïh�j~���Q�Xx ��·xGB¸�� y S#���	�*�&�!�5��¹MPME U4R y C�H�G=D<@=HIE�G=R
S�G=R+{+� �+¦Z�u�që���k�k�n èuì�¦~Ódèuìu§�n

ç�¦Z�Bé<¢<n´hKn���o4ji�xju���<nC��næ¢��q�m����� ��nÐ�<n�¡ã|Zr�oq�u���q��º
¶½n���ou��}����B��v���jZ�qy�ÓdÔ{k�l�}�t¾�B�
r�y�}�l�}�|Z�B��z=}���¤��*ouw�l�}���� ° yxjij
r�ou���xlxyxw�|il�}�ou���i� x �*�&�!�9?�·²@=R�P+�{S�G=D ¼ C�H�¹Z·²Á y E�À=¹�À4�±¹MPME U=R �
¦ië Î ¦Z¥uÏ~�mk�k�n�¦ië�¦ZÕBÓ�¦ië4èu§��mh�ji|un+¦Z�u�u��n

ç�¦Z§Bé �KnD5�ou����� ° n��{wmju�
 *n�z�n�¢
w�����r
n�¢Kn{r���ji�m���
�q�mºÍ¨4n
5�w��Q����� v ��jiy�p�ouyxt¾�q��|ij~Ódh�y�}��uji�Äz�lxj~}���jiy ° yxjijË�����uouy�}�ld�mt½�
p�ouy�¶���ou���B�m��ouwml"}������ x ��·xGZ¸3� y S#���	�*�&�!�6�±¹MPME U=R y C�HIG=D<@QÁ
HIE�G=RæS�G=R+{+� �+¦Z�u�uè��mk�k�n+¦ZÕuÕBÓ�¦Zì�¦un

ç�¦ZÕBé�ê2nsr
n� `��tvouyxju��v ° �mj ° y��q����}�ji��l½�*ji�xk�ou���xj�oqp�h
�qtvk�jiº
��}��mjZ�qyå��jilx£�ouyx¤T£�}�lx� �s�qyxl�}�|iw����qy¾�*ji�4�qyxº�ldo.ê:}�ºmji���q��º
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ç�¦ZìBé�¨=n r�ou���K�q�mºvr{n Ód¢Kn ¢
ou���Bv�z=}�tvw���l��q��jio=w���h�y�}��4jiy��q��º�ê:}�yxj
z=}�³~}�����p�ouy �`jiy�p�ouyxt¾�q��|ij��q��º ��oq£�jiy�Ô{kml"}�t<}�³Z�ql�}�ou��� x � �!�&�
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S�G=D ¼ C�H�¹Z·²Á y E�À=¹�À,��¹MPME U4R �+¦ië Î èuÏ~�mk�k�n èu¥�¦~Ódèuèu§���¡Ë�qyin+¦Z�u�u��n

ç ¥u�Bé�¨=nQ�*w���}����xlxj~}��+����n ��ji��Å�j~��º��q�q��º<¡ænq�Kn$5�ouyxou£�}�lx³u�	v�z=}��u���B�
h{j~���q�/}��´��r ° yxjij½��jilx£�ouyx¤��i� x �*�&�!�9?�·�@=R�P��
S�G4D ¼ C�HI¹B·²Á
y E�À=¹²À,�±¹MPME U=R ��¥ Î èuÏ~��kmk�n ¥=�u¥BÓ�¥�¦=¦u��¦Z�=ìuè�n

ç ¥�¦~é<z�n ¢<nu���qo����0nqzm�qº��q�4�qkmk��q��� á n ¢<n$5�£��Q�����q�q��º �`n ê nqz���ouyi�
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