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�� �:ô ò à�ô õOò ô ï:ÿ�ï ô ï��¢î ô òqþ#��� ô­ó � ó�à ï���ò Þ ��ñªñ ó�ß ò�*+��òqî à �ªî�þ à ò%� ô ï��¢î\ÿ,� ß­á

�-��� ô ò ß ý/.10 � �*ò32�ïZõ 
�ñ¢òÖö4� � òqî à �QòZï ô �¢î�þ'ïÌî/ò%� ð ñ¢òAö ô�� ò8ð?ñ¢ò ß­ó/ß­ô òqõ ï�ñ¢ñ �,à ï ô ò ß ï�î5�¢î � ÿ,òAö6�ªî�� ô �¥ïZñ���7�ò ß
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Xò3� Þ�� �Qõ$ï�î à òÏï ßwó õ 
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Õ Ö$èA×:æÙØdÚ�é;Ûµæ¥Ü�Ý-ÞàßÒÜtå;ÜNç?Ûoá

\ ß �ªî�þbÿ�òqñÕï ó òÊÿV�-��� ô ò ß^Þ�� �VõOò ô ïpÿ�ï ô ï à ï�î ß ��� ß­ô ïZî ô �¥ïZñ¢ñ ó �ªõ 
�� � �AòR
?ò%� Þ�� ��õ$ïZî à ò-� ó8à�� õ����¢î��¢î�þNõ���ñ �
ô ��
�ñ¢ò§��
�ÿ�ï ô ò ß �ªî ô�� ïOõ�� à
�5ß õ$ïZñ¢ñ¢ò3�s*[�?ïZî ô � ôwó=�ZÞ �?ï à�á þ#� � ��î?ÿ%ÿ�� ß­á �-��� ô ò ß ýJ� � ò ß ï%�,�¢î�þ ßµà8� õOò Þ � � õ
ô � ��ßp� ��� à ò ß�L ü�M � õ��/ñ ô ��
�ñ¢òK��
�ÿ�ï ô ò ßNô�� ï ß �ªî�þ:ñªò*õOò ô ïpÿ�ï ô ï à�� õ 
 � î�òqî ô ü·òAý þ/ý¢ö��Qòqõ � �pï�ñ ��Þ ï �Qò à òqî ô ñ ó
ï:ÿ/ÿ�òZÿ'ÿ����Qò à�ô�� � ó òqî ô � óI� ö>ïZî?ÿ.õ � �Qò ß �¢þpî���ð à ï�î ô ñ ó öFüUP � õ���ñ ô ��
�ñ¢ò@�ªî?ÿ�ò%
?òqî ÿ�òqî ô ��
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Inode #7

Inode Block Directory Block
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Inode #4
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Inode #7

Inode Block Directory Block
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Inode #4

Inode #5

Inode #6

Inode #7

Inode Block Directory Block

< A,#4 >

< C,#7 >

< --,#0 >

(a) Original Organization (b) Create File A

(c) Remove File B
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üSð+ï?÷pï&ù�örì�ö�üUö�ë�ý/ö�
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��ò�ñ¥ï ô ò ô��'ô�� ò$þ��¹ï�î,��ñ¥ï���� ô­ó9��Þtô�� ò�ÿ�ò%
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�ñ¢ò4ÿ�ò%
?òqî?ÿ,òqî à�ó�à ï�� ß �ªî�þ à�� õ 
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�ÿ�ï ô ò ß �ªî ô�� ò ßp� ��� à òbõOòqõ � � ó
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ð?þ �
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ç ò%
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?òqî?ÿ,òqî ô ��
�ÿ�ï ô ò ß �Qòqõ$ï��¢î
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� � ß
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� ÿ�ò ß�à �����?òZÿ
�¢î ô�� ò 
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zÿ/ï ô ò ß ��î ô �ªñIï Þ·ô ò%� ô�� ò
��
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(b) Directory Block Flushed
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(c) Inode Block Flushed
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Inode #4
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�� �,à ò ß�ß �¢î�þÑï!��ò8ï�
�
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 �Öß ò ß­ô ��� à�ô ����ò ß!Þ�� � ßwô�� ���¢î/þ�ÿ�ò%
?òqî?ÿ,òqî à�ó �¢î Þ�� ��õÑï ô � � î>ý~}kï à&� ÿ�ò%
?òqî?ÿ�ò�î à�ó
ß­ô ��� à<ô ���Qò à�� î ô ï!�ªî ß ï ôwó 
?ò$ü à �����Qòqî ô ñ ó ö]M �ZÞ M%Ô � ïZî?ÿ ß ò3�Aò%��ïZñ ôwó 
?ò ��ß 
?ò à �¨ð à �pï�ñ���ò ßNô�� ï ô �Õÿ�òqî ô � Þ·ó$ô�� ò
ï ßQßp�,à �Õï ô òZÿÅõOò ô ï:ÿ�ï ô ï,ö ��� ñ¥ÿ��?ò Þ�� �Qò � ï Þ·ô ò%� à�� 
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ð?ñªò��/ñ �,à�á�ß ï�î ÿ ô�� �ªî?ÿ�ò%2 ô�� òqõ ß ò3
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��¢ò ß ý5� � � ß*ß �¢õ 
/ñ���ð ò ß ÿ�ò%
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ï�î�ï ß�ßp�,à �¥ï ô òZÿÌÿ,ò%
?òqî?ÿ�òqî à�óOßwô ��� à�ô ����òtïZî?ÿiõ$ï á ò ßkà ò%� ô ï!�ªî ô�� ï ô ï�î ó ��î?ÿ � î�òK��
�ÿ�ï ô ò ß ï���òK��ò��?ò à�ô òZÿo�ªî
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 ó ��� ß ���/ñ¢ò ô�� � ß ò%� ß ý?�>� ��ß ò ô¹ß>��Þ ÿ�ò3
Xò�î?ÿ�òqî à<óOßwô ��� à�ô ���Qò ß ï���òtï ô�ô ï à&� òZÿ ô�� òZï à&��� ��þÖï�î���7Zï ô � � î ï�ñ
ß­ô ��� à<ô ���Qò L°ô����Öß ò ô�� ï ô ï���ò ß �ªõ 
�ñ ó �°ï�� ô �ªî�þ Þ�� � ô�� ò�ï ßQßp�,à �Õï ô òÊÿ
õOò ô ï:ÿ/ï ô ï ô�� �?òA�-��� ô�ô òqî ô�� ÿ�� ßwá ï�î?ÿ
ô����Aß ò ô�� ï ôÏß ��
�
 � � ô �/î?ÿ ��� ��òZÿ ��� î=
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�ÿ�ï ô ò ß ý
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� � ò%�Qò.ï!�Qò Þ�� ���dõÑï!�¢î ßwô ��� à�ô ���¹ï�ñ à
� ï�î�þpò ß �Qò�*+�������¢î�þ ß ò�*[�/òqî à òZÿ%õOò ô ï:ÿ/ï ô ï���
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� � òÏÿ�ò3
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�ñªòqõdò<î ô ï ô � � î>ý
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ô � � ÿ,ò%
?òqî?ÿ�òqî à �¢ò ß ï!�QòC�ªî?ÿ�ò%
?òqî ÿ�òqî ô4�ZÞ òÊï à&�A�:ô�� ò%�kï�î ÿdï�
�
�ñ óbô�� � �:ô�� ð?ñªò>��ñ �,à�á/ß ïZî?ÿo�ªî?ÿ�����ò à�ô ��ñ �,à�á/ß ý
� � ò§��ñ �,à�á	�<Þ ��ïZþ:õOòqî ô ïZñ¢ñ �,à ï ô � � î à8� ÿ�òV�Qòqõ$ï!�ªî ß �/î à
� ï�î�þpòZÿzö?ò%2 à ò%
 ô°ô�� ï ô ÿ�òqñ¥ï ó òZÿ��-��� ô ò ß ï!��ò§� ô �ªñ���7qòZÿ
ï�î ÿ ô�� �QòqòÏÿ�ò%
?òqî ÿ�òqî à�ó8ßwô ��� à�ô ����ò ß ï!�Qò à8� î ßwô ��� à�ô òZÿ�ý]� � òÏõ$ï!�ªî ß­ô ��� à�ô ����òÖö�ï ß�ßS�,à �¥ï ô òZÿ��-� ô��8ô�� òs�¢î � ÿ�ò
� �K�ªî?ÿ����Qò à�ô ��ñ �,à�á.à8� î ô ï!�ªî��¢î/þ ô�� ò*î�ò%� 
 � �¢î ô ò3�qö ��� ñ¥ÿ ß �?ò Þ�� ��ò�ï�î?ÿ'ï Þ·ô ò%�@�pï�ñ���ò ß³Þ�� � ô�� òA
 � �¢î ô ò%� ï�î?ÿ
ô�� ò!ð?ñªò ß ��7qò$ü Þ�� ��
 � �¢î ô ò%� ß �ªî ô�� ò��¢î � ÿ�ò � î�ñ óI� ý�� � ò �pô�� ò3� ô � �Ìßwô ��� à�ô ����ò ß ï!�QòOï ß�ßS�,à �¥ï ô òZÿ<�-� ô��.ô�� ò
î�ò%�ô��ñ �,à�á ï�î ÿ ô�� òs��ò�ñ¢ò%�pï�î ôkà�ó ñ��ªî?ÿ�ò%�«þ�� � ��
 ��ñ �,à�ál� ö,��ò ß 
?ò à�ô ���Aòqñ ó ý�}kï à&���ZÞ ô�� ò ß ò ßwô ��� à�ô ����ò ßkà�� î ô ï!�¢î ß

 � �ªî ô ò%� ßNô��$ô�� ò �:ô�� ò%� ô � � �ªî � ��ÿ,ò%� ô���ß �ªõ 
�ñ�� Þ·ó 
�� �,à ò ß�ß �¢î�þ�ï Þ·ô ò%�bï ßQßp�,à �Õï ô òZÿ<��ñ �,à�á/ß ï!�Qò��-��� ôQô òqî ô��
ÿ�� ß­á ý

í Þ ï�î9�¢î � ÿ�ò � �§�¢î?ÿ,����ò à�ô ��ñ �,à�á'à�� î ô ï!�ªî��¢î�þ�ïZîÓ��î ß ï Þ ò�
 � �¢î ô ò%�8ü��Ký òÖý¢ö>ïX
 � �¢î ô ò%�K�-� ô�� 
Xò�î?ÿ��¢î/þ.ÿ�ò �

?òqî?ÿ�ò�î à �¢ò ß
� � ß �-��� ôQô òqî ô�� ÿ�� ßwá ö ô�� òV�¢î � õOò�õ � � óOà�� 
 ó ü��KýÝòAý¢ö ô�� ò ßS� ��� à ò�õ�òqõ � � ó!Þ�� � ô�� ò*ÿ�� ß­á �-��� ô ò �
��Þgô�� ò*õ�ò ô ïpÿ�ï ô ïo
 � �ªî ô ò%�@� ßC� �Aò%���-��� ô�ô òqî=�-� ô�� � ô�ßC� ñ¥ÿ=�pï�ñ���òAý§� � ò*î�ò%� �:ïZñ���òA� ßNß­ô �¢ñªñ4
��Qò ß ò�î ô �¢î ô�� ò
ÿ�ò%
?òqî ÿ�òqî à�ó'ßwô ��� à�ô ����òAý n ñ ßS� ö Þ�� �µð ñ¢ò ��ñ �,à�á/ß 
 � �¢î ô òÊÿ ô�� � ó'ô�� ò"�¢î � ÿ�òÖö ô�� òdð?ñ¢ò ß ��7qò�üKï�ñ ßp� 
��Qò ß ò�î ô
�¢î ô�� ò§�¢î � ÿ,ò � � ß õ$ïZî���
��/ñ¥ï ô òZÿ ô�� 
�� �:ô ò à�ô°Þ ��ïZþ:õOòqî ô�ß°ô�� ï ô@� ï%�AòK�?òqòqî.ò%2 ô ò�î?ÿ�òZÿzýsjIò à ï!� ß ò ô�� òV�¢î � ÿ�ò
��ñ �,à�á�<{ß*à�� î ô òqî ô�ß ï!�Qò � � ô�����Þ�� ÿ�ï ô òAöÏï�ñªñÏï àqà ò ß�ß ò ß ü���òÊï:ÿ ß ï�î?ÿ:�-��� ô ò ß
� ï���ò=�ªî � ����� ô òZÿ%ÿ������¢î�þ ô�� òÌÿ,� ß­á
�-��� ô òAý�B � òqî ô�� òtÿ�� ßwá �-��� ô ò à�� õ 
�ñªò ô ò ß ö ô�� òNõ �Aßwô ��
 �®ô���� ÿ�ï ô ò��pïZñ���ò ßFÞ�� � ô�� ò@��ñ �,à�á 
 � �¢î ô ò3� ß ïZî?ÿdð?ñ¢ò
ß ��7qòtï���òV�Qò ß­ô�� �QòZÿ �¢î ô�� òK�ªî � õ�òqõ � � ó*à�� 
 ó ý
B � òqî ï$ÿ�� ßwá �-��� ô ò Þ�� � ô�� ò*î�ò%� ��ñ �,à�á;� � ô�� ò à�ó ñ��ªî?ÿ�ò%�Ïþ�� � ��
O��ñ �,à�á5à�� õ 
/ñ¢ò ô ò ß ö ô�� ò8ï ß�ßS�,à �¥ï ô òZÿ

ÿ�ò%
?òqî ÿ�òqî à�ó�ß­ô ��� à<ô ���Qò@� ß ÿ�ò � ïZñ¢ñ �,à ï ô òÊÿOï�î?ÿ ô�� ò à � �Öß�ßp� ��ò Þ ò%��òqî à ò@
 � �ªî ô ò%� ß �¢î ô�� ò �:ô�� ò%� ßwô ��� à�ô ���Qò ß ï!�Qò
î,��ñ¢ñ���ð?òZÿ�ý nÓÞ·ô ò3��� �pô�� ��ñ �,à�á/ß�� ï%�Aò?�?òqòqîV�-��� ôQô òqî>ö ô�� òIïZñ¢ñ �,à ï ô � � î§�?ò à�� õ�ò ß>ß ï Þ ò°ï�î ÿ ô�� òIõ$ï��¢î ßwô ��� à�ô ���Qò
à ïZî$�?ò�ÿ�ò � ï�ñ¢ñ �,à ï ô òZÿzý
B � òqî'ò%2 ô òqî?ÿ,�¢î�þ�ïdð?ñ¢ò à ï�� ß ò ß ï Þ ��ï�þpõOòqî ô³ô�� �?ò���
�þ��¹ï:ÿ�òÊÿzö^ò%� ô�� ò3� ô�� ïÑñÕï!�Qþ:ò%� Þ ��ïZþ:õOò�î ô@� � ô��

ï Þ ��ñªñ4�/ñ �,à�á ö ô�� ò � î � ÿ�� ß­á ñ �,à ï ô � � î à
� ïZî�þ:ò ß � Þkô�� òV
���ò%�,� � � ßgÞ �¹ï�þpõOòqî ôNà ïZîÌî �pôtß �ªõ 
�ñ ó �?ò�ò%2 ô òqî ÿ�òZÿzý
íKî ô�� � ßNà ï ß òÖö ô�� ò � ñÕÿ Þ ��ï�þpõOòqî ô õ�� ß­ô �?ò8ÿ�ò � ï�ñªñ �,à ï ô òZÿzö¢��� ô î �pô ��î ô �ªñFï Þ·ô ò%� ô�� ò � î � ÿ�� ßwá 
 � �ªî ô ò%� � ï ß
�?òqòqîO��
�ÿ�ï ô òZÿ�ü�� � � à
� �ªî�� � ñ��Aò ß°ô�� ò�ÿ�ò%
?òqî ÿ�òqî à �ªò ß ï!� � �Aò � ý8í ÞVô�� ò � ñÕÿ Þ �¹ï�þ:õ�òqî ô � ß î�ò3�°ñ ó ïZñ¢ñ �,à ï ô òZÿ
ï�î ÿ � ï ß 
?òqî?ÿ,�¢î�þ8ÿ�ò3
Xò�î?ÿ�òqî à �¢ò ß ö�� ô ïZî?ÿ ô�� òtï ß�ßp�,à �¥ï ô òZÿ.ÿ�ò%
?òqî ÿ�òqî à�ó�ß­ô ��� à<ô ���Qò ß°à ï�î;�?ò�ÿ,ò � ïZñ¢ñ �,à ï ô òZÿ
�¢õ�õOòZÿ��ªï ô òqñ ó ýyq ô�� ò%���-� ß òAö ô�� ò � ñÕÿ Þ ��ï�þpõOòqî ô � ß!Þ ��ò�òZÿ:�¢î ô�� ò��?ï à�á þ�� � ��î?ÿ�ï Þ·ô ò%� ô�� ò.î�ò%� 
 � �¢î ô ò3�
��òÊï à&� ò ß ÿ�� ß­á ü � �-�?ò à�� õOò ß6� � ßp� ñ¢ò ô òAö?ÿ���ò ô�� ÿ�ò � ïZñ¢ñ �,à ï ô � � î � ý
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ç ò � ï�ñªñ �,à ï ô òZÿ=��ñ �,à�á/ß õ�� ßwô î �:ô �?òV�Qò%� ß òZÿ=�?ò Þ�� �QòV
��Qò%��� � � ßs� î � ÿ�� ßwá 
 � �ªî ô ò%� ß°ô���ô�� òqõ � ï%�Aò§�Xò�òqî
��ò ß ò ô ý<B'ò$ï à&� �¢ò3�Aò ô�� � ß � ó î �:ô ÿ�ò � ï�ñ¢ñ �,à ï ô �¢î�þ ô�� òX��ñ �,à�á ü��KýÝòAý¢ö ß ò ôQô �ªî�þ ô�� ò"��� ô¹ß �¢î ô�� òX�¢î � õOòqõ � � ó
Þ ��ò�ò ß 
?ï à òtõ$ï�
 � ��î ô �¢ñ ô�� ò@��ò ß ò ô ��ñ �,à�á 
 � �¢î ô ò3�>��òÊï à&� ò ßIßwô ï���ñ¢ò ßwô�� ��ï�þpòAý?B � òqî ��ñ �,à�á ÿ�ò � ï�ñªñ �,à ï ô � � î � ß
��ò�*[������òZÿ�ö ô�� ò4ï!
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����Õï ô òa
 � �¢î ô ò%� ß ï!��òÏî,��ñ¢ñ���ð?òZÿOü����Õïtï�ÿ�òqñÕï ó òZÿV�-��� ô ò � ïZî?ÿ ô�� ò � ñ¥ÿ�ð?ñ¢ò ß ��7qòAö:î/ò%��ð?ñ¢ò
ß ��7qò4ï�î?ÿ � ñÕÿ���ñ �,à�á 
 � �ªî ô ò%�>�pïZñ���ò ß ï!�Qò@
�ñ¥ï à òZÿ��ªî$ï�ÿ,ò%
?òqî?ÿ�òqî à�ó8ß­ô ��� à�ô ����ò ï ß�ßS�,à �¥ï ô òZÿ �-� ô��Oô�� ò@�¢î � ÿ�ò
� �s�¢î ÿ����Qò à�ô �/ñ �,à�á ý NC� � ��� � ßS� ñªò ô ò�ÿ�ò%
?òqî?ÿ�ò�î à�ó�ß­ô ��� à�ô ����ò ßIÞ�� �-�Qò à òqî ô ï�ñªñ �,à ï ô � � î ß ï!�Qò�ÿ,ò � ïZñ¢ñ �,à ï ô òZÿÌï ô
ô�� � ß 
 � �¢î ô ý('V Ñ� � òA��ñ �,à�á 
 � �¢î ô ò%� ß ï!�Qò ô�� òqî=�Qò ß ò ô �¢î ô�� ò§�¢î � õOòqõ � � ó õOò ô ï:ÿ�ï ô ï,ý n°Þ·ô ò%� ô�� ò�õ � ÿ,��ð?òZÿ
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� � òs��ñ �,à�á/ß ï!�Qò Þ �QòqòZÿA� ó*ô�� ò ß­ó î à ò%�Vÿ�ïZòqõ � îA� ß �¢î/þ ô�� ò ß ï�õOò à�� ÿ�òs
?ï ô��?ß ï ßkô�� ò � ���¢þ#�¢î?ïZñ ð ñ¢ò ß­ó/ß­ô ò�õ.ý
n î ó ÿ�ò3
Xò�î?ÿ�òqî à<óÌßwô ��� à�ô ����ò ß ï ßQßp�,à �Õï ô òZÿÄ�-� ô��'ô�� ò8ÿ,ò � ïZñ¢ñ �,à ï ô òZÿÄ�/ñ �,à�á�ß ï���ò à�� î ß �Õÿ�ò%�QòZÿ à�� õ"
�ñ¢ò ô ò*ï ô
ô�� � ß 
 � �ªî ô ïZî?ÿ � ïZî?ÿ�ñªòZÿÌï àqà�� �¹ÿ��¢î/þ:ñ óq£ ô�� � ß ï!
�
�ñ��ªò ß>� î�ñ óOô�� ÿ�����ò à�ô�� � ó ��ñ �,à�á/ß ü ß òqòK�?òqñ � � � ý

¤�s�ETrG��û^ûTsÇù¥s�ËIE

B � òqî5ï:ÿ�ÿ��ªî�þ�ïdÿ�����ò à<ô�� � ó òqî ô � ó ö ô�� òOü�
 �Öß�ß ����ñ ó î/ò%� � �ªî � ÿ�òAö��-� ô�� � ô�ß �ªî à �QòqõOòqî ô òZÿ*ñ��ªî á�à�� ��î ô 'S' ö
õ�� ß­ô �?ò@�-��� ô�ô òqî ô�� ÿ�� ßwá �?ò Þ�� �Qò ô�� ò ÿ����Qò à�ô�� � ó òqî ô � ó¦< ß 
 � �¢î ô ò%� ô�� � ô ý('S. n ñ ßS� ö+� Þ ô�� òC�ªî � ÿ�òK� ß î�ò3��ï�î?ÿ
ô�� ò � î � ÿ,� ß­á�Þ �Qòqò-�¢î � ÿ�òNõ$ï�
 ß ï!�QòC�?ò%�ªî�þK
�� �pô ò à<ô òZÿzö ô�� ò Þ ��òqòs�¢î � ÿ�ò³õÑï!
 Þ � � õ1� � � à&�*ô�� òC�ªî � ÿ�òs� ß ï�ñªñ ���
à ï ô òZÿOõ�� ß­ô �Xò§�-��� ô�ô ò�î ô�� ÿ,� ß­á �Xò Þ�� ��ò ô�� òtî�ò3�®
 � �ªî ô ò%�qýR� � ò ß ò ô � � ÿ,ò%
?òqî?ÿ�òqî à �¢ò ß ï!�QòV�¢î ÿ�ò%
?òqî?ÿ�ò�î ô
��Þ òÊï à&�A�:ô�� ò%�qý?� � òÏñ��ªî á ïpÿ�ÿ�� ô � � î à�� ÿ�òs��ò�õ$ï!�ªî ß ��î à&� ïZî�þ:òZÿ�önò32 à ò3
 ôFô�� ï ô ÿ,òqñ¥ï ó òZÿV�-��� ô ò ß ï���òs� ô �ªñ���7qòZÿ
ï�î ÿ ô�� ��òqò8ü � � ô � ��� ÿ�ò%
?òqî ÿ�òqî à�ó�ß­ô ��� à<ô ���Qò ß ï���ò à�� î ß­ô ��� à�ô òZÿzýR� � òtõ$ï!�ªî ß­ô ��� à<ô ���QòAö?ï ßQßp�,à �Õï ô òÊÿ$�-� ô��
ô�� òNÿ�����ò à<ô�� � ó ��ñ �,à�á�à�� î ô ï��¢î��ªî�þ ô�� ò°î/ò%��òqî ô � ó ö ��� ñ¥ÿ ßFô�� ò ��Êmß ò ô?��Þmô�� òÏî�ò%��òqî ô � ó ï�î?ÿ ô�� ò³î�ò3�:�¢î � ÿ�ò

 � �ªî ô ò%�@�pï�ñ���ò$ü ô�� ò � ñÕÿÄ�pï�ñ���òA� ßaN \y��� � ý�� � ò �pô�� ò3� ô � �$ßwô ��� à�ô ���Qò ß ï!�Qò8ï ß�ßS�,à �¥ï ô òZÿ��-� ô��Åô�� òA�¢î � ÿ�ò
ï�î ÿ ô�� ò-�Qòqñ¢ò3�:ïZî ôVà�ó ñ��ªî?ÿ�ò%� þ�� � ��
"��ñ �,à�á ü�� Þzô�� òs�¢î � ÿ�òs� ß î�ò3� � ö+��ò ß 
?ò à�ô ���Aòqñ ó ý�}kï à&���ZÞ>ô�� ò ß ò ß­ô ��� à�ô ����ò ß
à�� î ô ï!�¢î ß 
 � �ªî ô ò%� ß�ô��Åô�� ò �:ô�� ò%� ô � � �ªî � ��ÿ,ò%� ô��%ß �¢õ 
/ñ�� Þ·ó 
�� �,à ò ß�ß �¢î�þ�ï Þ·ô ò%�8ï ß�ßS�,à �¥ï ô òZÿ:��ñ �,à�á/ß ï!�Qò
�-��� ô�ô òqî ô�� ÿ�� ß­á ý

í Þ ïtÿ����Qò à�ô�� � ó ��ñ �,à�á �-� ô�� ïZî��/î ß ï Þ òNòqî ô � ó � ß �-��� ô�ô òqî ô�� ÿ�� ßwá ö ô�� òs�¢î � õOòqõ � � ótà8� 
 óA��Þ>ô�� òÏòqî ô � ó�<{ß
�¢î � ÿ�òC
 � �¢î ô ò%�]� ß î���ñªñ��¨ð?òZÿ ô�� �¢î?ÿ�� à ï ô ò ô�� ï ôkô�� ò³òqî ô � ó � ß �¢î,�pï�ñ��Õÿzý�� � òÏî�ò%�:�pïZñ���ò-� ßFß­ô �¢ñ¢ñ�
���ò ß òqî ô �¢î ô�� ò
ÿ�ò%
?òqî ÿ�òqî à�ó8ßwô ��� à�ô ����òAý?jIò à ï!� ß ò ô�� òNÿ,����ò à�ô�� � ó ��ñ �,à�á�<{ßkà�� î ô òqî ô¹ß ï���ò � � ô�����Þ�� ÿ�ï ô òAö?ï�ñªñ�ï àqà ò ß�ß ò ß ü��QòZï:ÿ ß
ï�î ÿ��-��� ô ò ß&� ï���òs�¢î � ����� ô òZÿ*ÿ������¢î/þ ô�� òNÿ�� ß­á �-��� ô òÖý nÓÞ·ô ò%� ô�� òNÿ�� ß­á �-��� ô ò à�� õ 
�ñ¢ò ô ò ß ö ô�� ò à8� ���Qò à�ô �¢î � ÿ�ò
î,��õ��?ò%�¢� ß ��ò ßwô�� ��òZÿzý¥Ã � �Iò%�Aò3�qö ô�� ò°ÿ,����ò à�ô�� � ó òqî ô � ó � ß î �:ô ��
�ÿ�ï ô òZÿ*ïZî?ÿµõÑï!� á òÊÿNï ß ÿ,��� ôwó �ªõOõ8òZÿ��¥ï ô òqñ ó
ï Þ·ô ò%� ô�� ò*ÿ�� ß­á �-��� ô ò à�� õ 
�ñªò ô ò ß ýse³ï ô�� ò%��ö	�Vò8ï�ñªñ � � ô�� ò ß­ó/ß­ô ò�õ ô�� ��ò3� ß ò ô�� ò à ï à
� òV��ñ �,à�á ü��KýÝòAý¢ö w k

?ïZþ:ò � ö]� Þ î/ò à ò ßQß ï!� ó ý B � òqî ô�� ò$ÿ����Qò à�ô�� � ó �/ñ �,à�á � ß î�ò%2 ô ï àqà ò ß�ß òÊÿzö ô�� òOÿ,����ò à�ô�� � ó òqî ô � ó � ß ��� � ��þ �,ô
��
 �·ô��#� ÿ/ï ô òÖý.í Þ°ô�� ò���ñ �,à�á � ß î �pô ï àqà ò ßQß òZÿ��-� ô�� �¢îôM%Ð ß ò à�� î ÿ ß ö ô�� ò ßwó î à ò%�bÿ�ï�ò�õ � îO��
�ÿ�ï ô ò ß � ô ï�î?ÿ
�¢î�� ô �Õï ô ò ß ïZî.ï ßwó î à
� � � î � � ß �-��� ô òAý
B � òqî�ï�ÿ�� ßwá �-��� ô ò Þ�� � ô�� ò��¢î � ÿ�ò � � ô�� ò à�ó ñ��¢î?ÿ,ò%�Nþ�� � ��
5��ñ �,à�á'à8� õ 
�ñªò ô ò ß ö ô�� òOï ß�ßS�,à �¥ï ô òZÿ�ÿ�ò �


?òqî?ÿ�ò�î à�ó'ß­ô ��� à<ô ���Qò � ß ÿ�ò � ï�ñªñ �,à ï ô òZÿ ï�î?ÿ ô�� ò à � �Öß�ßp� ��ò Þ ò%��òqî à ò�
 � �¢î ô ò%� ß �¢î ô�� ò �:ô�� ò%� ß­ô ��� à�ô ����ò ß ï!�Qò
î,��ñ¢ñ���ð?òZÿ�ý n°Þ·ô ò%�]� �pô�� ��ñ �,à�á�ß]� ï%�Aò-�?òqòqî��-��� ô�ô òqî$ü � ��§S� ß­ôkô�� ò-�ªî � ÿ�òAö+� Þ � ô �°ï ß î �pô î�ò3� � ö ô�� òNÿ,����ò à�ô�� � ó
òqî ô � ó � ß°ß ï Þ ò�ï�î?ÿ ô�� òtõ$ï��¢î ßwô ��� à�ô ����ò à ï�îX�?òbÿ�ò � ï�ñªñ �,à ï ô òZÿzý
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B � òqî;��òqõ � �,�¢î�þ8ï8ÿ�����ò à�ô�� � ó òqî ô � ó ö ô�� ò � î � ÿ�� ßwá òqî ô � ó¦< ß �¢î � ÿ,òV
 � �ªî ô ò%�³õ�� ßwô �Xòbî��/ñ¢ñ��¨ð?òZÿ �?ò Þ�� �Qò
ô�� ò à�� ����ò ß 
 � î?ÿ��ªî�þ��¢î � ÿ�ò <{ß ñ��ªî á8à�� ��î ô � ß ÿ�ò à ��òqõ�òqî ô òZÿOü�
 �Öß�ß ����ñ ó8Þ ��òqò%�ªî�þ ô�� ò@�ªî � ÿ�ò Þ�� �-�Qò%� ß ò � ý/' Z B'ò
zUz {�|��]À � µ8�A¶&º�»�µ?� }/�#�%}��S�
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ï à&� �ªò%�Aò ô�� � ß � ó î �pô ÿ�ò à �QòqõOòqî ô �ªî�þ ô�� òV�ªî � õOòqõ � � ó �¢î � ÿ�ò <{ß ñ��ªî á�à�� �/î ô ��î ô �¢ñ ï Þ·ô ò%� ô�� òV��ò ß ò ô 
 � �¢î ô ò3�
��òÊï à&� ò ß�ßwô ï���ñ¢ò ß­ô�� �¹ï�þ:òÖý Y+� ö ô�� ��òqõ � �Aò8ïÌñ��¢î á ö ô�� ò �¢î � õOòqõ � � ó ÿ����Qò à�ô�� � ó òqî ô � ó � ß î���ñªñ��¨ð?òZÿ����Õï.ï
ÿ�òqñÕï ó òZÿÓ�-��� ô òAý�í Þtô�� ò'ÿ�����ò à�ô�� � ó òqî ô � ó �gï ß �Qò à òqî ô ñ ó ï:ÿ�ÿ,òZÿ\ï�î?ÿ:� ß î �pôOó ò ô�ß ï Þ òÖö ô�� ò.ï ß�ßS�,à �¥ï ô òZÿ
ÿ�ò%
?òqî ÿ�òqî à�ó�ß­ô ��� à<ô ���Qò ß ï���òK��òqõ � �AòÊÿ*ï�î?ÿ ô�� ò@�¢î � ÿ,ò <{ß ñ��¢î á8à�� ��î ô � ß ÿ,ò à ��ò�õOòqî ô òZÿ8ü ô�� òNñ��ªî á ïpÿ�ÿ�� ô � � î
ï�î ÿ$��ò�õ � �:ïZñ � ï%�Aò@�?òqòqî ß ò%����� à òZÿA�-� ô�� î � ÿ�� ß­á �-��� ô ò ß�­ � ý?q ô�� ò%���-� ß òAö ô�� òK�¢î � ÿ�òtî,��õ��Xò3�6� ß 
�ñ¥ï à òZÿ��ªî
ï8ÿ�ò%
?òqî?ÿ�ò�î à�ó$ßwô ��� à�ô ���Qò*ï ß�ßp�,à �¥ï ô òZÿ=�-� ô��Ìô�� òbÿ����Qò à�ô�� � ó �/ñ �,à�á ý n°Þ·ô ò%� ô�� òbÿ����Qò à�ô�� � ó �/ñ �,à�á � ï ß �Xò�òqî
�-��� ô�ô òqî ô�� ÿ,� ß­á ü � ���?ò à8� õOò ß-� � ßp� ñªò ô òÖö>ÿ���ò ô�� ÿ,ò � ïZñ¢ñ �,à ï ô � � î � ö ô�� ò8ÿ�ò%
?òqî?ÿ,òqî à�ó5ß­ô ��� à�ô ����òA� ß ï:ÿ�ÿ,òZÿ
ô��*ô�� òK� � � á � ô ò�õÏ*+��ò%��òÖý?� � òtñ��¢î áOà�� ��î ô � ß ÿ�ò à ��òqõOò�î ô òqÿA� ó8ô�� ò ßwó î à ò%�°ÿ/ï�òqõ � î�ï�î?ÿzö�� Þ � ô �?ò à�� õOò ß
7qò%� � ö ô�� ò��¢î � ÿ,ò$ï�î?ÿO� ô�ß ��ñ �,à�á/ß ï!�Qò$ÿ�ò � ï�ñªñ �,à ï ô òZÿ�� ß �ªî�þ ô�� ò ß ï�õOò à�� ÿ,ò$ï ßtô�� ò � ���¢þ��ªî?ï�ñkð?ñ¢ò ßwó�ßwô òqõ
ü®õ � ÿ���ð?òÊÿOï ß ÿ�ò ßQà �����XòÊÿiï�� � �Aò � ý

¨Oø,E^ú/÷�ø

04�¢ñªò]��ò�î?ï�õ �ªî�þ-� ß � ß �?ïZñ¢ñ ó 
Xò3� Þ�� �QõOòZÿ@�¢î ô � �4ß­ô ò%
 ß � ó ðI� ßwô ï:ÿ�ÿ��ªî�þ ô�� òkî�ò%�%ñ��¢î á ï�î?ÿ ô�� ò�îV��ò�õ � ���ªî�þ
ô�� ò � ñ¥ÿ*ñ��¢î á ý¥� � 
��Qò%�Aòqî ô ñ �Öß�ß6�ZÞ ð?ñªòC�Õÿ�òqî ô �¨ð à ï ô � � î>ö ô�� ò³î�ò3��ñ��ªî á õ�� ßwô �?òC�-��� ô�ô òqî ô�� ÿ�� ßwá �?ò Þ�� �Qò ô�� ò
� ñÕÿÌñ��ªî á � ß �Qòqõ � �AòZÿzý@qs���@�ªõ 
�ñ¢ò�õdò<î ô ï ô � � îÑÿ � ò ß î �:ôbà ������ò�î ô ñ ó 
�� � ���Õÿ�ò ô�� � ß þ#�?ï!�¹ï�î ô òqòÖö�
�� �pô ò à<ô �¢î/þ
ô�� òOñ��ªî á ïpÿ�ÿ�� ô � � î�ï�î?ÿÓ��ò�õ � �:ïZñVï ß ÿ�ò ß�à �����?òZÿ ï!� � �Aò$��� ô î �:ô*ô�� ò ß ò�*[�/òqî à �ªî�þ=�?ò ô �Iò�òqî ô�� òqõ.ý=B'ò
�?òqñ��ªò%�Aò ô�� ï ô õ �Öß­ô ��òqî?ïZõOò � 
Xò3��ï ô � � î ß³à ï�î=�?òK
�� �:ô ò à�ô òZÿ �-� ô���ßp�ZÞ·ô ��
�ÿ�ï ô ò ß � ó � ß �¢î�þ���òÊÿ ��� ��î?ÿ � � î
ô�� ò ��òqõ � �AòÊÿ.ÿ����Qò à�ô�� � ó òqî ô � ó ïZî?ÿ 
���ò%�Aòqî ô �ªî�þ ô�� ò8ð?ñ¢ò ßwó�ßwô òqõ Þ � � õÒ�Qò%� ß �¢î�þ�� ô ý�Ã � �Vò%�Aò%�qö�� ô õ$ï ó
�?òOî�ò à ò ß�ß ï!� ó'ô�� ��ò%�Aò3� ôNô��'ß­ó î à
� � � î � � ß �-��� ô ò ß �ªî ßS� õOò à ï ß ò ß ö ß � à&� ï ß � � òqî ô�� ò � ñ¥ÿ ÿ����Qò à�ô�� � ó � ß
��ò�õ � �AòZÿ��¢õ�õdòZÿ,�¥ï ô òqñ ó ï Þ·ô ò%�C�Qòqî?ïZõ �¢î�þ ô�� òµð ñ¢òAý ç ò ô ò à<ô �¢î/þ8ï�î?ÿ � ïZî?ÿ�ñ��¢î�þ�ï�ñªñ ß � à
� 
 �AßQß �����¢ñ�� ô �ªò ß õ$ï ó
�?ò à�� õ 
/ñ¢ò%2�ý>í ô � ß � � � ô�� î �:ô �ªî�þ ô�� ï ô°ô�� ò à ������òqî ôt��±�� �¢õ 
/ñ¢òqõOò<î ô ï ô � � î8ÿ � ò ß î �pô 
�� � �,�¥ÿ�òÏþ��?ï���ïZî ô òqò ß
Þ�� � ô�� ò��Qòqî?ïZõOò � 
?ò%��ï ô � � î>ý

'�(B® D%���k�|F°¯±-^� 1T² - � ,

� � ò8õ � ÿ���ð à ï ô � � î ß ÿ,ò ß�à �����?òZÿ'ï!� � �Aòdþ#�?ï!�¹ï�î ô òqò ô�� ï ô�ô�� ò � î � ÿ�� ßwá'à�� 
��¢ò ß@��Þ �ªî � ÿ�ò ß öFÿ�����ò à<ô�� ���¢ò ß ö
�¢î ÿ����Qò à�ô ��ñ �,à�á�ß ïZî?ÿ Þ �Qòqò ß 
 ï à ò � �¢î � ÿ,ò ��� ô õ$ï!
 ß ï���ò�ï�ñ��gï ó�ßtß ï Þ ò Þ�� �K�¢õOõOò�ÿ��Õï ô òK� ß òOï Þ·ô ò%� ï ßwó�ßwô òqõ
Þ ï!�ªñ����QòÌü �:ô�� ò%� ô�� ï�î�ïÌõOòZÿ��Õï Þ ï!�ªñ����Qò � ýÑÃ � �Iò%�Aò%��ö ô�� ò ��±�� ð?ñªò ß­ó/ß­ô òqõ õÑï!�¢î ô ï��¢î ß ïÌî,��õ��Xò3� ��ÞÏÞ ��òqò
��ñ �,à�áI� �ªî � ÿ�ò à8� ��î ô�ß ü®òAýÝþ�ýªö!
?ò%� à�ó ñ��¢î ÿ�ò%�>þ�� � ��
mö�
?ò%� à<ó ñ��¢î?ÿ�ò3� ï�î?ÿV
?ò%��³ à�ó ñ��¢î?ÿ,ò%�qö%� �:ô ï ô � � î?ïZñ�
 �Aß � ô � � îµ´

?ï���� � �¢î5ï:ÿ�ÿ,� ô � � î ô��Oô�� ò§��� ô õ$ï!
 ß ý-� � ò ß ò à8� ��î ô�ß ï���ò§� ß òZÿ ô�� �ªõ 
�� � �Aò4ò�� à �¢òqî à<ó ÿ������¢î/þ$ï�ñªñ �,à ï ô � � î
ï�î ÿ ô�� ò%�Qò Þ�� �Qò³õ�� ß­ô �?ò à�� î ß � ß­ô òqî ô �-� ô��Oô�� òa��� ô õ$ï!
 ß^Þ�� � ß ï Þ ò � 
?ò%��ï ô � � î>ýR\³î Þ�� � ô �/î?ï ô òqñ ó ö ô�� ò%��òa� ß î �
à�� î��Aòqî��¢òqî ô �gï ótô�� þ��?ï���ïZî ô òqò>
 �Aßwô���à ��ï ßp��à�� î ß � ßwô òqî à�óK��Þ�ô�� ò ß ò à8� ��î ô�ß ���Õï ß �¢õ 
/ñ¢ò]��
�ÿ�ï ô ò ß ò�*[�/òqî à �ªî�þ�ö
Þ�� � ô � � õ$ï��¢î �QòZï ßS� î ß8L

Mpýs� � ò à�� ��î ô¹ß ï�î?ÿ���� ô õ$ï!
 ßFÞ�� �gï ß �¢î/þ:ñ¢ò à�ó ñ��¢î?ÿ,ò%�Fþ�� � ��
;��ñ �,à�á ï!�Qòtî �:ô �ªî ô�� ò ß ï�õ�òNÿ�� ß­á�ß ò à<ô�� ��ýkí Þ
ï*ÿ�� ßwá �-��� ô òK� ß �ªî ô ò%������
 ô òÊÿÌü®òAýÝþ�ýªö�� ó ïA
 � �Vò%� Þ ï!�ªñ����Qò � ö � î�òtõ$ï ó �?ò��-��� ôQô òqî�ï�î ÿ ô�� ò �pô�� ò3�°î �:ô ý

P,ý Y+� õOò ��Þkô�� ò à�� ��î ô�ß ï���òtñ �,à ï ô òÊÿ$�¢î ô�� ò ß ��
Xò3����ñ �,à�á ��ï ô�� ò3� ô�� ïZî ô�� ò à<ó ñ��¢î?ÿ�ò3�Ôþ#� � ��
���ñ �,à�á ý

Y+� ö�� � òqîOõ � ��î ô �¢î/þ*ïµð?ñªò ß­ó/ß­ô òqõ ô�� ï ô � � ��ñÕÿ ��ò�*+�����QòNïZî ±�����© �-� ô���� � ôÏßS��Þ·ô ��
�ÿ�ï ô ò ß ö	�Vò@��ò à8� õ 
�� ô ò
ô�� ò�ï���2,�¢ñ��Õï!� óOà�� ��î ô�ßIÞ � � õ ô�� òK��� ô õ$ï�
 ß ý

M v
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íKî ô�� � ßdß ò à�ô � � î>ö-�Vò à�� õ 
 ï!��ò ô�� ò�
?ò%� Þ�� ��õ$ïZî à ò �ZÞbô�� �Qòqòið?ñªò ßwó�ßwô òqõ �¢õ 
�ñªòqõ8òqî ô ï ô � � î ß ý nNß ï
�?ï ß òqñ��¢î�ò�üKï�î ÿÅïdþ � ïZñ � ö��VòA�¢þ:î � ��ò � ��ÿ�ò3���¢î/þ à�� î ß­ô �¹ï!�ªî ô¹ß ü Ø ¤¹¸°�Q¦��<��� ïZî?ÿÄ� ß ò8ÿ�òqñÕï ó òZÿ$�-��� ô ò ßgÞ�� ��ïZñ¢ñ
õOò ô ï:ÿ�ï ô ï@��
�ÿ�ï ô ò ß ý>� � � ß �?ï ß òqñ��¢î�ò � ï ßÔô�� ò ß ïZõOòC
?ò%� Þ�� �Qõ$ï�î à òÏï�î?ÿOñ¥ï à�á§��Þ ��òqñ��¥ï����¢ñ�� ôwó ï ßÔô�� ò4ÿ�òqñ¥ï ó òZÿ
õ � ��î ôR� 
 ô � � î.ÿ�ò ßQà �����?òZÿ �¢î9crq �,ô ï t#v iKýkí ô � ß ï�ñ ßp� �Aò%� ó�ß �ªõ �¢ñÕï!� ô��*ô�� ò�õOòqõ � � ó,� �?ï ß òZÿ�ð ñ¢ò ß­ó/ß­ô òqõËÿ�ò �
ß�à �����?òZÿA�¢îÑcfk à3l � ß � à�á�t�v i�ý]� � ò»º ¤A��¬��<�,�K£¥¤A���:� �¢õ 
/ñ¢òqõ8ò�î ô ï ô � � îV� ß ò ßkß­ó î à&� � � î � � ß �-��� ô ò ßFô���ß ò�*+��òqî à ò
õOò ô ï:ÿ�ï ô ïV��
�ÿ�ï ô ò ß ý>� � ò �X¤­±<��×?²�¦A�:�w��� õOòZï ß ���QòqõOòqî ô�ß ï!�Qò Þ � � õ � ��� à ������òqî ô �ªõ 
�ñ¢ò�õdòqî ô ï ô � � îmý

�y(*) ¼¾½ un-^�8CO/7-0Hk�/�a¿$�Àuyu4�Ô�/�¡�={Ï�

n ñ¢ñ/ò%2�
?ò%���¢õOò�î ô¹ß �Vò%��ò-
?ò%� Þ�� ��õ�òZÿ � î$ïZî N ÆReÎT�m+T�T,ö � ï%�,�¢î�þ�ïKT�T�k�Ãs7NíKî ô òqñIh v m�h�ÔV
�� �,à ò ß�ßS� �gï�î?ÿ
m+hKk�j ��Þ õ$ï!�ªî�õOò�õ � � ó ü�m#mVk�j Þ�� � ß­ó/ß­ô òqõ � ß òNïZî?ÿAmVk�j Þ�� �Iï ô ��ï à ò-��� Ê ò%� � ý]� � òaÃy9ÓÆRP!m#m�gtÿ,� ß­á
ÿ������Aò-� ß òZÿ��¢î ô�� òÏò%2,
Xò3���¢õ�òqî ô¹ß � ß ï � �¢þ � 
?ò%� Þ�� ��õ$ïZî à òAö+T,ý/Ð � �ªî à
� ö	MVxaj Y Æ Y í ß­ô�� ��ïZþ:òbÿ�ò%�,� à ò§cfÃy9 t P�iKý
� � ò ßQà
� òÊÿ���ñ��ªî�þ à�� ÿ,òA�¢î ô�� ò8ÿ�ò%�,� à ò�ÿ������Aò%� à8� õ����¢î�ò ß°ß ò�*+��òqî ô �Õï�ñ���ò�*+��ò ßwô�ß ömï�î?ÿ ô�� ò8ÿ,� ß­á 
���ò Þ ò ô�à&� ò ß
ß ò�*[��ò�î ô �¥ï�ñªñ ó �ªî ô�� � ô�ß>� î � � � ï!�¹ÿ à ï à&� òAý>Æ � õOõ$ï�î ÿ *[�/ò%��ò%�ªî�þ*ï ô³ô�� òbÿ�� ßwá � ß î �pô � ô �ªñ���7qòZÿzý
BÅò����/î%ïZñ¢ñFò%2,
?ò%���ªõOòqî ô�ß �-� ô��.ô�� òdî�ò ô � � � á ÿ�� ß�à�� î�î�ò à�ô òZÿ.ï�î ÿÄ�-� ô�� î �X�:ô�� ò%�tî � î � ò ßQß òqî ô �Õï�ñVï à��

ô ����� ôwó ýÓBÅò � � ô ï��¢î � ���8õOòZï ß ����ò�õOòqî ô ÿ/ï ô ï Þ � � õ ô � �'ßp� ��� à ò ß ýÎ� � òÑ\ N íU^ ��£¥´d� � ô �¢ñ�� ôwó 
�� � ���Õÿ�ò ß
ô��pô ïZñNò%2,ò à � ô � � î ô �ªõOò ß ï�î?ÿ®Æ�9?\ ô �¢õ�ò ß ýWBÅò � ï%�Aò'ï�ñ ßS� �¢î ß­ô ����õOòqî ô òÊÿ ô�� ò'ÿ�ò%�,� à ò.ÿ������Aò%� ô���à8� ñ �
ñ¢ò à�ô í � q ô ��ï à ò ß ö��¢î à ñ��?ÿ��ªî�þ�
Xò3� � ��ò�*+��ò ßwô *+��ò%��ò�ï�î?ÿ ß ò%���,� à ò*ÿ�òqñÕï ó�ß ý@� � ò ô ��ï à ò ß ï���ò à�� ñ¢ñªò à�ô òÊÿÅ�ªî ô�� ò
m;k�j ô ��ï à ò���� Ê ò%�tõOòqî ô � � î�òZÿ�ï!� � �AòOïZî?ÿ à�� 
��ªòZÿ ô�� ï ß ò%
?ï���ï ô ò�ÿ�� ßwá ï Þ·ô ò3�NòZï à&� ò%2�
?ò%���¢õOò�î ô ýK� � ò
ô �ªõ �¢î/þV��ò ßp� ñ�� ô � � î;� ß ï!
�
�� � 2��ªõ$ï ô òqñ ó h!m v î?ï�î �Aß ò à�� î?ÿ ß ö>ïZî?ÿ ô�� ò ô �¹ï à �ªî�þOïZñ ô ò%� ß 
?ò%� Þ�� ��õ$ïZî à òK� ó ñ¢ò ßQß
ô�� ï�î v ý v M�
?ò%� à òqî ô üKï ß�ß ��õ �¢î/þ ô�� ï ô³ô�� ò ô ��ï à òK��� Ê ò%� à�� ��ñ¥ÿOî �pô �?ò �:ô�� ò%���-� ß òK� ß òZÿ � ý

�y(BA Á ->���axN�F�/�ÃÂGFÏ� 1 {�I�F�u&{°�

04�¢þ#����òaT à8� õ 
?ï���ò ß ô�� òÏõOò ô ï:ÿ�ï ô ï@��
�ÿ�ï ô ò ô�� � � �/þ � 
�� ôÏß ��
�
 � � ô òÊÿ�� ó*ô�� ò ô�� �QòqòC�ªõ 
�ñªòqõdò�î ô ï ô � � î ß
ï ß ï Þ ��î à<ô � � î �ZÞ°ô�� ò*î��/õ��?ò%� ��ÞÓà�� î à �����Qòqî ô»! � ß ò%� ß ýK"k}kï à&�À! � ß ò%��" � � � á�ß �ªî'ï ß ò%
?ï���ï ô òOÿ,����ò à�ô�� � ó ý
nNß ïX��ò ß ��ñ ô ö à �QòZï ô ò ô�� � � ��þ � 
�� ô �¢õ 
�� � �Aò ß �-� ô��Åô�� ò*î��/õ��?ò%� ��ÞÄ! � ß ò%� ß "$�?ò à ï�� ß ò8ñ¢ò ßQß Æ�9?\ ô �¢õOòK� ß
ß 
?òqî ôVà
� ò à�á �¢î/þ ô�� òÏÿ,����ò à�ô�� � ó8à�� î ô òqî ô¹ßÉÞ�� �Vî?ï�õ�ò à�� î?�I� à<ô�ß ý Y �¢õ �ªñ¥ï!���?ò � ï%�,� � �?� ß�� � ß ò3���AòZÿ Þ�� �>��ò�õ � �Aò
ô�� � � �/þ � 
�� ô ý Øt¤Å¸°��¦���� ï�î ÿ ��¤­±<�'×?²�¦A�:�w��� � �:ô��®� � ô 
?ò%� Þ�� ��õ ô�� ò à�� î��Aòqî ô � � î?ïZñ@�¢õ"
�ñ¢òqõ8ò<î ô ï ô � � î>ö
ï�î ÿ ô�� ò5ÿ�� Ê ò%�Qòqî à ò ß �ªî à �QòZï ß ò=�-� ô���ô�� ò$ñ¢ò%�Aòqñ �ZÞbà�� î à ������òqî à<ó ï ß 
?ò%� Þ�� �Qõ$ï�î à ò$�?ò à8� õOò ß ñªò ß�ß Æ�9?\
� � ��î ÿ�ïZî?ÿÅõ � ��ò�ÿ�� ßwá � � ��î?ÿ�ý�� � ò 
 � �Iò%� ��Þ � ß �¢î�þ5ÿ�òqñÕï ó òÊÿ=�-��� ô ò ß Þ�� ��õOò ô ï:ÿ/ï ô ï à ïZîÓ�?ò ß ò�òqî<�ªî
ð?þ#����ò�T à ö�� � ò%�Qò*òZï à&�.à ��òZï ô òZÿið?ñªòV� ß �¢õOõ�òZÿ��ªï ô òqñ ó ��òqõ � �AòÊÿzý Øt¤L¸°��¦��<� ïZî?ÿ �X¤­±<�*×X²/¦A�:�w��� 
�� �,à ò�òZÿ
ï ô 
�� �,à ò ßQßp� � � õOò�õ � � ó�ß 
?òqòZÿ ß öNï à&� �ªò%���ªî�þ � �Aò%�"Ô ô �¢õ�ò ß!ô�� ò ô�� � � �/þ � 
�� ô=��Þ º ¤A��¬��<�,�K£¥¤A���:� ö�� � � à
�

�� �,à òqòZÿ ß ï ô ÿ,� ß­áÑß 
?òqòZÿ ß ý

íKî%õ �Aßwôbà ï ß ò ß ö ��¤­±<�O×?²�¦A�:�w��� 
?ò%� Þ�� ��õÑï�î à ò�� ß �-� ô�� �ªîÓPA
?ò%� à ò�î ôK��ÞtØ ¤�¸°��¦��<� ýX0 � � � �¢þ ��à ��òÊï ô ò
ô�� � � �/þ � 
�� ô ö ��� �Vò%�Aò%�qö �X¤­±<�i×?²/¦A�:�­�Q� 
?ò%� Þ�� ��õ$ïZî à ò � ß ��
 ô�� M v 
Xò3� à òqî ô ñ � �Iò%��ýÓk �Aßwô��ZÞtô�� � ß 
?ò%� �
Þ�� �Qõ$ï�î à ò$ÿ�òqþ#��ïpÿ�ï ô � � îô� ß ÿ��/ò ô�� �-��� ô �¢î/þ.õ � ÿ���ð òZÿÅõOò ô ï:ÿ�ï ô ïX��ñ �,à�á�ß õ � ��ò ô�� ïZî � î à ò �?ò à ï�� ß ò ��Þ
��î?ÿ ��� �QòZÿ � ÿ,ò%
?òqî?ÿ�òqî à�ó � ïZî?ÿ�ñ��ªî�þ�ýsk=� à&�X��ÞVô�� � ß � ß ��î�î/ò à ò ßQß ï!� ó ï�î?ÿ à�� ��ñ¥ÿ �?ò*ï%� � �¥ÿ�òZÿX� ó õ � ÿ�� Þ·ó,�
�¢î/þ ô�� ò ß­ó î à ò%�Vÿ�ïZòqõ � î ô�� ò%2,
�ñ�� à � ô ñ ó �I� ßS� ��ñ �,à�á�ß �-� ô�� î � ÿ�ò%
?òqî?ÿ,òqî à �ªò ß �Xò Þ�� ��òa��ñ �,à�á�ßkô�� ï ô ÿ�ò3
Xò�î?ÿ
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qs�¹ÿ�ò%���ªî�þ n ñ¢ñ �,à ý }¡ñÕï!
 ß òZÿ=�>�ªõOò 9^ò%� à òqî ô>�ZÞ Æ�96\ �>�ªõOò ç � ß­á í � q e°ò ß 
 � î ß ò
Y,à&� òqõOò í�î�� ô ý ü ß ò à8� î?ÿ ß&� NC� qs�¹ÿ�ò%� ü ß ò à�� î ÿ ß
� eÓò�*[��ò ß­ô�ß �>�ªõOò n �,þOü·õ ß
�

N T t T�ýfm M3P�T�ý(T g v ý g T#Ô v�v g P�Ô�Mpý/PÆ � î,�Aòqî ô � � î?ïZñ ä g�P v ý t P#P�Ð�ý t t�v ý v Ð,M%Ô�M3Ð M%P[gÖý v
N T�P�m�ý/T M v M:ý(Ô Ô�h,ýfm T#P v Ð#h T�P�P,ý vY+�ZÞ·ô \C
�ÿ�ï ô ò ß ä T�M8m�ý/P t h�ý(Ð g�h,ý g T,M!g t#t P�T�P,ý/Ô

NC� qC�¹ÿ�ò%� N T�M t ý�M M v�v ý v Ô[gÖý/P T,M%Ð t Ð T�M%h,ý�M

� ï!��ñªò=M LVY,à
� òqõOò à�� õ"
?ï!��� ßp� î<� ß �¢î/þ$m � � ß ò%� à�� 
 ó ýÄÙ4ë�îpð;í+ë%üSÿ+ú ö�ñsë�ìÅë���ï&÷�ë���ï@ò%ø�ñ_ï���ï&÷�ë�ý�ö�ì,í�ï&õ,ï&ì,í�ï&ì�ü
ïOÞ+ï8î�ÿ+üUö�ò�ì,ñ����]ð+ï@ï�ý�ë%õ,ñUï8í�üUö�úKï8ñ-ë�÷SïKë��!ï&÷�ë���ï8ñ?ë�úKò�ì��VüSð+ïÄÛ�ÿ,ñ_ï&÷�ñ�Ý���ó]ö�üSðXî�ò#ïOàAîpörï&ì�ü�ñåò%øT�3ë%÷_ö ë�üUö�ò�ì�ýrï8ñpñ>üSð,ë%ì
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?ò%� à òqî ô ý

� � ò-
?ò%� Þ�� ��õ$ïZî à òVÿ�� Ê ò3��òqî à ò ß ï���òVõ � �QòÔò32 ô ��òqõOò Þ�� �^ð?ñªò>�Qòqõ � �pï�ñ?ü ô ï!��ñªò-P � ö�� � � à
��à�� î ß � ßwô�ß ïZñ¢õ �Öß­ô
òqî ô ����òqñ ó��ZÞ õ�ò ô ïpÿ�ï ô ïV��
�ÿ�ï ô ò ß ýa� � ò�òqñÕï!
 ß òZÿ ô �¢õOò ß¡Þ�� � Øt¤:¸°�Q¦��<� ï�î?ÿ ��¤­±<�b×X²/¦A�:�w��� ï���ò*õ � ��ò ô�� ï�î
ï�î � �¹ÿ�ò%� ��Þ õ$ïZþ:î�� ô �?ÿ,òµñ � �Iò%� ô�� ïZî ô�� ï ôC�ZÞ º ¤A��¬��<�,�K£¥¤A���:� ý NC�pô ò ô�� ï ôµ�X¤­±<�*×X²/¦A�:�w��� ò�ñ¥ï!
 ß òZÿ ô �¢õ�òC� ß
M%ÐA
?ò%� à òqî ô ñ � �Vò%� ô�� ï�î ô�� ï ô-��ÞVØt¤é¸°��¦��<�^Þ�� � ô�� � ß �?òqî à
� õÑï!� á ý�� � � ß � ß ÿ���ò ô��*ô�� òbÿ�ò Þ ò%���QòZÿ���ò�õ � �:ïZñ
ï!
�
�� � ï à&� � ß òZÿK� ó*��¤­±<�°×?²/¦A�:�­�Q� ö�� � � à&� 
 �Aß­ô 
 � î�ò ß �Qò ßp� ��� à ògÿ�ò � ï�ñªñ �,à ï ô � � î8ï à�ô ���,� ôwó ��î ô �¢ñ/ï Þ·ô ò%� à ò%� ô ï!�¢î
ÿ�� ß­á �-��� ô ò ß>à�� õ 
/ñ¢ò ô òAý�k �Aßwô���Þ?ô�� � ß 
 �Aßwô 
 � î�òÊÿV� � � á@�,àqà ��� ß ï Þ·ô ò3� ô�� ò ! � ß ò%��"-
�� �,à ò ß�ß à�� õ"
�ñ¢ò ô ò ß ý�� � ò
� �¹ÿ�ò%� �ZÞ õ$ï�þpî�� ô �?ÿ�òkÿ,ò à ��òÊï ß ò?�ªî�ÿ,� ß­á ï à�ô ���,� ôwó ü®òAýÝþ�ýªö ��¤­±<�I×?²/¦A�:�­��� �Aò%� ß ò ß º ¤A��¬Z�<����£¥¤A���:�f� ÿ�òqõ � î ß­ô ��ï ô ò ß
ô�� ò��pïZñ���ò ��Þ � ß �ªî�þ8ÿ�òqñÕï ó òÊÿ��-��� ô ò ßÔÞ�� �°õOò ô ïpÿ�ï ô ï�ý

z�M ]4���I�C���&~������S�C�S�%��~¢�_�8��~�}(~����S�%���(�-}/�#��}r�p�&������|#�&�	�S�   ���Q�U}/���R�
�/�(���S�
��}/�8�6}(�!}(��}��&�/}K¬��&��}(���?}/�s�����&�8�S~��#�p�   �����a�
�#�U��~��(}/��|3���/�
�¼�
��������ã�}/�@�&���p�(�ah6�#�p�Q�U�S�%�U����}(��|�üý`þSBöaÿ�b���ù�öþcVUS�%�3�>�����%�#�U}/���-��|����%���-���S�I�   �%}/~��>�������%~��	{�|�}/~I~������8�S~���~���|#�&����|��]�S�8��|��
|�}/�>�Q�&���s}/�#�U�����&~��S~�� � }/��|!�8���-�8����}(��}/�8�#�
�I�S�%}��%�S�#�U���¢���s���S�/}/�S�8�C��|#�
�R��|��K�8����}(��}/�8�#�
�I|�}/��~-�&���   ���R}/�����%�C���/�����%~>��|#�
�
���p�a�&}/�-}/�@��|��?�S����|��?���%��}/�,�
�(�/���S�
��}/�8�@�%�S���S�#�%�S���U}/�S~?�&���]~U�&��}/~ ©#���+�

M�m



qs�¹ÿ�ò%���ªî�þ ü�M � Æ?�QòZï ô ò üUP � üUT � ü�m � üUÐ � � �:ô ï�ñ
Y,à&� òqõOò ç ����ò à�ô�� ���¢ò ß Æ � 
 ó 04�¢ñªò ß eÓòZïpÿ$í�î � ÿ�ò ß eÓòZïpÿX04�¢ñªò ß Æ � õ 
��ªñ¢ò

Æ � î,�Aòqî ô � � î?ïZñ P�ý(T!m�ü v ýfm+h � T�ý t�t ü v ý m+P � m/ý�M3Tiü v ýfm�P � Ð,ý t mÌü v ý/P#h � P#h�Ð$ü v ý t m � T v m�ü�Mpý/T �
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t o
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 p
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 b
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 f
ra
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 f
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, d
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 f
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 b
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nd
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to
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 m
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ng
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th
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nu

m
be

r 
of

fr
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 p

er
 b

lo
ck
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ac

tu
al

ly
 d
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it

h 
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le
ft
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if
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N
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iz
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un

ds
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si
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up

w
ar

ds
 to
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e 

ne
ar

es
t m

ul
ti

pl
e

of
 th

e 
fr

ag
m

en
t s

iz
e.

F
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_F
R
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G

C
N

T
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si
d,

 s
iz

e)
;

de
te

rm
in
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 th

e 
nu

m
be

r 
of

 f
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gm
en

ts
 n
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de

d 
to
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ld
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si

ze
" 

by
te

s.

F
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IZ

E
O

F
B

L
O

C
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(f
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 f

il
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iz
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;
de

te
rm

in
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e 

si
ze

 o
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oc
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 in
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fi
le

 o
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ze
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fi

le
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ze
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N

O
D

E
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F
F

S
E
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si
d,

 in
um
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de

te
rm
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e 
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et
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in

od
e 
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nu

m
" 
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th

e 
in

od
e 

bl
oc

k 
th

at
 c

on
ta

in
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U

F
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E
V

IC
E
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U

M
B

E
R

(b
p)

:
re

pr
es

en
ts

 th
e 

de
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ce
 f

or
 b

uf
fe
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ca

ch
e 
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F
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D
D
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en
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en
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U

F
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L
O
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IZ
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:
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ze
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f 
th
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m
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U
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G
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pr
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en
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e 
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ro
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 f
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ne
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g

m
an

ip
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at
ed

 b
y 

th
e 

so
ft

 u
pd

at
es

 c
od

e 
m

ar
ks

 a
 b

lo
ck
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s

di
rt

y.
  W

e 
w

il
l r
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 th
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 f

la
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B
U

F
F

E
R
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IR

T
Y
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A

no
th

er
 f
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g 
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di
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te

s 
th
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 th
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in
g 

di
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/O

sh
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ld
 b
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as
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ch

ro
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us
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it
h 
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ec
t t

o 
th

e 
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pr
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w

il
l r
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 th
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 f

la
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F
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E
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N
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F
B

U
F

_M
E
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O
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Y
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L

O
C

K
(f
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re
pr

es
en

ts
 th

e 
m

ai
n 

m
em

or
y 

ad
dr

es
s 

fo
r 

th
e 

fi
le

 p
ag

e

m
an

ag
ed

 b
y 

fb
uf

, "
fb

p"
.

D
IR

E
N

T
R

Y
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N
O

D
E
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U

M
B

E
R
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nt

ry
pt

r)
:

re
pr

es
en

ts
 th

e 
in

od
e 

nu
m
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r 

fo
r

di
re

ct
or
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en

tr
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tr
yp

tr
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pt
r 
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E

R
N

E
L

_M
E
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O

R
Y
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L

L
O

C
A

T
E

(s
iz
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te
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si

ze
" 
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te
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e
m

em
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ir
tu

al
 m
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ge
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e
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R
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th
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ge
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 m
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it
ia

li
ze

 "
si

ze
" 

by
te

s,
 s

ta
rt

in
g 

at
 "

pt
r"

, w
it

h 
ze

ro
s.
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P

Y
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R
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 b
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 b
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 c
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 c
an

 b
e 

re
us

ed
.

st
ru

ct
 b

uf
 *

 B
R

E
A

D
(d

ev
, a

dd
r,

 s
iz

e)
:

ge
t a

n 
in

-m
em

or
y 

co
py

 o
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 d
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 d
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 f
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 c
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 p
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R
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at
 a

n 
er

ro
r 

ha
s 

oc
cu

rr
ed

.  
W

e 
do

 th
is

 b
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 d
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is

 b
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4.
 G

en
er

al
 D

ep
en

de
nc

y 
S

tr
uc

tu
re

W
e 

fo
un

d 
it

 c
on

ve
ni

en
t t

o 
ut

il
iz

e 
a 

si
ng

le
 g

en
er

al
 s

tr
uc

tu
re

 to
 m

ai
nt

ai
n 

th
e

de
pe

nd
en

cy
 in

fo
rm

at
io

n 
th

at
 f

or
m

s 
th

e 
fo

un
da

ti
on

 o
f 

so
ft

 u
pd

at
es

.  
W

hi
le

 le
ss

ef
fi

ci
en

t i
n 

te
rm

s 
of

 m
em

or
y 

ut
il

iz
at

io
n,

 th
is

 a
pp

ro
ac

h 
si

m
pl

if
ie

s 
m

em
or

y
m

an
ag

em
en

t a
nd

 s
tr

uc
tu

re
 in

de
xi

ng
/c

ro
ss

-r
ef

er
en

ci
ng

.  
A

 p
ro

du
ct

io
n-

qu
al

it
y

im
pl

em
en

ta
ti

on
 s

ho
ul

d 
pr

ob
ab

ly
 u

se
 s

ev
er

al
 d

if
fe

re
nt

ly
-s

iz
ed

 s
tr

uc
tu

re
s 

to
re

du
ce

 m
em

or
y 

ut
il

iz
at

io
n.

  T
he

 s
tr

uc
tu

re
 w

e 
us

e 
co

nt
ai

ns
 th

e 
eq

ui
va

le
nt

 o
f

16
 in

te
ge

rs
: ty
pe

de
f 

st
ru

ct
 s

ft
dp

 {
st

ru
ct

 s
ft

dp
 *

ha
sh

_n
ex

t;
st

ru
ct

 s
ft

dp
 *

ha
sh

_p
re

v;
st

ru
ct

 s
ft

dp
 *

*l
is

tt
ai

l;
st

ru
ct

 s
ft

dp
 *

ne
xt

;
st

ru
ct

 s
ft

dp
 *

pr
ev

;
in

t i
d;

in
t t

yp
e;

in
t a

rg
[9

];
} 

so
ft

de
p;

T
he

 f
ir

st
 tw

o 
po

in
te

rs
 a

re
 u

se
d 

fo
r 

ha
sh

 in
de

xi
ng

.  
T

he
 n

ex
t t

hr
ee

 a
ll

ow
 th

e
st

ru
ct

ur
e 

to
 li

ve
 o

n 
an

ot
he

r 
li

st
 a

nd
 b

e 
re

m
ov

ed
 e

as
il

y 
at

 a
ny

 ti
m

e.
  T

he
 ‘

‘i
d’

’
is

 u
se

d 
to

 id
en

ti
fy

 th
e 

re
la

ti
ve

 a
ge

 o
f 

tw
o 

st
ru

ct
ur

es
 -

- 
th

e 
on

e 
w

it
h 

th
e

lo
w

er
 ‘

‘i
d’

’ 
is

 o
ld

er
.  

A
 s

in
gl

e 
32

-b
it

 in
te

ge
r 

m
ay

 b
e 

in
su

ff
ic

ie
nt

 f
or

 a
ct

iv
e

sy
st

em
s 

th
at

 a
re

 r
eb

oo
te

d 
in

fr
eq

ue
nt

ly
.  

H
ow

ev
er

, t
he

 ‘
‘i

d’
’ 

fi
el

d 
is

 a
ct

iv
el

y
us

ed
 in

 o
nl

y 
on

e 
pr

oc
ed

ur
e,

 s
o 

co
m

bi
ni

ng
 tw

o 
in

te
ge

rs
 is

 a
 r

ea
so

na
bl

e 
op

ti
on

.
T

he
 ‘

‘t
yp

e’
’ 

fi
el

d 
id

en
ti

fi
es

 th
e 

ac
ti

on
s 

to
 b

e 
ta

ke
n 

an
d 

th
e 

m
ea

ni
ng

s 
of

 th
e

‘‘
ar

g’
’ 

ar
ra

y 
va

lu
es

.

T
he

 s
et

 o
f 

ty
pe

s 
an

d 
th

e 
co

rr
es

po
nd

in
g 

ar
g 

ar
ra

y 
us

ag
es

 a
re

 (
no

te
 th

at
 m

uc
h

of
 th

is
 w

il
l n

ot
 b

e 
cl

ea
r 

un
ti

l t
he

 r
em

ai
nd

er
 o

f 
th

e 
de

sc
ri

pt
io

n 
is

 e
xa

m
in

ed
):

#d
ef

in
e

S
O

F
T

D
E

P
_P

A
G

E
D

E
P

1

ar
g[

0]
 =

 V
F

S
 id

en
ti

fi
ca

ti
on

 f
or

 th
e 

fi
le

 s
ys

te
m

ar
g[

1]
 =

 in
od

e 
nu

m
be

r 
fo

r 
th

e 
fi

le
ar

g[
2]

 =
 b

lo
ck

 p
oi

nt
er

 n
um

be
r 

w
it

hi
n 

fi
le

ar
g[

4]
 =

 li
st

 o
f 

de
pe

nd
en

ci
es

 w
ai

ti
ng

 f
or

 f
il

e 
pa

ge
ar

g[
5]

 =
 li

st
 #

0 
of

 u
pd

at
e 

de
pe

nd
en

ci
es

 f
or

 f
il

e 
pa

ge
ar

g[
6]

 =
 li

st
 #

1 
of

 u
pd

at
e 

de
pe

nd
en

ci
es

 f
or

 f
il

e 
pa

ge
ar

g[
7]

 =
 li

st
 #

2 
of

 u
pd

at
e 

de
pe

nd
en

ci
es

 f
or

 f
il

e 
pa

ge
ar

g[
8]

 =
 li

st
 #

3 
of

 u
pd

at
e 
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 c
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 c
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 b
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 c
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, m
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 d
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 c
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 m
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 c
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 c
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;
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{
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C
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=
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=
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+
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;
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+
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 b
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ra
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t b
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 p
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be

 h
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il

;
if

 (
ta

il
) 

{
de

p-
>

ne
xt

 =
 ta

il
->

ne
xt

;
ta

il
->

ne
xt

 =
 d

ep
;

de
p-

>
pr

ev
 =

 ta
il

;
de

p-
>

ne
xt

->
pr

ev
 =

 d
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 d
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 d
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 d
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 d
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{
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=
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;
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E
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A
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de
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>
ha

sh
_p

re
v 

=
 ta

il
;

de
p-

>
ha

sh
_n

ex
t-

>
ha

sh
_p

re
v 

=
 d
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de
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>
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ex
t =

 d
ep
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de
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 d
ep
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 d
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 d
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 d
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 d
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 d
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 d
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;
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at
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, l
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p 
*n

ew
;

{
so

ft
de

p 
*t

ai
l =

 s
of

td
ep

_h
as

h[
(i

nu
m

 &
 S

O
F

T
D

E
P

_H
A

S
H

M
A

S
K

)]
;

so
ft

de
p 

*t
m

p 
=

 ta
il

;
if

 (
tm

p)
 {

do
 { if
 (

(t
m

p-
>

ar
g[

2]
 =

=
 lb

n)
 &

&
 (

tm
p-

>
ar

g[
1]

 =
=

 in
um

) 
&

&
 (

tm
p-

>
ar

g[
0]

 =
=

 v
fs

id
))

 {
so

ft
de

p_
de

al
lo

ca
te

(n
ew

);
ne

w
 =

 N
U

L
L

;
br

ea
k;

}

� k
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7
tm

p 
=

 tm
p-

>
ha

sh
_n

ex
t;

} 
w

hi
le

 (
tm

p 
!=

 ta
il

);
} if

 (
ne

w
) 

{
tm

p 
=

 n
ew

;
tm

p-
>

ty
pe

 =
 (

lb
n 

=
=

 -
1)

 ?
 S

O
F

T
D

E
P

_I
N

O
D

E
D

E
P

 : 
S

O
F

T
D

E
P

_P
A

G
E

D
E

P
;

tm
p-

>
ar

g[
0]

 =
 v

fs
id

;
tm

p-
>

ar
g[

1]
 =

 in
um

;
tm

p-
>

ar
g[

2]
 =

 lb
n;

so
ft

de
p_

ap
pe

nd
to

ha
sh

(t
m

p)
;

} re
tu

rn
(t

m
p)

;
} /*

 R
et

ur
n 

th
e 

so
ft

de
p 

fo
r 

th
e 

de
sc

ri
be

d 
pa

ge
/i

no
de

 o
r 

al
lo

ca
te

*/
/*

 n
ew

 o
ne

.  
T

he
 s

of
t u

pd
at

es
 lo

ck
 s

ho
ul

d 
be

 f
re

e 
on

 e
nt

ry
 a

nd
*/

/*
 is

 h
el

d 
on

 e
xi

t.
*/

so
ft

de
p 

* 
so

ft
de

p_
ge

t_
so

ft
de

p(
vf

si
d,

 in
um

, l
bn

)
in

t v
fs

id
;

in
t i

nu
m

;
in

t l
bn

;
{

so
ft

de
p 

*n
ew

 =
 s

of
td

ep
_a

ll
oc

at
e(

);
A

C
Q

U
IR

E
_L

O
C

K
;

re
tu

rn
(s

of
td

ep
_l

oc
ke

d_
ge

t_
so

ft
de

p(
vf

si
d,

 in
um

, l
bn

, n
ew

))
;

} /*
 R

et
ur

n 
th

e 
so

ft
de

p 
fo

r 
th

e 
de

sc
ri

be
d 

pa
ge

 if
 o

ne
 e

xi
st

s,
*/

/*
 e

ls
e 

N
U

L
L

.  
T

he
 s

of
t u

pd
at

es
 lo

ck
 s

ho
ul

d 
be

 h
el

d 
on

 e
nt

ry
.

*/
so

ft
de

p 
* 

so
ft

de
p_

lo
ck

ed
_c

he
ck

fo
r_

so
ft

de
p(

vf
si

d,
 in

um
, l

bn
)

in
t v

fs
id

;
in

t i
nu

m
;

in
t l

bn
;

{
so

ft
de

p 
*t

ai
l =

 s
of

td
ep

_h
as

h[
(i

nu
m

 &
 S

O
F

T
D

E
P

_H
A

S
H

M
A

S
K

)]
;

so
ft

de
p 

*t
m

p 
=

 ta
il

;
if

 (
tm

p)
 {

do
 { if
 (

(t
m

p-
>

ar
g[

2]
 =

=
 lb

n)
 &

&
 (

tm
p-

>
ar

g[
1]

 =
=

 in
um

) 
&

&
 (

tm
p-

>
ar

g[
0]

 =
=

 v
fs

id
))

 {
re

tu
rn

(t
m

p)
;

} tm
p 

=
 tm

p-
>

ha
sh

_n
ex

t;
} 

w
hi

le
 (

tm
p 

!=
 ta

il
);

} re
tu

rn
(N

U
L

L
);

} /*
 R

et
ur

n 
th

e 
so

ft
de

p 
fo

r 
th

e 
de

sc
ri

be
d 

pa
ge

/i
no

de
 if

 o
ne

*/
/*

 e
xi

st
s,

 e
ls

e 
N

U
L

L
.  

T
he

 s
of

t u
pd

at
es

 lo
ck

 s
ho

ul
d 

be
 f

re
e 

on
*/

/*
 e

nt
ry

 a
nd

 is
 h

el
d 

on
 e

xi
t.

*/
so

ft
de

p 
* 

so
ft

de
p_

ch
ec

kf
or

_s
of

td
ep

(v
fs

id
, i

nu
m

, l
bn

)

in
t v

fs
id

;
in

t i
nu

m
;

in
t l

bn
;

{
A

C
Q

U
IR

E
_L

O
C

K
;

re
tu

rn
(s

of
td

ep
_l

oc
ke

d_
ch

ec
kf

or
_s

of
td

ep
(v

fs
id

, i
nu

m
, l

bn
))

;
}

9.
 T

he
 w

or
ki

te
m

 Q
ue

ue

It
 is

 s
om

et
im

es
 u

se
fu

l a
nd

/o
r 

ne
ce

ss
ar

y 
to

 c
le

an
 u

p 
ce

rt
ai

n 
de

pe
nd

en
ci

es
 in

th
e 

ba
ck

gr
ou

nd
 r

at
he

r 
th

an
 d

ur
in

g 
ex

ec
ut

io
n 

of
 a

n 
ap

pl
ic

at
io

n 
pr

oc
es

s 
or

in
te

rr
up

t s
er

vi
ce

 r
ou

ti
ne

.  
T

o 
re

al
iz

e 
th

is
, w

e 
ap

pe
nd

 d
ep

en
de

nc
y 

st
ru

ct
ur

es
co

rr
es

po
nd

in
g 

to
 s

uc
h 

ta
sk

s 
to

 a
 "

w
or

ki
te

m
" 

qu
eu

e.
  I

n 
a 

so
ft

 u
pd

at
es

im
pl

em
en

ta
ti

on
, p

en
di

ng
 w

or
ki

te
m

s 
sh

ou
ld

 n
ot

 w
ai

t f
or

 m
or

e 
th

an
 a

 c
ou

pl
e 

of
se

co
nd

s.
  I

n 
ou

r 
im

pl
em

en
ta

ti
on

, p
en

di
ng

 w
or

ki
te

m
s 

ar
e 

se
rv

ic
ed

 b
y 

th
e 

sy
nc

er
da

em
on

, w
hi

ch
 a

w
ak

en
s 

on
ce

 e
ac

h 
se

co
nd

.  
A

n 
al

te
rn

at
iv

e 
w

ou
ld

 b
e 

to
 h

av
e 

a
de

di
ca

te
d 

fi
le

 s
ys

te
m

 p
ro

ce
ss

 th
at

 a
w

ak
en

s 
on

ce
 e

ac
h 

se
co

nd
 (

to
 a

m
or

ti
ze

 th
e

co
st

) 
if

 s
uc

h 
ac

ti
vi

ty
 is

 n
ee

de
d.

so
ft

de
p 

*s
of

td
ep

_w
or

ki
te

m
_p

en
di

ng
 =

 N
U

L
L

;

T
o 

ad
d 

a 
w

or
ki

te
m

:

de
p-

>
li

st
ta

il
 =

 &
so

ft
de

p_
w

or
ki

te
m

_p
en

di
ng

;
so

ft
de

p_
ap

pe
nd

to
li

st
(d

ep
);

In
 th

e 
ba

ck
gr

ou
nd

 p
ro

ce
ss

:

w
hi

le
 (

so
ft

de
p_

w
or

ki
te

m
_p

en
di

ng
) 

{
so

ft
de

p_
ha

nd
le

_w
or

ki
te

m
()

;
} vo

id
 s

of
td

ep
_h

an
dl

e_
w

or
ki

te
m

()
{

so
ft

de
p 

*w
or

k;
in

t t
yp

e,
 a

rg
0,

 a
rg

1,
 a

rg
2;

A
C

Q
U

IR
E

_L
O

C
K

;
if

 (
so

ft
de

p_
w

or
ki

te
m

_p
en

di
ng

 =
=

 N
U

L
L

) 
{

F
R

E
E

_L
O

C
K

;
re

tu
rn

;
} w

or
k 

=
 s

of
td

ep
_w

or
ki

te
m

_p
en

di
ng

->
ne

xt
;

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(w
or

k)
;

ty
pe

 =
 w

or
k-

>
ty

pe
;

ar
g0

 =
 w

or
k-

>
ar

g[
0]

;
ar

g1
 =

 w
or

k-
>

ar
g[

1]
;

ar
g2

 =
 w

or
k-

>
ar

g[
2]

;
F

R
E

E
_L

O
C

K
;

if
 (

ty
pe

 =
=

 S
O

F
T

D
E

P
_R

E
M

O
V

E
) 

{

�g�
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8
so

ft
de

p_
ha

nd
le

_w
or

ki
te

m
_r

em
ov

e(
w

or
k)

;
} 

el
se

 if
 (

ty
pe

 =
=

 S
O

F
T

D
E

P
_F

R
E

E
B

L
O

C
K

S
) 

{
so

ft
de

p_
ha

nd
le

_w
or

ki
te

m
_f

re
eb

lo
ck

s(
w

or
k)

;
} 

el
se

 if
 (

ty
pe

 =
=

 S
O

F
T

D
E

P
_F

R
E

E
F

R
A

G
) 

{
so

ft
de

p_
ha

nd
le

_w
or

ki
te

m
_f

re
ef

ra
g(

w
or

k)
;

} 
el

se
 if

 (
ty

pe
 =

=
 S

O
F

T
D

E
P

_F
IL

E
F

R
E

E
) 

{
so

ft
de

p_
ha

nd
le

_w
or

ki
te

m
_f

il
ef

re
e(

w
or

k)
;

} 
el

se
 if

 (
ty

pe
 =

=
 S

O
F

T
D

E
P

_C
Y

L
G

R
O

U
P

) 
{

so
ft

de
p_

ha
nd

le
_w

or
ki

te
m

_c
yl

gr
ou

p(
w

or
k)

;
} 

el
se

 if
 (

ty
pe

 =
=

 S
O

F
T

D
E

P
_P

A
G

E
D

E
P

) 
{

so
ft

de
p_

ha
nd

le
_w

or
ki

te
m

_p
ag

ed
ep

(a
rg

0,
 a

rg
1,

 a
rg

2)
;

re
tu

rn
;

} 
el

se
 {

L
O

G
_E

R
R

O
R

("
U

nk
no

w
n 

so
ft

de
p_

w
or

ki
te

m
 ty

pe
 %

d\
n"

, t
yp

e)
;

IN
D

U
C

E
_F

A
U

L
T

()
;

} A
C

Q
U

IR
E

_L
O

C
K

;
so

ft
de

p_
de

al
lo

ca
te

(w
or

k)
;

F
R

E
E

_L
O

C
K

;
}

T
he

 v
ar

io
us

 "
so

ft
de

p_
ha

nd
le

_w
or

ki
te

m
_*

" 
pr

oc
ed

ur
es

 a
re

 d
es

cr
ib

ed
 b

el
ow

.

10
. D

el
ay

ed
 w

or
ki

te
m

s

It
 is

 s
om

et
im

es
 u

se
fu

l t
o 

de
la

y 
a 

pa
rt

ic
ul

ar
 w

or
ki

te
m

 f
or

 s
om

e 
pe

ri
od

 o
f

ti
m

e,
 a

s 
it

 m
ig

ht
 b

e 
de

al
t w

it
h 

du
ri

ng
 th

e 
no

rm
al

 f
lo

w
 o

f 
su

bs
eq

ue
nt

 f
il

e
ac

ce
ss

es
.  

W
e 

re
al

iz
e 

th
is

 w
it

h 
a 

se
co

nd
 w

or
ki

te
m

 q
ue

ue
 th

at
 is

 m
an

ip
ul

at
ed

on
ce

 e
ac

h 
se

co
nd

.  
In

 o
ur

 im
pl

em
en

ta
ti

on
, t

he
 s

yn
ce

r 
da

em
on

 e
xe

cu
te

s 
th

is
co

de
, b

ut
 th

e 
se

co
nd

ar
y 

cl
oc

k 
in

te
rr

up
t s

er
vi

ce
 r

ou
ti

ne
 c

od
e 

re
pr

es
en

ts
an

ot
he

r 
op

ti
on

.

#d
ef

in
e 

S
O

F
T

D
E

P
_M

A
X

D
E

L
A

Y
32

#d
ef

in
e 

S
O

F
T

D
E

P
_M

A
X

D
E

L
A

Y
M

A
S

K
0x

00
00

00
1F

so
ft

de
p 

*s
of

td
ep

_w
or

ki
te

m
_d

el
ay

ed
[S

O
F

T
D

E
P

_M
A

X
D

E
L

A
Y

];
in

t s
of

td
ep

_d
el

ay
no

 =
 0

;

E
xe

cu
te

d 
du

ri
ng

 s
ys

te
m

 in
it

ia
li

za
ti

on
:

fo
r 

(i
=

0;
 i<

S
O

F
T

D
E

P
_M

A
X

D
E

L
A

Y
; i

+
+

) 
{

so
ft

de
p_

w
or

ki
te

m
_d

el
ay

ed
[i

] 
=

 N
U

L
L

;
}

T
o 

ad
d 

a 
de

la
ye

d 
w

or
ki

te
m

:

de
p-

>
li

st
ta

il
 =

 &
so

ft
de

p_
w

or
ki

te
m

_d
el

ay
ed

[(
(s

of
td

ep
_d

el
ay

no
 +

 1
5)

 &
 S

O
F

T
D

E
P

_M
A

X
D

E
L

A
Y

M
A

S
K

)]
;  

/*
 to

 d
el

ay
 a

pp
ro

x.
 1

5 
se

co
nd

s 
*/

so
ft

de
p_

ap
pe

nd
to

li
st

(d
ep

);

E
xe

cu
te

d 
on

ce
 e

ac
h 

se
co

nd
 b

ef
or

e 
no

rm
al

 w
or

ki
te

m
 h

an
dl

in
g:

if
 (

so
ft

de
p_

w
or

ki
te

m
_d

el
ay

ed
) 

{
so

ft
de

p_
ha

nd
le

_w
or

ki
te

m
_d

el
ay

ed
()

;
} vo

id
 s

of
td

ep
_h

an
dl

e_
w

or
ki

te
m

_d
el

ay
ed

()
{

so
ft

de
p 

*w
or

k;
A

C
Q

U
IR

E
_L

O
C

K
;

so
ft

de
p_

de
la

yn
o 

=
 (

so
ft

de
p_

de
la

yn
o 

+
 1

) 
&

 S
O

F
T

D
E

P
_M

A
X

D
E

L
A

Y
M

A
S

K
;

w
hi

le
 (

w
or

k 
=

 s
of

td
ep

_w
or

ki
te

m
_d

el
ay

ed
[s

of
td

ep
_d

el
ay

no
])

 {
so

ft
de

p_
re

m
ov

ef
ro

m
li

st
(w

or
k)

;
w

or
k-

>
li

st
ta

il
 =

 &
so

ft
de

p_
w

or
ki

te
m

_p
en

di
ng

;
so

ft
de

p_
ap

pe
nd

to
li

st
(w

or
k)

;
} F

R
E

E
_L

O
C

K
;

}

11
. P

ro
te

ct
in

g 
th

e 
fr

ee
m

ap
s 

(o
r 

bi
tm

ap
s)

In
 o

rd
er

 to
 e

li
m

in
at

e 
th

e 
ne

ed
 to

 e
xe

cu
te

 f
sc

k 
be

fo
re

 m
ou

nt
in

g 
a 

fi
le

 s
ys

te
m

af
te

r 
a 

po
w

er
 f

ai
lu

re
, o

ne
 m

us
t (

co
ns

er
va

ti
ve

ly
) 

gu
ar

an
te

e 
th

at
 th

e 
on

-d
is

k
co

py
 o

f 
th

e 
bi

tm
ap

s 
ne

ve
r 

in
di

ca
te

 th
at

 a
 li

ve
 in

od
e 

or
 b

lo
ck

 is
 f

re
e.

  S
o,

w
he

n 
a 

bl
oc

k 
or

 in
od

e 
is

 a
ll

oc
at

ed
, t

he
 b

it
m

ap
 s

ho
ul

d 
be

 u
pd

at
ed

 (
on

 d
is

k)
be

fo
re

 a
ny

 n
ew

 p
oi

nt
er

s.
  W

he
n 

a 
bl

oc
k 

or
 in

od
e 

is
 f

re
ed

, t
he

 b
it

m
ap

 s
ho

ul
d

no
t b

e 
up

da
te

d 
un

ti
l a

ll
 p

oi
nt

er
s 

ha
ve

 b
ee

n 
re

se
t. 

 T
he

 la
tt

er
 d

ep
en

de
nc

y 
is

ha
nd

le
d 

by
 th

e 
de

la
ye

d 
de

-a
ll

oc
at

io
n 

ap
pr

oa
ch

 d
es

cr
ib

ed
 b

el
ow

 f
or

 b
lo

ck
 a

nd
in

od
e 

de
-a

ll
oc

at
io

n.
  T

he
 f

or
m

er
 d

ep
en

de
nc

y 
is

 h
an

dl
ed

 b
y 

ca
ll

in
g 

th
e 

fo
ll

ow
in

g
pr

oc
ed

ur
e 

w
he

n 
a 

bl
oc

k 
or

 in
od

e 
is

 a
ll

oc
at

ed
.  

T
he

 r
es

ul
ti

ng
 "

B
IT

M
A

P
D

E
P

" 
is

pa
ss

ed
 to

 th
e 

ro
ut

in
es

 (
de

sc
ri

be
d 

be
lo

w
) 

th
at

 s
et

 u
p 

re
la

te
d 

de
pe

nd
en

ci
es

.
E

ac
h 

"B
IT

M
A

P
D

E
P

_I
N

O
D

E
" 

is
 a

ls
o 

in
se

rt
ed

 in
to

 th
e 

ha
sh

 in
de

xi
ng

 s
tr

uc
tu

re
 s

o 
th

at
an

y 
ad

di
ti

on
al

 li
nk

 a
dd

it
io

ns
 c

an
 b

e 
m

ad
e 

de
pe

nd
en

t o
n 

th
e 

in
od

e 
al

lo
ca

ti
on

.

T
he

 u
fs

 f
il

e 
sy
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 m
ai

nt
ai

ns
 a

 n
um

be
r 

of
 f

re
e 

bl
oc

k 
co

un
ts
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e.

g.
, p

er
 c

yl
in

de
r

gr
ou

p,
 p

er
 c

yl
in

de
r 

an
d 

pe
r 

<
cy

li
nd

er
, r

ot
at

io
na

l p
os

it
io

n>
 p

ai
r)
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it
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n

to
 th

e 
bi

tm
ap

s.
  T

he
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 c
ou

nt
s 
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e 
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ed

 to
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e 
ef
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ci

en
cy

 d
ur

in
g 

al
lo

ca
ti

on
an

d 
th

er
ef

or
e 

m
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t b
e 
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te

nt
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it
h 

th
e 

bi
tm
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s.

  T
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re
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 n
o 

co
nv

en
ie

nt
w

ay
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 g
ua

ra
nt

ee
 p

os
t-

cr
as

h 
co
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te
nc

y 
of

 th
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e 
co

un
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 w
it

h 
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m
pl

e 
up

da
te

or
de

ri
ng

, f
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o 

m
ai

n 
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on
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 T

he
 c

ou
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an

d 
bi

tm
ap
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r 
a 

si
ng
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er
 g

ro
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 b
lo

ck
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 n

ot
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e 
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m

e 
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sk
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r.
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f 
a 
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te
d 

(e
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 p
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er
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 b
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nd

 th
e 

ot
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un
ts
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te
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e 

cy
li
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 o
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 c
od
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 d
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e.

  H
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ev
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ra
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 c

od
e.

so
ft

de
p 

*s
of

td
ep

_c
om

pl
et

ed
_b

it
m

ap
de

ps
 =

 N
U

L
L

;
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 f
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 b
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at
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re
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at
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 b
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E
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 d
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F
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F
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C
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;
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P
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;
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C
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;
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 b
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re
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at
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_B

IT
M

A
P

S
A

F
E

_I
N

O
D

E
) 

{
so

ft
de

p_
re

m
ov

ef
ro

m
ha

sh
(b

it
m

ap
de

p)
;
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C
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 f
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 b
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 d
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w
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m
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U
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K
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R
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E
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O
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K
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R
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A
D
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>
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>
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1]
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B
U

F
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L
A

G
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(b
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U
F

F
E

R
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IR
T

Y
) 

{
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U
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A
G

S
(b
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U
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;
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;
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 b
lo
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ng

 d
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k 
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on
s 

m
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t b
e

in
it
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(w
it
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ro
s 
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 n

ew
 d

at
a)

 b
ef

or
e 

th
e 
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-d
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k 

in
od

e 
po

in
ts
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 th
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 th
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m
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 th

e 
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oc
k 

w
as
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ll

oc
at

ed
 m
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t b

e 
up
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te

d 
(o

n 
di

sk
)
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re
 th

e 
in

od
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r.
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he
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pe
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f 
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r 
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d 
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e 

ne
ed
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il
e 
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oc
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nd
 in

di
re

ct
 b

lo
ck

s 
th

at
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re
po

in
te

d 
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 d
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 th
e 

in
od

e.
  J

us
t b

ef
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e 
th

e 
"i

n-
co

re
" 

ve
rs

io
n 

of
 th

e
in

od
e 

is
 u

pd
at

ed
 w

it
h 

a 
ne

w
ly

 a
ll

oc
at

ed
 b

lo
ck

 n
um

be
r,

 a
 p

ro
ce

du
re

 (
be

lo
w

)
is

 c
al

le
d 

to
 s

et
up

 a
ll

oc
at

io
n 

de
pe

nd
en

cy
 s

tr
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tu
re

s.
  T

he
se

 s
tr

uc
tu

re
s 

ar
e

re
m

ov
ed

 w
he

n 
th

e 
co

rr
es

po
nd

in
g 

de
pe

nd
en

ci
es

 a
re

 s
at

is
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ed
 o

r 
w

he
n 

th
e 

bl
oc

k
al

lo
ca

ti
on

 b
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om
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ol
et

e 
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.e
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th
e 

fi
le

 is
 d

el
et

ed
, t

he
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lo
ck
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 d

e-
al

lo
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te
d,
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r 

th
e 

bl
oc

k 
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 f

ra
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en
t t
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et
s 

up
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  A

ll
 o

f 
th
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e
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se
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e 
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d 
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 p
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ce
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s 

de
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d 
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te
r.

W
he

n 
a 

fi
le

 e
xt

en
si

on
 c

au
se

s 
a 

fr
ag

m
en

t t
o 

be
 u

pg
ra

de
d,

 e
it

he
r 

to
 a

 la
rg

er
fr

ag
m

en
t o

r 
to

 a
 f

ul
l b

lo
ck

, t
he

 o
n-

di
sk

 lo
ca

ti
on

 m
ay

 c
ha

ng
e 

(i
f 

th
e 

pr
ev

io
us

fr
ag

m
en

t c
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 n

ot
 s
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 e
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en
de

d)
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In
 th

is
 c
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e,

 th
e 

ol
d 

fr
ag

m
en

t
m

us
t b

e 
de

-a
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at

ed
, b

ut
 n

ot
 u

nt
il
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ft

er
 th

e 
in

od
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te
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.
In

 m
os

t c
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, t

hi
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dl
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te
r 

pr
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ed
ur
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, w
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 w
il

l c
on

st
ru

ct
a 
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R

E
E

F
R

A
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ur
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 b

e 
ad

de
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to
 th

e 
w
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ki

te
m
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n 
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e 
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od

e
up

da
te
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 c

om
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et
e 
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le
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).
  T

he
 m
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n 
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ce

pt
io

n 
to

 th
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 w
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n 

an
al

lo
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ti
on
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ur
s 

w
hi
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 a

 p
en

di
ng

 a
ll

oc
at

io
n 

de
pe

nd
en
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r 

th
e 

sa
m

e 
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k
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 r
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.  
T

hi
s 

ca
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an
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ed
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 th
e 

m
ai

n 
al

lo
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ti
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 d
ep

en
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y

se
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p 
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ed

ur
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m
ed

ia
te
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 f
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ei

ng
 th

e 
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 f

ra
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en
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.
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e 

in
-m

em
or

y
co

py
 o

f 
th

e 
in

od
e 

bl
oc

k.
  A

 p
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 d
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re
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 b
lo

ck
 p

oi
nt

er
 w

it
hi

n 
in

od
e 

*/
in

t n
ew

bl
kn

o;
/*

 d
is

k 
bl

oc
k 

nu
m

be
r 

be
in

g 
ad

de
d 

*/
in

t o
ld

bl
kn

o;
/*

 p
re

vi
ou

s 
va

lu
e 

of
 p

oi
nt

er
, 0

 u
nl

es
s 

fr
ag

m
en

t *
/

in
t n

ew
si

ze
;

/*
 n

ew
 s

iz
e 

of
 f

il
e 

*/
in

t o
ld

si
ze

;
/*

 o
ld

 s
iz

e 
of

 f
il

e 
*/

st
ru

ct
 b

uf
 *

bp
;

/*
 b

p 
fo

r 
in

di
re

ct
 b

lo
ck

, i
f 

no
t a

 f
il

e 
pa

ge
 *

/
so

ft
de

p 
*b

it
m

ap
de

p;
/*

 f
ro

m
 c

or
re

sp
on

di
ng

 f
re

em
ap

 u
pd

at
e 

*/
{

so
ft

de
p 

*p
de

p 
=

 s
of

td
ep

_a
ll

oc
at

e(
);

so
ft

de
p 

*i
de

p 
=

 s
of

td
ep

_a
ll

oc
at

e(
);

so
ft

de
p 

*p
ag

ed
ep

;
so

ft
de

p 
*i

no
de

de
p;

so
ft

de
p 

*e
xt

ra
;

so
ft

de
p 

*t
m

p;
in

t f
re

eb
lk

no
 =

 -
1;

in
t f

re
es

iz
e;

so
ft

de
p 

*t
ai

l =
 N

U
L

L
;

if
 (

lb
n 

<
 N

D
A

D
D

R
) 

{ 
   

   
 /*

 N
D

A
D

D
R

 =
 #

 o
f 

di
re

ct
 b

lo
ck

 p
oi

nt
er

s 
in

 in
od

e 
*/

ex
tr

a 
=

 s
of

td
ep

_a
ll

oc
at

e(
);

} id
ep

->
ty

pe
 =

 S
O

F
T

D
E

P
_A

L
L

O
C

D
IR

E
C

T
;

id
ep

->
ar

g[
0]

 =
 V

F
S

_I
D

(i
p)

;
id

ep
->

ar
g[

1]
 =

 I
N

O
D

E
_N

U
M

B
E

R
(i

p)
;

id
ep

->
ar

g[
2]

 =
 lb

n;
id

ep
->

ar
g[

3]
 =

 n
ew

bl
kn

o;
id

ep
->

ar
g[

4]
 =

 o
ld

bl
kn

o;
id

ep
->

ar
g[

5]
 =

 n
ew

si
ze

;
id

ep
->

ar
g[

6]
 =

 o
ld

si
ze

;
id

ep
->

ar
g[

7]
 =

 S
O

F
T

D
E

P
_S

T
A

T
E

_U
N

D
O

N
E

;
id

ep
->

ar
g[

8]
 =

 (
in

t)
 p

de
p;

   
  /

* 
cr

os
s-

re
fe

re
nc

e 
to

 c
or

re
sp

on
di

ng
 s

of
td

ep
 *

/
pd

ep
->

ty
pe

 =
 S

O
F

T
D

E
P

_A
L

L
O

C
S

A
F

E
;

pd
ep

->
ar

g[
0]

 =
 D

E
V

IC
E

_N
U

M
B

E
R

(i
p)

;
pd

ep
->

ar
g[

1]
 =

 F
S

_I
D

(i
p)

;
pd

ep
->

ar
g[

2]
 =

 (
in

t)
 id

ep
;  

   
/*

 c
ro

ss
-r

ef
er

en
ce

 to
 c

or
re

sp
on

di
ng

 s
of

td
ep

 *
/

bi
tm

ap
de

p-
>

ar
g[

0]
 =

 D
E

V
IC

E
_N

U
M

B
E

R
(i

p)
;

bi
tm

ap
de

p-
>

ar
g[

1]
 =

 F
S

_I
D

(i
p)

;

in
od

ed
ep

 =
 s

of
td

ep
_g

et
_s

of
td

ep
(V

F
S

_I
D

(i
p)

, I
N

O
D

E
_N

U
M

B
E

R
(i

p)
, -

1)
;

id
ep

->
li

st
ta

il
 =

 (
so

ft
de

p 
**

) 
&

in
od

ed
ep

->
ar

g[
5]

;
pd

ep
->

ar
g[

4]
 =

 (
in

t)
 &

in
od

ed
ep

->
ar

g[
4]

;
if

 (
bi

tm
ap

de
p-

>
li

st
ta

il
 =

=
 &

so
ft

de
p_

co
m

pl
et

ed
_b

it
m

ap
de

ps
) 

{
so

ft
de

p_
re

m
ov

ef
ro

m
li

st
(b

it
m

ap
de

p)
;

so
ft

de
p_

de
al

lo
ca

te
(b

it
m

ap
de

p)
;

pd
ep

->
ar

g[
6]

 =
 0

;
} 

el
se

 {
bi

tm
ap

de
p-

>
ar

g[
2]

 =
 (

in
t)

 id
ep

;
bi

tm
ap

de
p-

>
ar

g[
4]

 =
 (

in
t)

 &
in

od
ed

ep
->

ar
g[

4]
;

bi
tm

ap
de

p-
>

ar
g[

6]
 =

 (
in

t)
 p

de
p;

  /
* 

A
L

L
O

C
S

A
F

E
 a

nd
 B

IT
M

A
P

D
E

P
 *

/
pd

ep
->

ar
g[

6]
 =

 (
in

t)
 b

it
m

ap
de

p;
  /

* 
ar

e 
cr

os
s-

re
fe

re
nc

ed
 a

nd
 *

/
/*

 tr
ea

te
d 

id
en

ti
ca

ll
y 

*/
} if

 (
lb

n 
>

=
 N

D
A

D
D

R
) 

{ 
   

   
   

   
   

   
/*

 I
f 

al
lo

ca
ti

ng
 a

n 
in

di
re

ct
 b

lo
ck

 *
/

pd
ep

->
li

st
ta

il
 =

 &
bp

->
b_

de
p;

} 
el

se
 {

pa
ge

de
p 

=
 s

of
td

ep
_l

oc
ke

d_
ge

t_
so

ft
de

p(
V

F
S

_I
D

(i
p)

, I
N

O
D

E
_N

U
M

B
E

R
(i

p)
, l

bn
, e

xt
ra

);
pd

ep
->

li
st

ta
il

 =
 (

so
ft

de
p 

**
) 

&
pa

ge
de

p-
>

ar
g[

4]
;

if
 (

tm
p 

=
 (

so
ft

de
p 

*)
 in

od
ed

ep
->

ar
g[

5]
) 

{
al

lo
cd

ir
ec

t_
ch

ec
k:

ta
il

 =
 tm

p;
do

 { if
 (

tm
p-

>
ar

g[
2]

 =
=

 lb
n)

 {
/*

 if
 p

en
di

ng
 f

ra
gm

en
t a

ll
oc

at
io

n 
fo

r 
sa

m
e 

lb
n 

*/
so

ft
de

p_
re

m
ov

ef
ro

m
li

st
(t

m
p)

;
if

 (
(i

de
p-

>
ar

g[
4]

 !
=

 tm
p-

>
ar

g[
3]

) 
|| 

(l
bn

 >
=

 N
D

A
D

D
R

))
 {

L
O

G
_E

R
R

O
R

("
N

on
-m

at
ch

in
g 

ne
w

 a
nd

 o
ld

 b
lk

no
s 

in
 s

of
td

ep
_s

et
up

_a
ll

oc
di

re
ct

: 
%

d 
!=

 %
d\

n"
, i

de
p-

>
ar

g[
4]

, t
m

p-
>

ar
g[

3]
);

IN
D

U
C

E
_F

A
U

L
T

()
;

} if
 (

tm
p-

>
ar

g[
8]

) 
{

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(t
m

p-
>

ar
g[

8]
);

if
 (

((
so

ft
de

p 
*)

tm
p-

>
ar

g[
8]

)-
>

ar
g[

6]
) 

{
so

ft
de

p_
re

m
ov

ef
ro

m
li

st
((

(s
of

td
ep

 *
)t

m
p-

>
ar

g[
8]

)-
>

ar
g[

6]
);

so
ft

de
p_

de
al

lo
ca

te
((

(s
of

td
ep

 *
)t

m
p-

>
ar

g[
8]

)-
>

ar
g[

6]
);

} so
ft

de
p_

de
al

lo
ca

te
(t

m
p-

>
ar

g[
8]

);
} if

 (
tm

p-
>

ar
g[

7]
 !

=
 S

O
F

T
D

E
P

_S
T

A
T

E
_C

O
M

P
L

E
T

E
) 

{
id

ep
->

ar
g[

4]
 =

 tm
p-

>
ar

g[
4]

;
id

ep
->

ar
g[

6]
 =

 tm
p-

>
ar

g[
6]

;
if

 (
ne

w
bl

kn
o 

!=
 tm

p-
>

ar
g[

3]
) 

{
in

t t
m

ps
iz

e 
=

 F
S

_B
L

O
C

K
_S

IZ
E

(F
S

_I
D

(i
p)

) 
- 

((
tm

p-
>

ar
g[

3]
 -

 F
S

_B
L

K
S

T
O

F
R

A
G

S
(F

S
_I

D
(i

p)
, F

S
_F

R
A

G
S

T
O

B
L

K
S

(F
S

_I
D

(i
p)

, t
m

p-
>

ar
g[

3]
))

) 
* 

F
S

_F
R

A
G

_S
IZ

E
(F

S
_I

D
(i

p)
))

;
fr

ee
bl

kn
o 

=
 tm

p-
>

ar
g[

3]
;

fr
ee

si
ze

 =
 F

S
_F

R
A

G
R

O
U

N
D

U
P

(F
S

_I
D

(i
p)

, F
S

_S
IZ

E
O

F
B

L
O

C
K

(F
S

_I
D

(i
p)

, t
m

p-
>

ar
g[

5]
, l

bn
))

;
fr

ee
si

ze
 =

 (
fr

ee
si

ze
 >

 tm
ps

iz
e)

 ?
 tm

ps
iz

e 
: f

re
es

iz
e;

if
 (

tm
p-

>
ar

g[
3]

 =
=

 tm
p-

>
ar

g[
4]

) 
{

/*
 r

em
ov

e 
on

ly
 th

e 
ex

te
nd

ed
 p

ar
t o

f 
th

e 
pr

ev
io

us
 f

ra
g 

*/

£��



ap
pe

nd
ix

95
/0

7/
27

15
:1

2:
17

11
tm

ps
iz

e 
=

 F
S

_F
R

A
G

R
O

U
N

D
U

P
(F

S
_I

D
(i

p)
, F

S
_S

IZ
E

O
F

B
L

O
C

K
(F

S
_I

D
(i

p)
, 

tm
p-

>
ar

g[
6]

, l
bn

))
;

fr
ee

bl
kn

o 
+

=
 F

S
_F

R
A

G
C

N
T

(F
S

_I
D

(i
p)

, t
m

ps
iz

e)
;

fr
ee

si
ze

 -
=

 tm
ps

iz
e;

}
}

} so
ft

de
p_

de
al

lo
ca

te
(t

m
p)

;
ta

il
 =

 (
so

ft
de

p 
*)

 -
1;

br
ea

k;
} tm

p 
=

 tm
p-

>
ne

xt
;

} 
w

hi
le

 (
tm

p 
!=

 ta
il

);
} if

 (
(t

ai
l !

=
 (

so
ft

de
p 

*)
 -

1)
 &

&
 (

in
od

ed
ep

->
ar

g[
6]

) 
&

&
 (

in
od

ed
ep

->
ar

g[
6]

 !
=

 (
in

t)
 ta

il
))

 {
tm

p 
=

 (
so

ft
de

p 
*)

 in
od

ed
ep

->
ar

g[
6]

;
go

to
 a

ll
oc

di
re

ct
_c

he
ck

;
}

} so
ft

de
p_

ap
pe

nd
to

li
st

(i
de

p)
;

so
ft

de
p_

ap
pe

nd
to

li
st

(p
de

p)
;

F
R

E
E

_L
O

C
K

;
if

 (
fr

ee
bl

kn
o 

!=
 -

1)
 {

U
F

S
_B

L
O

C
K

_D
E

A
L

L
O

C
A

T
E

(i
p,

 f
re

eb
lk

no
, f

re
es

iz
e)

;
}

} /*
 th

is
 w

or
ki

te
m

, w
hi

ch
 is

 c
on

st
ru

ct
ed

 in
 la

te
r 

pr
oc

ed
ur

es
,

*/
/*

 d
e-

al
lo

ca
te

s 
fr

ag
m

en
ts

 th
at

 w
er

e 
re

pl
ac

ed
 d

ur
in

g 
fi

le
 b

lo
ck

*/
/*

 a
ll

oc
at

io
n.

*/
vo

id
 s

of
td

ep
_h

an
dl

e_
w

or
ki

te
m

_f
re

ef
ra

g(
w

or
k)

so
ft

de
p 

*w
or

k;
{

st
ru

ct
 in

od
e 

ti
p;

in
t f

re
es

iz
e 

=
 F

S
_F

R
A

G
R

O
U

N
D

U
P

(w
or

k-
>

ar
g[

1]
, F

S
_S

IZ
E

O
F

B
L

O
C

K
(w

or
k-

>
ar

g[
1]

, w
o

rk
->

ar
g[

3]
, w

or
k-

>
ar

g[
5]

))
;

D
E

V
IC

E
_N

U
M

B
E

R
(&

ti
p)

 =
 w

or
k-

>
ar

g[
0]

;
F

S
_I

D
(&

ti
p)

 =
 w

or
k-

>
ar

g[
1]

;
U

F
S

_B
L

O
C

K
_D

E
A

L
L

O
C

A
T

E
(&

ti
p,

 w
or

k-
>

ar
g[

2]
, f

re
es

iz
e)

;
}

13
. I

nd
ir

ec
t b

lo
ck

 a
ll

oc
at

io
n 

de
pe

nd
en

ci
es

T
he

 s
am

e 
de

pe
nd

en
ci

es
 e

xi
st

 w
he

n 
a 

ne
w

 b
lo

ck
 is

 a
ll

oc
at

ed
 a

nd
 p

oi
nt

ed
 to

 b
y

an
 e

nt
ry

 in
 a

 b
lo

ck
 o

f 
in

di
re

ct
 p

oi
nt

er
s.

  T
he

 u
nd

o/
re

do
 s

ta
te

s 
de

sc
ri

be
d

ab
ov

e 
(#

12
) 

ar
e 

al
so

 u
se

d 
he

re
.  

B
ec

au
se

 a
n 

in
di

re
ct

 b
lo

ck
 c

on
ta

in
s 

m
an

y
po

in
te

rs
 th

at
 m

ay
 h

av
e 

de
pe

nd
en

ci
es

, a
 s

ec
on

d 
co

py
 o

f 
th

e 
en

ti
re

 in
-m

em
or

y
in

di
re

ct
 b

lo
ck

 is
 k

ep
t. 

 T
he

 b
uf

fe
r 

ca
ch

e 
co

py
 is

 a
lw

ay
s 

co
m

pl
et

el
y 

up
-t

o-
da

te
.

T
he

 s
ec

on
d 

co
py

, w
hi

ch
 is

 u
se

d 
on

ly
 a

s 
a 

so
ur

ce
 f

or
 d

is
k 

w
ri

te
s,

 c
on

ta
in

s
on

ly
 th

e 
sa

fe
 p

oi
nt

er
s 

(i
.e

., 
th

os
e 

th
at

 h
av

e 
no

 r
em

ai
ni

ng
 u

pd
at

e 
de

pe
nd

en
ci

es
).

T
he

 s
ec

on
d 

co
py

 is
 f

re
ed

 w
he

n 
al

l p
oi

nt
er

s 
ar

e 
sa

fe
.  

U
nl

ik
e 

w
it

h 
fi

le
 p

ag
es

,
w

e 
do

 n
ot

 a
ll

ow
 th

e 
ca

ch
e 

to
 r

ep
la

ce
 in

di
re

ct
 b

lo
ck

s 
w

it
h 

pe
nd

in
g 

up
da

te
de

pe
nd

en
ci

es
.  

T
hr

ee
 p

ro
ce

du
re

s 
ar

e 
us

ed
 w

he
n 

se
tt

in
g 

up
 in

di
re

ct
 b

lo
ck

po
in

te
r 

de
pe

nd
en

ci
es

.  
T

he
 d

iv
is

io
n 

is
 n

ec
es

sa
ry

 b
ec

au
se

 o
f 

th
e 

or
ga

ni
za

ti
on

of
 th

e 
"b

m
ap

" 
ro

ut
in

e 
an

d 
be

ca
us

e 
of

 th
e 

di
st

in
ct

io
n 

be
tw

ee
n 

fi
le

 p
ag

es
 a

nd
ot

he
r 

fi
le

 s
ys

te
m

 b
lo

ck
s.

/*
 C

al
le

d 
ju

st
 b

ef
or

e 
se

tt
in

g 
an

 in
di

re
ct

 b
lo

ck
 p

oi
nt

er
 to

 a
*/

/*
 n

ew
ly

 a
ll

oc
at

ed
 f

il
e 

pa
ge

.
*/

so
ft

de
p 

* 
so

ft
de

p_
se

tu
p_

al
lo

ci
nd

ir
_p

ha
se

1(
ip

, l
bn

)
st

ru
ct

 in
od

e 
*i

p;
/*

 in
od

e 
fo

r 
fi

le
 b

ei
ng

 e
xt

en
de

d 
*/

in
t l

bn
;

/*
 a

ll
oc

at
ed

 b
lo

ck
 n

um
be

r 
w

it
hi

n 
fi

le
 *

/
{

so
ft

de
p 

*b
de

p 
=

 s
of

td
ep

_a
ll

oc
at

e(
);

so
ft

de
p 

*p
de

p 
=

 s
of

td
ep

_a
ll

oc
at

e(
);

so
ft

de
p 

*p
ag

ed
ep

;

pd
ep

->
ty

pe
 =

 S
O

F
T

D
E

P
_A

L
L

O
C

S
A

F
E

;
pd

ep
->

ar
g[

2]
 =

 (
in

t)
 b

de
p;

pd
ep

->
ar

g[
6]

 =
 0

;
bd

ep
->

ty
pe

 =
 S

O
F

T
D

E
P

_A
L

L
O

C
IN

D
IR

E
C

T
;

bd
ep

->
ar

g[
7]

 =
 S

O
F

T
D

E
P

_S
T

A
T

E
_U

N
D

O
N

E
;

bd
ep

->
ar

g[
8]

 =
 (

in
t)

 p
de

p;
pa

ge
de

p 
=

 s
of

td
ep

_g
et

_s
of

td
ep

(V
F

S
_I

D
(i

p)
, I

N
O

D
E

_N
U

M
B

E
R

(i
p)

, l
bn

);
pd

ep
->

li
st

ta
il

 =
 (

so
ft

de
p 

**
) 

&
pa

ge
de

p-
>

ar
g[

4]
;

so
ft

de
p_

ap
pe

nd
to

li
st

(p
de

p)
;

F
R

E
E

_L
O

C
K

;
re

tu
rn

(b
de

p)
;

} /*
 C

al
le

d 
ju

st
 b

ef
or

e 
se

tt
in

g 
an

 in
di

re
ct

 b
lo

ck
 p

oi
nt

er
 to

 a
*/

/*
 n

ew
ly

 a
ll

oc
at

ed
 in

di
re

ct
 b

lo
ck

.
*/

so
ft

de
p 

* 
so

ft
de

p_
se

tu
p_

al
lo

ci
nd

ir
_p

ha
se

1a
(b

p)
st

ru
ct

 b
uf

 *
bp

;
/*

 n
ew

ly
 a

ll
oc

at
ed

 in
di

re
ct

 b
lo

ck
 *

/
{

so
ft

de
p 

*b
de

p 
=

 s
of

td
ep

_a
ll

oc
at

e(
);

so
ft

de
p 

*p
de

p 
=

 s
of

td
ep

_a
ll

oc
at

e(
);

so
ft

de
p 

*p
ag

ed
ep

;

pd
ep

->
ty

pe
 =

 S
O

F
T

D
E

P
_A

L
L

O
C

S
A

F
E

;
pd

ep
->

ar
g[

2]
 =

 (
in

t)
 b

de
p;

pd
ep

->
ar

g[
6]

 =
 0

;
bd

ep
->

ty
pe

 =
 S

O
F

T
D

E
P

_A
L

L
O

C
IN

D
IR

E
C

T
;

bd
ep

->
ar

g[
7]

 =
 S

O
F

T
D

E
P

_S
T

A
T

E
_U

N
D

O
N

E
;

bd
ep

->
ar

g[
8]

 =
 (

in
t)

 p
de

p;
pd

ep
->

li
st

ta
il

 =
 &

bp
->

b_
de

p;
A

C
Q

U
IR

E
_L

O
C

K
;

so
ft

de
p_

ap
pe

nd
to

li
st

(p
de

p)
;

F
R

E
E

_L
O

C
K

;
re

tu
rn

(b
de

p)
;

}

£ j



ap
pe

nd
ix

95
/0

7/
27

15
:1

2:
17

12
/*

 c
al

le
d 

af
te

r 
se

tt
in

g 
ne

w
 in

di
re

ct
 b

lo
ck

 p
oi

nt
er

 b
ut

 b
ef

or
e

*/
/*

 f
re

ei
ng

 th
e 

bp
 r

ep
re

se
nt

in
g 

th
e 

in
di

re
ct

 b
lo

ck
 it

se
lf

 (
sa

m
e

*/
/*

 p
ro

ce
du

re
 f

or
 b

ot
h 

ne
w

 f
il

e 
pa

ge
s 

an
d 

ne
w

 in
di

re
ct

 b
lo

ck
s)

.
*/

/*
 "

de
p"

 s
ho

ul
d 

be
 th

e 
va

lu
e 

re
tu

rn
ed

 b
y 

th
e 

ph
as

e1
[a

] 
ro

ut
in

e
*/

/*
 c

al
le

d 
pr

ev
io

us
ly

.
*/

vo
id

 s
of

td
ep

_s
et

up
_a

ll
oc

in
di

r_
ph

as
e2

(b
p,

 lb
n,

 b
lk

no
, b

si
ze

, d
ep

)
st

ru
ct

 b
uf

 *
bp

;
/*

 b
p 

fo
r 

th
e 

in
-m

em
or

y 
co

py
 o

f 
th

e 
in

di
re

ct
 b

lo
ck

 *
/

in
t p

tr
no

;
/*

 o
ff

se
t o

f 
po

in
te

r 
in

 in
di

re
ct

 b
lo

ck
 *

/
in

t b
lk

no
;

/*
 n

ew
 v

al
ue

 f
or

 p
oi

nt
er

 (
ol

d 
va

lu
e 

is
 0

) 
*/

in
t b

si
ze

;
/*

 n
ew

 s
iz

e 
of

 p
oi

nt
ed

 to
 b

lo
ck

 (
ol

d 
va

lu
e 

is
 0

) 
*/

so
ft

de
p 

*d
ep

;
/*

 th
e 

de
p 

st
ru

ct
ur

e 
re

tu
rn

ed
 b

y 
a 

ph
as

e1
[a

] 
ro

ut
in

e 
*/

so
ft

de
p 

*b
it

m
ap

de
p;

 /*
 f

ro
m

 th
e 

co
rr

es
po

nd
in

g 
bi

tm
ap

 u
pd

at
e 

*/
{

so
ft

de
p 

*n
ew

 =
 N

U
L

L
;

so
ft

de
p 

*t
m

p;
so

ft
de

p 
*i

nd
ir

de
p 

=
 N

U
L

L
;

de
p-

>
ar

g[
0]

 =
 B

U
F

_D
E

V
IC

E
_N

U
M

B
E

R
(b

p)
;

/*
 T

he
se

 tw
o 

va
lu

es
 u

ni
qu

el
y 

id
en

ti
fy

  *
/

de
p-

>
ar

g[
1]

 =
 B

U
F

_A
D

D
R

_I
N

_D
E

V
IC

E
(b

p)
; /

* 
a 

de
vi

ce
 b

lo
ck

 a
s 

ad
dr

es
se

d 
by

 a
 b

p 
*/

de
p-

>
ar

g[
2]

 =
 p

tr
no

;
de

p-
>

ar
g[

3]
 =

 b
lk

no
;

de
p-

>
ar

g[
5]

 =
 b

si
ze

;
w

hi
le

 (
1)

 {
A

C
Q

U
IR

E
_L

O
C

K
;

if
 (

tm
p 

=
 b

p-
>

b_
de

p)
 {

do
 { if
 (

tm
p-

>
ty

pe
 =

=
 S

O
F

T
D

E
P

_I
N

D
IR

D
E

P
) 

{
in

di
rd

ep
 =

 tm
p;

br
ea

k;
} tm

p 
=

 tm
p-

>
ne

xt
;

} 
w

hi
le

 (
tm

p 
!=

 b
p-

>
b_

de
p)

;
} if

 (
(i

nd
ir

de
p 

=
=

 N
U

L
L

) 
&

&
 (

ne
w

))
 {

in
di

rd
ep

 =
 n

ew
;

so
ft

de
p_

ap
pe

nd
to

li
st

(i
nd

ir
de

p)
;

ne
w

 =
 N

U
L

L
;

} if
 (

in
di

rd
ep

) 
{

if
 (

bi
tm

ap
de

p-
>

la
st

ta
il

 =
=

 &
so

ft
de

p_
co

m
pl

et
ed

_b
it

m
ap

de
ps

) 
{

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(b
it

m
ap

de
p)

;
so

ft
de

p_
de

al
lo

ca
te

(b
it

m
ap

de
p)

;
if

 (
de

p-
>

ar
g[

7]
 =

=
 S

O
F

T
D

E
P

_S
T

A
T

E
_C

O
M

P
L

E
T

E
) 

{
so

ft
de

p_
de

al
lo

ca
te

(d
ep

);
br

ea
k;

}
} 

el
se

 {
bi

tm
ap

de
p-

>
ar

g[
2]

 =
 (

in
t)

 d
ep

;
bi

tm
ap

de
p-

>
ar

g[
6]

 =
 d

ep
->

ar
g[

8]
;

if
 (

bi
tm

ap
de

p-
>

ar
g[

6]
) 

{

((
so

ft
de

p 
*)

bi
tm

ap
de

p-
>

ar
g[

6]
)-

>
ar

g[
6]

 =
 (

in
t)

 b
it

m
ap

de
p;

} 
el

se
 {

de
p-

>
ar

g[
8]

 =
 (

in
t)

 b
it

m
ap

de
p;

de
p-

>
ar

g[
7]

 =
 S

O
F

T
D

E
P

_S
T

A
T

E
_U

N
D

O
N

E
;

}
} de

p-
>

ar
g[

4]
 =

 in
di

rd
ep

->
ar

g[
4]

;
de

p-
>

li
st

ta
il

 =
 (

so
ft

de
p 

**
) 

&
in

di
rd

ep
->

ar
g[

3]
;

so
ft

de
p_

ap
pe

nd
to

li
st

(d
ep

);
((

in
t *

) 
in

di
rd

ep
->

ar
g[

4]
)[

(d
ep

->
ar

g[
2]

)]
 =

 0
;

} if
 (

ne
w

) 
{

tm
p 

=
 (

so
ft

de
p 

*)
 n

ew
->

ar
g[

4]
;

so
ft

de
p_

de
al

lo
ca

te
(n

ew
);

ne
w

 =
 tm

p;
} F

R
E

E
_L

O
C

K
;

if
 (

in
di

rd
ep

) 
{

br
ea

k;
} ne

w
 =

 s
of

td
ep

_a
ll

oc
at

e(
);

ne
w

->
ty

pe
 =

 S
O

F
T

D
E

P
_I

N
D

IR
D

E
P

;
ne

w
->

ar
g[

0]
 =

 B
U

F
_D

E
V

IC
E

_N
U

M
B

E
R

(b
p)

;
ne

w
->

ar
g[

1]
 =

 s
of

td
ep

->
ar

g[
1]

;  
 /*

 a
dd

re
ss

  o
n 

de
vi

ce
 *

/
ne

w
->

ar
g[

2]
 =

 B
U

F
_M

E
M

O
R

Y
_B

L
O

C
K

(b
p)

;
ne

w
->

ar
g[

3]
 =

 N
U

L
L

;
ne

w
->

ar
g[

4]
 =

 K
E

R
N

E
L

_M
E

M
O

R
Y

_A
L

L
O

C
A

T
E

(B
U

F
_B

L
O

C
K

_S
IZ

E
(b

p)
);

ne
w

->
li

st
ta

il
 =

 &
bp

->
b_

de
p;

B
L

O
C

K
C

O
P

Y
(/

* 
fr

om
 *

/ n
ew

->
ar

g[
2]

, /
* 

to
 *

/ n
ew

->
ar

g[
4]

, B
U

F
_B

L
O

C
K

_S
IZ

E
(b

p)
);

} if
 (

ne
w

) 
{

K
E

R
N

E
L

_M
E

M
O

R
Y

_D
E

A
L

L
O

C
A

T
E

(n
ew

, B
U

F
_B

L
O

C
K

_S
IZ

E
(b

p)
);

}
}
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lo
ck

 d
e-

al
lo

ca
ti

on
 d

ep
en

de
nc

ie
s

W
he

n 
bl

oc
ks

 a
re

 d
e-

al
lo

ca
te

d,
 th

e 
on

-d
is

k 
po

in
te

rs
 m

us
t b

e 
nu

ll
if

ie
d 

be
fo

re
th

e 
bl

oc
ks

 a
re

 m
ad

e 
av

ai
la

bl
e 

fo
r 

us
e 

by
 o

th
er

 f
il

es
.  

(T
he

 tr
ue

 r
eq

ui
re

m
en

t
is

 th
at

 o
ld

 p
oi

nt
er

s 
m

us
t b

e 
nu

ll
if

ie
d 

be
fo

re
 n

ew
 o

n-
di

sk
 p

oi
nt

er
s 

ar
e 

se
t.

W
e 

ch
os

e 
th

is
 s

li
gh

tl
y 

m
or

e 
st

ri
ng

en
t r

eq
ui

re
m

en
t t

o 
re

du
ce

 c
om

pl
ex

it
y.

)
O

ur
 im

pl
em

en
ta

ti
on

 h
an

dl
es

 th
is

 d
ep

en
de

nc
y 

by
 u

pd
at

in
g 

th
e 

in
od

e 
(o

r 
in

di
re

ct
bl

oc
k)

 a
pp

ro
pr

ia
te

ly
 b

ut
 d

el
ay

in
g 

th
e 

ac
tu

al
 b

lo
ck

 d
e-

al
lo

ca
ti

on
 (

i.e
., 

fr
ee

m
ap

an
d 

fr
ee

 s
pa

ce
 c

ou
nt

 m
an

ip
ul

at
io

n)
 u

nt
il

 a
ft

er
 th

e 
up

da
te

d 
ve

rs
io

ns
 r

ea
ch

 s
ta

bl
e

st
or

ag
e.

  A
ft

er
 th

e 
di

sk
 is

 u
pd

at
ed

, t
he

 b
lo

ck
s 

ca
n 

be
 s

af
el

y 
de

-a
ll

oc
at

ed
w

he
ne

ve
r 

it
 is

 c
on

ve
ni

en
t. 

 O
ur

 e
xp

er
im

en
ta

l s
of

t u
pd

at
es

 im
pl

em
en

ta
ti

on
(a

nd
 th

er
ef

or
e 

th
e 

co
de

 b
el

ow
) 

ha
nd

le
s 

on
ly

 th
e 

co
m

m
on

 c
as

e 
of

 r
ed

uc
in

g
a 

fi
le

’s
 le

ng
th

 to
 z

er
o.

  O
th

er
 c

as
es

 a
re

 h
an

dl
ed

 b
y 

th
e 

co
nv

en
ti

on
al

sy
nc

hr
on

ou
s 

w
ri

te
 a

pp
ro

ac
h.

  T
he

 e
xt

en
si

on
 to

 p
ar

ti
al

 f
il

e 
tr

un
ca

ti
on

sh
ou

ld
 b

e 
st

ra
ig

ht
-f

or
w

ar
d.
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A

n 
al

te
rn

at
iv

e 
ve

rs
io

n 
of

 th
e 

de
pe

nd
en

cy
 s

tr
uc

tu
re

 is
 u

se
d 

to
 m

ai
nt

ai
n

co
pi

es
 o

f 
th

e 
bl

oc
k 

nu
m

be
rs

 to
 b

e 
fr

ee
d:

ty
pe

de
f 

st
ru

ct
 {

in
t e

xt
en

d[
16

];
} 

so
ft

de
p_

ex
te

ns
io

n;

/*
 T

hi
s 

ro
ut

in
e 

sh
ou

ld
 b

e 
ca

ll
ed

 f
ro

m
 th

e 
ro

ut
in

e 
th

at
 s

ho
rt

en
s

*/
/*

 a
 f

il
e’

s 
le

ng
th

, b
ef

or
e 

th
e 

in
od

e’
s 

si
ze

 o
r 

bl
oc

k 
po

in
te

rs
*/

/*
 a

re
 m

od
if

ie
d.

*/
in

t *
 s

of
td

ep
_s

et
up

_f
re

eb
lo

ck
s_

ph
as

e1
(i

p,
 le

ng
th

)
st

ru
ct

 in
od

e 
*i

p;
/*

 T
he

 in
od

e 
w

ho
se

 le
ng

th
 is

 to
 b

e 
re

du
ce

d 
*/

in
t l

en
gt

h;
/*

 T
he

 n
ew

 le
ng

th
 f

or
 th

e 
fi

le
 *

/
{

so
ft

de
p 

*n
ew

 =
 s

of
td

ep
_a

ll
oc

at
e(

);
so

ft
de

p_
ex

te
ns

io
n 

*f
re

ed
ep

 =
 (

so
ft

de
p_

ex
te

ns
io

n 
*)

 s
of

td
ep

_a
ll

oc
at

e(
);

in
t i

;

ne
w

->
ty

pe
 =

 G
A

N
G

E
R

_S
O

F
T

D
E

P
_F

R
E

E
B

L
O

C
K

S
;

ne
w

->
li

st
ta

il
 =

 N
U

L
L

;
ne

w
->

ar
g[

0]
 =

 I
N

O
D

E
_N

U
M

B
E

R
(i

p)
;

ne
w

->
ar

g[
1]

 =
 D

E
V

IC
E

_N
U

M
B

E
R

(i
p)

;
ne

w
->

ar
g[

2]
 =

 F
S

_I
D

(i
p)

;
ne

w
->

ar
g[

3]
 =

 F
IL

E
_S

IZ
E

(i
p)

;
ne

w
->

ar
g[

4]
 =

 le
ng

th
;

ne
w

->
ar

g[
7]

 =
 V

F
S

_I
D

(i
p)

;
fo

r 
(i

=
0;

 i<
N

D
A

D
D

R
; i

+
+

) 
{

/*
 c

op
y 

th
e 

di
re

ct
 b

lo
ck

 p
oi

nt
er

s 
*/

fr
ee

de
p-

>
ex

te
nd

[i
] 

=
 D

IR
E

C
T

_B
L

O
C

K
_P

O
IN

T
E

R
(i

p,
 i)

;
} fo

r 
(i

=
0;

 i<
N

IA
D

D
R

; i
+

+
) 

{
/*

 c
op

y 
th

e 
in

di
re

ct
 b

lo
ck

 p
oi

nt
er

s 
*/

fr
ee

de
p-

>
ex

te
nd

[(
i +

 N
D

A
D

D
R

)]
 =

 I
N

D
IR

E
C

T
_B

L
O

C
K

_P
O

IN
T

E
R

(i
p,

 i)
;

} ne
w

->
ar

g[
6]

 =
 (

in
t)

 f
re

ed
ep

;
re

tu
rn

((
in

t *
) 

ne
w

);
} /*

 T
hi

s 
ro

ut
in

e 
sh

ou
ld

 b
e 

ca
ll

ed
 im

m
ed

ia
te

ly
 a

ft
er

 th
e 

in
-m

em
or

y
*/

/*
 in

od
e 

bl
oc

k 
ha

s 
be

en
 u

pd
at

ed
, b

ut
 b

ef
or

e 
it

 is
 r

el
ea

se
d 

(t
hi

s
*/

/*
 r

eq
ui

re
d 

m
od

if
ic

at
io

n 
of

 th
e 

in
od

e 
bl

oc
k 

up
da

te
 r

ou
ti

ne
) 

an
d

*/
/*

 b
ef

or
e 

an
y 

fi
le

 b
lo

ck
s 

ar
e 

ac
tu

al
ly

 d
e-

al
lo

ca
te

d 
ba

ck
 to

 th
e

*/
/*

 f
il

e 
sy

st
em

.  
A

ft
er

 th
is

 p
ro

ce
du

re
 th

e 
fi

le
 le

ng
th

 r
ed

uc
ti

on
*/

/*
 r

ou
ti

ne
 s

ho
ul

d 
re

le
as

e 
th

e 
in

-m
em

or
y 

in
od

e 
bl

oc
k 

an
d 

re
tu

rn
*/

/*
 to

 it
s 

ca
ll

er
.  

T
he

 b
lo

ck
s 

w
il

l b
e 

de
-a

ll
oc

at
ed

 b
ac

k 
to

 th
e

*/
/*

 f
il

e 
sy

st
em

 b
y 

su
bs

eq
ue

nt
 s

of
t u

pd
at

es
 c

od
e.

  G
et

ti
ng

 th
e

*/
/*

 th
ir

d 
pa

ra
m

et
er

 h
er

e 
re

qu
ir

ed
 a

dd
in

g 
a 

pa
ra

m
et

er
 to

 th
e 

fi
le

*/
/*

 tr
un

ca
ti

on
 r

ou
ti

ne
.

*/
vo

id
 s

of
td

ep
_s

et
up

_f
re

eb
lo

ck
s_

ph
as

e2
(i

p,
 d

ep
, d

el
)

st
ru

ct
 in

od
e 

*i
p;

/*
 T

he
 in

od
e 

w
ho

se
 le

ng
th

 h
as

 b
ee

n 
re

du
ce

d 
*/

so
ft

de
p 

*d
ep

;
/*

 T
he

 v
al

ue
 r

et
ur

ne
d 

by
 p

ha
se

1 
*/

in
t d

el
;

/*
 I

s 
th

e 
in

od
e 

be
in

g 
cl

ea
ne

d 
fo

r 
de

-a
ll

oc
at

io
n?

 *
/

{
so

ft
de

p 
*i

no
de

de
p;

so
ft

de
p 

*i
de

p;
so

ft
de

p 
*t

m
p;

/*
 T

he
 u

fs
 im

pl
em

en
ta

ti
on

 w
it

h 
w

hi
ch

 w
e 

w
or

ke
d 

do
ub

le
-c

he
ck

s 
*/

/*
 th

e 
st

at
e 

of
 th

e 
bl

oc
k 

po
in

te
rs

 a
nd

 f
il

e 
si

ze
 a

s 
it

 r
ed

uc
es

 *
/

/*
 a

 f
il

e’
s 

le
ng

th
.  

S
om

e 
of

 th
is

 c
od

e 
is

 r
ep

li
ca

te
d 

he
re

 in
 *

/
/*

 o
ur

 s
of

t u
pd

at
es

 im
pl

em
en

ta
ti

on
.  

"a
rg

[5
]"

 o
f 

"d
ep

" 
is

 a
ls

o 
*/

/*
 u

se
d 

to
 tr

an
sf

er
 a

 p
ar

t o
f 

th
is

 in
fo

rm
at

io
n 

to
 th

e 
pr

oc
ed

ur
e 

*/
/*

 th
at

 e
ve

nt
ua

ll
y 

de
-a

ll
oc

at
es

 th
e 

bl
oc

ks
. *

/

if
 (

de
l)

 {
/*

 T
hi

s 
se

ts
 u

p 
th

e 
in

od
e 

de
-a

ll
oc

at
io

n 
de

pe
nd

en
cy

 d
es

cr
ib

ed
 *

/
/*

 b
el

ow
 (

#1
7)

. *
/

so
ft

de
p 

*t
m

p 
=

 s
of

td
ep

_a
ll

oc
at

e(
);

tm
p-

>
ty

pe
 =

 S
O

F
T

D
E

P
_F

IL
E

F
R

E
E

;
tm

p-
>

ar
g[

0]
 =

 V
F

S
_I

D
(i

p)
;

tm
p-

>
ar

g[
1]

 =
 I

N
O

D
E

_N
U

M
B

E
R

(i
p)

;
tm

p-
>

ar
g[

2]
 =

 D
E

V
IC

E
_N

U
M

B
E

R
(i

p)
;

tm
p-

>
ar

g[
3]

 =
 F

S
_I

D
(i

p)
;

} in
od

ed
ep

 =
 s

of
td

ep
_g

et
_s

of
td

ep
(V

F
S

_I
D

(i
p)

, I
N

O
D

E
_N

U
M

B
E

R
(i

p)
, -

1)
;

w
hi

le
 (

(i
de

p 
=

 (
so

ft
de

p 
*)

 in
od

ed
ep

->
ar

g[
5]

) 
|| 

(i
de

p 
=

 (
so

ft
de

p 
*)

 in
od

ed
ep

->
ar

g[
6]

))
 {

/*
 b

ec
au

se
 th

e 
fi

le
 le

ng
th

 h
as

 b
ee

n 
tr

un
ca

te
d 

to
 z

er
o,

 a
ny

 *
/

/*
 p

en
di

ng
 b

lo
ck

 a
ll

oc
at

io
n 

de
pe

nd
en

cy
 s

tr
uc

tu
re

s 
as

so
ci

at
ed

 *
/

/*
 w

it
h 

th
is

 in
od

e 
ar

e 
ob

so
le

te
 a

nd
 c

an
 s

im
pl

y 
be

 d
e-

al
lo

ca
te

d.
 *

/
/*

 T
he

 c
or

re
sp

on
di

ng
 "

A
L

L
O

C
S

A
F

E
" 

an
d 

"B
IT

M
A

P
D

E
P

" 
st

ru
ct

ur
es

 *
/

/*
 a

re
 a

ls
o 

de
-a

ll
oc

at
ed

. *
/

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(i
de

p)
;

if
 (

id
ep

->
ty

pe
 =

=
 S

O
F

T
D

E
P

_A
L

L
O

C
D

IR
E

C
T

) 
{

if
 (

id
ep

->
ar

g[
8]

) 
{

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

((
so

ft
de

p 
*)

 id
ep

->
ar

g[
8]

);
if

 (
((

so
ft

de
p 

*)
id

ep
->

ar
g[

8]
)-

>
ar

g[
6]

) 
{

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

((
(s

of
td

ep
 *

)i
de

p-
>

ar
g[

8]
)-

>
ar

g[
6]

);
so

ft
de

p_
de

al
lo

ca
te

((
(s

of
td

ep
 *

)i
de

p-
>

ar
g[

8]
)-

>
ar

g[
6]

);
} so

ft
de

p_
de

al
lo

ca
te

((
so

ft
de

p 
*)

 id
ep

->
ar

g[
8]

);
} if

 (
(i

de
p-

>
ar

g[
4]

 !
=

 0
) 

&
&

 (
id

ep
->

ar
g[

3]
 !

=
 id

ep
->

ar
g[

4]
) 

&
&

 (
id

ep
->

ar
g[

2]
 <

 N
D

A
D

D
R

) 
&

&
 (

id
ep

->
ar

g[
7]

 !
=

 S
O

F
T

D
E

P
_S

T
A

T
E

_C
O

M
P

L
E

T
E

))
 {

/*
 s

et
 u

p 
a 

F
R

E
E

F
R

A
G

 s
tr

uc
tu

re
 f

or
 th

e 
fr

ag
m

en
t t

ha
t w

as
 *

/
/*

 c
lo

bb
er

ed
 b

y 
th

e 
co

rr
es

po
nd

in
g 

al
lo

ca
ti

on
 *

/
id

ep
->

ty
pe

 =
 S

O
F

T
D

E
P

_F
R

E
E

F
R

A
G

;
id

ep
->

ar
g[

0]
 =

 D
E

V
IC

E
_N

U
M

B
E

R
(i

p)
;

id
ep

->
ar

g[
1]

 =
 F

S
_I

D
(i

p)
;

id
ep

->
ar

g[
5]

 =
 id

ep
->

ar
g[

2]
;

id
ep

->
ar

g[
2]

 =
 id

ep
->

ar
g[

4]
;

id
ep

->
ar

g[
3]

 =
 id

ep
->

ar
g[

6]
;

id
ep

->
li

st
ta

il
 =

 (
so

ft
de

p 
**

) 
&

in
od

ed
ep

->
ar

g[
4]

;
so

ft
de

p_
ap

pe
nd

to
li

st
(i

de
p)

;
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} 

el
se

 {
so

ft
de

p_
de

al
lo

ca
te

(i
de

p)
;

}
} 

el
se

 {
L

O
G

_E
R

R
O

R
("

U
nk

no
w

n 
in

od
ed

ep
 a

rg
5 

ty
pe

 in
 s

of
td

ep
_s

et
up

_f
re

eb
lo

ck
s:

 %
d\

n"
, i

de
p

->
ty

pe
);

IN
D

U
C

E
_F

A
U

L
T

()
;

}
} de

p-
>

li
st

ta
il

 =
 (

so
ft

de
p 

**
) 

&
in

od
ed

ep
->

ar
g[

4]
;

so
ft

de
p_

ap
pe

nd
to

li
st

(d
ep

);
if

 (
de

l)
 {

so
ft

de
p 

*p
ag

ed
ep

;
in

t i
;

tm
p-

>
li

st
ta

il
 =

 (
so

ft
de

p 
**

) 
&

in
od

ed
ep

->
ar

g[
4]

;
so

ft
de

p_
ap

pe
nd

to
li

st
(t

m
p)

;
fo

r 
(i

=
0;

 i<
=

m
in

(N
D

A
D

D
R

, B
L

O
C

K
_N

U
M

B
E

R
(i

p,
 F

IL
E

_S
IZ

E
(i

p)
))

; i
+

+
) 

{
pa

ge
de

p 
=

 s
of

td
ep

_l
oc

ke
d_

ch
ec

kf
or

_s
of

td
ep

(i
no

de
de

p-
>

ar
g[

0]
, I

N
O

D
E

_N
U

M
B

E
R

(i
p)

,
 i)

;
if

 (
pa

ge
de

p)
 {

/*
 S

ki
p 

an
y 

fo
rt

hc
om

in
g 

w
or

ki
te

m
 p

ro
ce

ss
in

g 
of

 s
oo

n-
to

-b
e 

*/
/*

 d
e-

al
lo

ca
te

d 
pa

ge
de

ps
.  

T
hi

s 
is

 a
n 

ug
ly

 h
ac

k 
an

d 
sh

ou
ld

 *
/

/*
 b

e 
re

pl
ac

ed
 w

it
h 

a 
fl

ag
 th

at
 s

ay
s 

"s
oo

n-
to

-b
e-

de
-a

ll
oc

at
ed

" 
*/

/*
 a

nd
 a

n 
in

di
ca

ti
on

 o
f 

th
e 

"F
R

E
E

B
L

O
C

K
"s

 ‘
‘i

d’
’.

 *
/

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(p
ag

ed
ep

);
if

 (
(p

ag
ed

ep
->

ar
g[

4]
 | 

pa
ge

de
p-

>
ar

g[
5]

 | 
pa

ge
de

p-
>

ar
g[

6]
 | 

pa
ge

de
p-

>
ar

g[
7]

 | 
pa

ge
de

p-
>

ar
g[

8]
) 

=
=

 0
) 

{
/*

 D
e-

al
lo

ca
te

 th
e 

no
-l

on
ge

r 
us

ef
ul

 p
ag

ed
ep

.  
T

hi
s 

cu
ts

 *
/

/*
 d

ow
n 

si
gn

if
ic

an
tl

y 
on

 th
e 

nu
m

be
r 

of
 li

ve
 p

ag
ed

ep
s 

w
he

n 
*/

/*
 th

er
e 

ar
e 

m
an

y 
sh

or
t-

li
ve

d 
fi

le
s.

 *
/

so
ft

de
p_

re
m

ov
ef

ro
m

ha
sh

(p
ag

ed
ep

);
so

ft
de

p_
de

al
lo

ca
te

(p
ag

ed
ep

);
}

}
}

} F
R

E
E

_L
O

C
K

;
} /*

 T
hi

s 
w

or
ki

te
m

 r
ou

ti
ne

 p
er

fo
rm

s 
th

e 
bl

oc
k 

de
-a

ll
oc

at
io

n.
*/

/*
 T

he
 w

or
ki

te
m

 is
 a

dd
ed

 to
 th

e 
pe

nd
in

g 
li

st
 a

ft
er

 th
e 

up
da

te
d

*/
/*

 in
od

e 
bl

oc
k 

ha
s 

be
en

 w
ri

tt
en

 to
 d

is
k.

  A
s 

m
en

ti
on

ed
 a

bo
ve

,
*/

/*
 c

he
ck

s 
re

ga
rd

in
g 

th
e 

nu
m

be
r 

of
 b

lo
ck

s 
de

-a
ll

oc
at

ed
 (

co
m

pa
re

d
*/

/*
 to

 th
e 

nu
m

be
r 

of
 b

lo
ck

s 
al

lo
ca

te
d 

fo
r 

th
e 

fi
le

) 
ar

e 
al

so
*/

/*
 p

er
fo

rm
ed

 in
 th

is
 f

un
ct

io
n.

  T
he

 s
pe

ci
fi

c 
co

de
 h

as
 b

ee
n

*/
/*

 r
em

ov
ed

 f
ro

m
 b

el
ow

.
*/

vo
id

 s
of

td
ep

_h
an

dl
e_

w
or

ki
te

m
_f

re
eb

lo
ck

s(
w

or
k)

so
ft

de
p 

*w
or

k;
{

so
ft

de
p_

ex
te

ns
io

n 
*f

re
ed

ep
;

st
ru

ct
 in

od
e 

ti
p;

da
dd

r_
t b

n;
in

t i
;

in
t b

as
el

bn
s[

N
IA

D
D

R
];

in
t t

m
pv

al
 =

 1
;

ba
se

lb
ns

[0
] 

=
 N

D
A

D
D

R
;

fo
r 

(i
=

1;
 i<

N
IA

D
D

R
; i

+
+

) 
{

tm
pv

al
 *

=
 F

S
_I

N
D

IR
P

T
R

C
N

T
(w

or
k-

>
ar

g[
2]

);
ba

se
lb

ns
[i

] 
=

 b
as

el
bn

s[
i-

1]
 +

 tm
pv

al
;

} fr
ee

de
p 

=
 (

so
ft

de
p_

ex
te

ns
io

n 
*)

 w
or

k-
>

ar
g[

6]
;

IN
O

D
E

_N
U

M
B

E
R

(&
ti

p)
 =

 w
or

k-
>

ar
g[

0]
;

D
E

V
IC

E
_N

U
M

B
E

R
(&

ti
p)

 =
 w

or
k-

>
ar

g[
1]

;
F

S
_I

D
(&

ti
p)

 =
 w

or
k-

>
ar

g[
2]

;
V

F
S

_I
D

(&
ti

p)
 =

 w
or

k-
>

ar
g[

7]
;

F
IL

E
_S

IZ
E

(&
ti

p)
 =

 w
or

k-
>

ar
g[

3]
;

fo
r 

(i
 =

 (
N

IA
D

D
R

-1
);

 i 
>

=
 0

; i
--

) 
{

bn
 =

 f
re

ed
ep

->
ex

te
nd

[(
i +

 N
D

A
D

D
R

)]
;

if
 (

bn
) 

{
U

F
S

_I
N

D
IR

T
R

U
N

C
(&

ti
p,

 b
n,

 i,
 b

as
el

bn
s[

i]
, w

or
k-

>
ar

g[
7]

, w
or

k-
>

id
);

/*
 U

F
S

_I
N

D
IR

T
R

U
N

C
 is

 a
ls

o 
m

od
if

ie
d 

(s
ee

 b
el

ow
).

  T
he

 la
st

 *
/

/*
 th

re
e 

pa
ra

m
et

er
s 

w
er

e 
ad

de
d 

to
 s

up
po

rt
 th

e 
ch

an
ge

s.
 *

/
so

ft
de

p_
de

al
lo

ca
te

_i
nd

ir
ec

tb
lo

ck
(b

p)
;

U
F

S
_B

L
O

C
K

_D
E

A
L

L
O

C
A

T
E

(&
ti

p,
 b

n,
 F

S
_B

L
O

C
K

_S
IZ

E
(w

or
k-

>
ar

g[
2]

))
;

}
} fo

r 
(i

 =
 (

N
D

A
D

D
R

-1
);

 i 
>

=
 0

; i
--

) 
{

bn
 =

 f
re

ed
ep

->
ex

te
nd

[i
];

if
 (

bn
) 

{
so

ft
de

p_
de

al
lo

ca
te

_f
il

ep
ag

e(
&

ti
p,

 V
F

S
_I

D
(&

ti
p)

, I
N

O
D

E
_N

U
M

B
E

R
(&

ti
p)

, i
, w

or
k-

>
i

d)
;

U
F

S
_B

L
O

C
K

_D
E

A
L

L
O

C
A

T
E

(&
ti

p,
 b

n,
 B

L
O

C
K

_S
IZ

E
(&

ti
p,

 i)
);

}
} so

ft
de

p_
de

al
lo

ca
te

(f
re

ed
ep

);
} /*

 w
hi

le
 w

e 
ca

nn
ot

 p
ro

vi
de

 th
e 

co
de

 p
re

se
nt

 in
 th

is
 f

un
ct

io
n,

*/
/*

 w
e 

ca
n 

in
di

ca
te

 th
e 

ch
an

ge
s 

th
at

 w
e 

m
ad

e.
*/

U
F

S
_I

N
D

IR
T

R
U

N
C

(i
p,

 b
n,

 le
ve

l, 
ba

se
lb

n,
 v

fs
p,

 id
)

{
... in

t l
bn

ad
d 

=
 F

S
_I

N
D

IR
P

T
R

C
N

T
(F

S
_I

D
(i

p)
);

fo
r 

(i
=

(l
ev

el
-1

);
 i>

0;
 i-

-)
 {

lb
na

dd
 *

=
 F

S
_I

N
D

IR
P

T
R

C
N

T
(F

S
_I

D
(i

p)
);

} /*
 s

et
up

 a
nd

 s
ca

nn
in

g 
th

ro
ug

h 
in

di
re

ct
 b

lo
ck

, "
i"

 is
 th

e 
co

un
ti

ng
/*

 v
ar

ia
bl

e 
fo

r 
lo

op
in

g 
th

ro
ug

h 
th

e 
po

in
te

rs
. *

/
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/*

 e
ac

h 
re

cu
rs

iv
e 

ca
ll

 to
 U

F
S

_I
N

D
IR

T
R

U
N

C
 s

ho
ul

d 
lo

ok
 s

om
et

hi
ng

 li
ke

 *
/

/*
 U

F
S

_I
N

D
IR

T
R

U
N

C
(i

p,
 B

L
K

N
O

, (
le

ve
l-

1)
, (

ba
se

lb
n 

+
 (

i*
lb

na
dd

))
, v

fs
p,

 id
);

 *
/

/*
 B

ef
or

e 
ea

ch
 c

al
l t

o 
U

F
S

_B
L

O
C

K
_D

E
A

L
L

O
C

A
T

E
, t

he
 a

pp
ro

pr
ia

te
 o

ne
 *

/
/*

 o
f 

th
e 

fo
ll

ow
in

g 
pr

oc
ed

ur
es

 s
ho

ul
d 

be
 c

al
le

d:
 *

/
/*

 s
of

td
ep

_d
ea

ll
oc

at
e_

in
di

re
ct

bl
oc

k(
bp

);
  *

/
/*

 s
of

td
ep

_d
ea

ll
oc

at
e_

fi
le

pa
ge

(i
p,

 v
fs

p,
 I

N
O

D
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{
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;
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*/

/*
 c

ou
nt

 h
as

 b
ee

n 
in

cr
em

en
te

d,
 b

ut
 b

ef
or

e 
th

e 
di

re
ct

or
y 

en
tr

y’
s

*/
/*

 p
oi

nt
er

 to
 th

e 
in

od
e 

ha
s 

be
en

 s
et

.
*/

vo
id

 s
of

td
ep

_s
et

up
_a

dd
(d

p,
 lb

n,
 ip

, o
ff

se
t, 

bi
tm

ap
de

p)
st

ru
ct

 in
od

e 
*d

p;
/*

 in
od

e 
fo

r 
di

re
ct

or
y 

*/
in

t l
bn

;
/*

 b
lo

ck
 w

it
hi

n 
di

re
ct

or
y 

co
nt

ai
ni

ng
 n

ew
 e

nt
ry

 *
/

st
ru

ct
 in

od
e 

*i
p;

/*
 in

od
e 

po
in

te
d 

to
 b

y 
ne

w
 d

ir
ec

to
ry

 e
nt

ry
 *

/
in

t o
ff

se
t;

/*
 o

ff
se

t o
f 

ne
w

 in
od

e 
po

in
te

r 
w

it
hi

n 
di

re
ct

or
y 

bl
oc

k 
*/

/*
 F

or
 c

on
ve

ni
en

ce
, w

e 
us

e 
us

e 
th

e 
of

fs
et

 o
f 

th
e 

di
re

ct
or

y 
*/

/*
 e

nt
ry

 s
tr

uc
tu

re
 a

nd
 in

de
x 

in
to

 th
e 

st
ru

ct
ur

e 
as

 n
ee

de
d.

 *
/

so
ft

de
p 

*b
it

m
ap

de
p;

/*
 f

ro
m

 th
e 

co
rr

es
po

nd
in

g 
in

od
e 

al
lo

ca
ti

on
, i

f 
an

y 
*/

£ k
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{

so
ft

de
p 

*n
ew

 =
 s

of
td

ep
_a

ll
oc

at
e(

);
so

ft
de

p 
*i

de
p 

=
 s

of
td

ep
_a

ll
oc

at
e(

);
so

ft
de

p 
*e

xt
ra

 =
 s

of
td

ep
_a

ll
oc

at
e(

);
so

ft
de

p 
*p

ag
ed

ep
;

so
ft

de
p 

*i
no

de
de

p;

ne
w

->
ty

pe
 =

 S
O

F
T

D
E

P
_A

D
D

;
ne

w
->

ar
g[

0]
 =

 I
N

O
D

E
_N

U
M

B
E

R
(d

p)
;

ne
w

->
ar

g[
1]

 =
 S

O
F

T
D

E
P

_S
T

A
T

E
_A

T
T

A
C

H
E

D
;

ne
w

->
ar

g[
2]

 =
 o

ff
se

t;
ne

w
->

ar
g[

3]
 =

 I
N

O
D

E
_N

U
M

B
E

R
(i

p)
;

ne
w

->
ar

g[
4]

 =
 lb

n;
id

ep
->

ty
pe

 =
 S

O
F

T
D

E
P

_A
D

D
S

A
F

E
;

ne
w

->
ar

g[
5]

 =
 (

in
t)

 id
ep

;
id

ep
->

ar
g[

1]
 =

 (
in

t)
 n

ew
;

pa
ge

de
p 

=
 s

of
td

ep
_g

et
_s

of
td

ep
(V

F
S

_I
D

(d
p)

, I
N

O
D

E
_N

U
M

B
E

R
(d

p)
, l

bn
);

in
od

ed
ep

 =
 s

of
td

ep
_l

oc
ke

d_
ge

t_
so

ft
de

p(
V

F
S

_I
D

(i
p)

, I
N

O
D

E
_N

U
M

B
E

R
(i

p)
, -

1,
 e

xt
ra

);
ne

w
->

li
st

ta
il

 =
 (

so
ft

de
p 

**
) 

&
pa

ge
de

p-
>

ar
g[

(5
 +

 (
(o

ff
se

t >
>

 2
) 

&
 0

x0
00

00
00

3)
)]

;
id

ep
->

li
st

ta
il

 =
 (

so
ft

de
p 

**
) 

&
in

od
ed

ep
->

ar
g[

4]
;

so
ft

de
p_

ap
pe

nd
to

li
st

(n
ew

);
so

ft
de

p_
ap

pe
nd

to
li

st
(i

de
p)

;
if

 (
bi

tm
ap

de
p 

=
=

 N
U

L
L

) 
{

bi
tm

ap
de

p 
=

 s
of

td
ep

_l
oc

ke
d_

ch
ec

kf
or

_s
of

td
ep

(V
F

S
_I

D
(i

p)
, I

N
O

D
E

_N
U

M
B

E
R

(i
p)

, -
2)

;
} if

 (
bi

tm
ap

de
p)

 {
if

 (
bi

tm
ap

de
p-

>
li

st
ta

il
 =

=
 &

so
ft

de
p_

co
m

pl
et

ed
_b

it
m

ap
de

ps
) 

{
so

ft
de

p_
re

m
ov

ef
ro

m
li

st
(b

it
m

ap
de

p)
;

so
ft

de
p_

re
m

ov
ef

ro
m

ha
sh

(b
it

m
ap

de
p)

;
so

ft
de

p_
de

al
lo

ca
te

(b
it

m
ap

de
p)

;
} 

el
se

 {
ne

w
->

ar
g[

6]
 =

 (
in

t)
 b

it
m

ap
de

p;
ne

w
->

ar
g[

7]
 =

 b
it

m
ap

de
p-

>
ar

g[
7]

;
bi

tm
ap

de
p-

>
ar

g[
7]

 =
 (

in
t)

 n
ew

;
}

} 
el

se
 {

ne
w

->
ar

g[
6]

 =
 0

;
ne

w
->

ar
g[

7]
 =

 0
;

} F
R

E
E

_L
O

C
K

;
} /*

 T
hi

s 
pr

oc
ed

ur
e 

is
 c

al
le

d 
ju

st
 b

ef
or

e 
be

gi
nn

in
g 

to
 c

om
pa

ct
 a

*/
/*

 d
ir

ec
to

ry
 b

lo
ck

 (
w

hi
ch

 m
us

t b
e 

ow
ne

d 
ex

cl
us

iv
el

y 
by

 th
e

*/
/*

 c
al

le
r)

 to
 d

et
er

m
in

e 
w

he
th

er
 o

r 
no

t p
en

di
ng

 d
ep

en
de

nc
y

*/
/*

 s
tr

uc
tu

re
s 

m
ay

 n
ee

d 
to

 b
e 

up
da

te
d 

an
d,

 if
 s

o,
 r

et
ur

n 
th

e
*/

/*
 c

or
re

sp
on

di
ng

 p
ag

ed
ep

 (
so

 th
at

 it
 is

 n
ot

 n
ec

es
sa

ry
 to

 s
ea

rc
h

*/
/*

 f
or

 it
 e

ve
ry

 ti
m

e)
.

*/
so

ft
de

p 
*s

of
td

ep
_d

ir
ec

to
ry

en
tr

y_
ch

an
ge

_p
ag

ed
ep

(d
p,

 lb
n)

st
ru

ct
 in

od
e 

*d
p;

/*
 in

od
e 

fo
r 

di
re

ct
or

y 
*/

in
t l

bn
;

/*
 b

lo
ck

 n
um

be
r 

w
it

hi
n 

di
re

ct
or

y 
*/

{
so

ft
de

p 
*p

ag
ed

ep
 =

 s
of

td
ep

_c
he

ck
fo

r_
so

ft
de

p(
V

F
S

_I
D

(d
p)

),
 d

p-
>

i_
nu

m
be

r,
 lb

n)
;

if
 (

(p
ag

ed
ep

) 
&

&
 (

(p
ag

ed
ep

->
ar

g[
5]

 | 
pa

ge
de

p-
>

ar
g[

6]
 | 

pa
ge

de
p-

>
ar

g[
7]

 | 
pa

ge
de

p-
>

ar
g[

8]
)

 =
=

 0
))

 {
/*

 if
 n

o 
pe

nd
in

g 
"A

D
D

" 
de

pe
nd

en
ci

es
 f

or
 th

e 
di

re
ct

or
y 

bl
oc

k 
*/

pa
ge

de
p 

=
 N

U
L

L
;

} F
R

E
E

_L
O

C
K

;
re

tu
rn

(p
ag

ed
ep

);
} /*

 T
hi

s 
pr

oc
ed

ur
e 

is
 c

al
le

d 
to

 c
ha

ng
e 

th
e 

of
fs

et
 o

f 
a 

di
re

ct
or

y
*/

/*
 e

nt
ry

.  
N

ot
e 

th
at

 th
e 

ac
tu

al
 e

nt
ry

 m
ov

em
en

t i
s 

pe
rf

or
m

ed
 in

*/
/*

 th
is

 p
ro

ce
du

re
.  

T
he

 p
ag

ed
ep

 r
et

ur
ne

d 
fr

om
 th

e 
ca

ll
 a

bo
ve

 is
 *

/
/*

 p
as

se
d 

as
 a

 p
ar

am
et

er
.  

T
hi

s 
pr

oc
ed

ur
e 

is
 n

ot
 c

al
le

d 
if

 th
e

*/
/*

 p
ag

ed
ep

 is
 N

U
L

L
.

*/
vo

id
 s

of
td

ep
_c

ha
ng

e_
di

re
ct

or
ye

nt
ry

_o
ff

se
t(

pa
ge

de
p,

 d
p,

 lb
n,

 f
bp

, o
ld

of
fs

et
, n

ew
of

fs
et

, e
nt

ry
si

ze
)

so
ft

de
p 

*p
ag

ed
ep

;
/*

 r
et

ur
ne

d 
fr

om
 p

re
vi

ou
s 

pr
oc

ed
ur

e 
*/

st
ru

ct
 in

od
e 

*d
p;

/*
 in

od
e 

fo
r 

di
re

ct
or

y 
*/

in
t l

bn
;

/*
 b

lo
ck

 n
um

be
r 

w
it

hi
n 

di
re

ct
or

y 
*/

st
ru

ct
 f

bu
f 

*f
bp

;
/*

 f
bu

f 
fo

r 
di

re
ct

or
y 

bl
oc

k 
*/

in
t o

ld
of

fs
et

;
/*

 c
ur

re
nt

 o
ff

se
t o

f 
di

re
ct

or
y 

en
tr

y 
*/

in
t n

ew
of

fs
et

;
/*

 n
ew

 o
ff

se
t o

f 
di

re
ct

or
y 

en
tr

y 
*/

in
t e

nt
ry

si
ze

;
/*

 s
iz

e 
of

 d
ir

ec
to

ry
 e

nt
ry

 *
/

{
so

ft
de

p 
*p

de
p;

in
t f

bp
ad

dr
 =

 (
in

t)
 F

B
U

F
_M

E
M

O
R

Y
_B

L
O

C
K

(f
bp

);

A
C

Q
U

IR
E

_L
O

C
K

;
if

 (
(p

ag
ed

ep
->

ha
sh

_n
ex

t =
=

 N
U

L
L

) 
|| 

(p
ag

ed
ep

->
ar

g[
0]

 !
=

 V
F

S
_I

D
(d

p)
) 

|| 
(p

ag
ed

ep
->

ar
g[

1]
 !

=
 I

N
O

D
E

_N
U

M
B

E
R

(i
p)

) 
|| 

(p
ag

ed
ep

->
ar

g[
2]

 !
=

 lb
n)

) 
{

L
O

G
_E

R
R

O
R

("
in

va
li

d 
pa

ge
de

p 
st

at
e 

at
 c

ha
ng

e_
di

re
ct

or
ye

nt
ry

_o
ff

se
t\

n"
);

IN
D

U
C

E
_F

A
U

L
T

()
;

} if
 (

(p
ag

ed
ep

) 
&

&
 (

pd
ep

 =
 (

so
ft

de
p 

*)
 p

ag
ed

ep
->

ar
g[

(5
 +

 (
(o

ld
of

fs
et

 >
>

 2
) 

&
 0

x0
00

00
00

3)
)]

))
 {

so
ft

de
p 

*t
ai

l =
 p

de
p;

do
 { if
 (

(p
de

p-
>

ty
pe

 =
=

 S
O

F
T

D
E

P
_A

D
D

) 
&

&
 (

pd
ep

->
ar

g[
2]

 =
=

 o
ld

of
fs

et
))

 {
pd

ep
->

ar
g[

2]
 =

 n
ew

of
fs

et
;

if
 (

(n
ew

of
fs

et
 &

 0
x0

00
00

00
C

) 
!=

 (
ol

do
ff

se
t &

 0
x0

00
00

00
C

))
 {

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(p
de

p)
;

pd
ep

->
li

st
ta

il
 =

 (
so

ft
de

p 
**

) 
&

pa
ge

de
p-

>
ar

g[
(5

 +
 (

(n
ew

of
fs

et
 >

>
 2

) 
&

 0
x0

00
00

00
3)

)]
;

so
ft

de
p_

ap
pe

nd
to

li
st

(p
de

p)
;

} br
ea

k;
} pd

ep
 =

 p
de

p-
>

ne
xt

;
} 

w
hi

le
 (

pd
ep

 !
=

 ta
il

);

£g�
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} B

L
O

C
K

_C
O

P
Y

((
fb

pa
dd

r 
+

 o
ld

of
fs

et
),

 (
fb

pa
dd

r 
+

 n
ew

of
fs

et
),

 e
nt

ry
si

ze
);

F
R

E
E

_L
O

C
K

;
}

16
. D

ir
ec

to
ry

 e
nt

ry
 r

em
ov

al
 d

ep
en

de
nc

ie
s

W
he

n 
re

m
ov

in
g 

a 
di

re
ct

or
y 

en
tr

y,
 th

e 
en

tr
y’

s 
in

od
e 

po
in

te
r 

m
us

t b
e 

nu
ll

if
ie

d
on

 d
is

k 
be

fo
re

 th
e 

co
rr

es
po

nd
in

g 
in

od
e’

s 
li

nk
 c

ou
nt

 is
 d

ec
re

m
en

te
d 

(p
os

si
bl

y
fr

ee
in

g 
th

e 
in

od
e 

fo
r 

re
-u

se
).

  T
hi

s 
de

pe
nd

en
cy

 is
 h

an
dl

ed
 b

y 
up

da
ti

ng
 th

e
di

re
ct

or
y 

en
tr

y 
bu

t d
el

ay
in

g 
th

e 
in

od
e 

co
un

t r
ed

uc
ti

on
 u

nt
il

 a
ft

er
 th

e
di

re
ct

or
y 

bl
oc

k 
ha

s 
be

en
 w

ri
tt

en
 to

 d
is

k.
  A

ft
er

 th
is

 p
oi

nt
, t

he
 in

od
e 

co
un

t
ca

n 
be

 d
ec

re
m

en
te

d 
w

he
ne

ve
r 

it
 is

 c
on

ve
ni

en
t. 

 T
he

 u
fs

 im
pl

em
en

ta
ti

on
 w

it
h

w
hi

ch
 w

e 
w

or
k 

re
m

ov
es

 d
ir

ec
to

ry
 e

nt
ri

es
 in

 s
ev

er
al

 r
ou

ti
ne

s.
  I

n 
ea

ch
, a

pr
oc

ed
ur

e 
(b

el
ow

) 
is

 c
al

le
d 

to
 s

et
 u

p 
th

e 
de

pe
nd

en
cy

 s
tr

uc
tu

re
s.

/*
 T

hi
s 

ro
ut

in
e 

sh
ou

ld
 b

e 
ca

ll
ed

 im
m

ed
ia

te
ly

 a
ft

er
 r

em
ov

in
g

*/
/*

 a
 d

ir
ec

to
ry

 e
nt

ry
.  

T
he

 in
od

e’
s 

li
nk

 c
ou

nt
 s

ho
ul

d 
no

t b
e

*/
/*

 d
ec

re
m

en
te

d 
by

 th
e 

ca
ll

in
g 

pr
oc

ed
ur

e 
--

 th
e 

so
ft

 u
pd

at
es

*/
/*

 c
od

e 
w

il
l p

er
fo

rm
 th

is
 ta

sk
 w

he
n 

it
 is

 s
af

e.
*/

vo
id

 s
of

td
ep

_s
et

up
_r

em
ov

e(
dp

, l
bn

, i
p,

 o
ff

se
t)

st
ru

ct
 in

od
e 

*d
p;

/*
 in

od
e 

fo
r 

th
e 

di
re

ct
or

y 
be

in
g 

m
od

if
ie

d 
*/

in
t l

bn
;

/*
 d

ir
ec

to
ry

 b
lo

ck
 n

um
be

r 
w

it
hi

n 
fi

le
 *

/
st

ru
ct

 in
od

e 
*i

p;
/*

 in
od

e 
fo

r 
di

re
ct

or
y 

en
tr

y 
be

in
g 

re
m

ov
ed

 *
/

in
t o

ff
se

t;
/*

 o
ff

se
t o

f 
di

re
ct

or
y 

en
tr

y 
in

 b
lo

ck
 *

/
{

so
ft

de
p 

*n
ew

 =
 s

of
td

ep
_a

ll
oc

at
e(

);
so

ft
de

p 
*t

m
p;

so
ft

de
p 

*p
ag

ed
ep

;

ne
w

->
ty

pe
 =

 S
O

F
T

D
E

P
_R

E
M

O
V

E
;

ne
w

->
ar

g[
0]

 =
 V

F
S

_I
D

(i
p)

;
ne

w
->

ar
g[

1]
 =

 I
N

O
D

E
_N

U
M

B
E

R
(i

p)
;

pa
ge

de
p 

=
 s

of
td

ep
_g

et
_s

of
td

ep
(V

F
S

_I
D

(d
p)

, I
N

O
D

E
_N

U
M

B
E

R
(d

p)
, l

bn
);

ne
w

->
li

st
ta

il
 =

 (
so

ft
de

p 
**

) 
&

pa
ge

de
p-

>
ar

g[
4]

;
if

 (
tm

p 
=

 (
so

ft
de

p 
*)

 p
ag

ed
ep

->
ar

g[
(5

 +
 (

(o
ff

se
t >

>
 2

) 
&

 0
x0

00
00

00
3)

)]
) 

{
so

ft
de

p 
*t

ai
l =

 tm
p;

do
 { /*

 C
he

ck
 f

or
 a

n 
"A

D
D

 d
ep

en
de

nc
y 

fo
r 

th
e 

sa
m

e 
di

re
ct

or
y 

en
tr

y.
 *

/
/*

 I
f 

pr
es

en
t, 

th
en

 b
ot

h 
de

pe
nd

en
ci

es
 b

ec
om

e 
ob

so
le

te
 a

nd
 c

an
 *

/
/*

  b
e 

de
-a

ll
oc

at
ed

. *
/

if
 (

tm
p-

>
ar

g[
2]

 =
=

 o
ff

se
t)

 {
/*

 M
us

t b
e 

A
T

T
A

C
H

E
D

 a
t t

hi
s 

po
in

t, 
so

 ju
st

 d
el

et
e 

it
 *

/
if

 (
tm

p-
>

ar
g[

3]
 !

=
 I

N
O

D
E

_N
U

M
B

E
R

(i
p)

) 
{

L
O

G
_E

R
R

O
R

("
N

on
-m

at
ch

in
g 

in
um

 %
d 

be
in

g 
re

m
ov

ed
 a

t s
of

td
ep

_s
et

up
_r

em
ov

e,
 s

ho
ul

d 
be

 %
d\

n"
, I

N
O

D
E

_N
U

M
B

E
R

(i
p)

, t
m

p-
>

ar
g[

3]
);

IN
D

U
C

E
_F

A
U

L
T

()
;

} if
 (

tm
p-

>
ar

g[
5]

) 
{

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

((
so

ft
de

p 
*)

 tm
p-

>
ar

g[
5]

);

so
ft

de
p_

de
al

lo
ca

te
((

so
ft

de
p 

*)
 tm

p-
>

ar
g[

5]
);

} if
 (

tm
p-

>
ar

g[
6]

) 
{

so
ft

de
p 

*t
m

p2
 =

 (
so

ft
de

p 
*)

 tm
p-

>
ar

g[
6]

;
w

hi
le

 (
tm

p2
->

ar
g[

7]
 !

=
 (

in
t)

 tm
p)

 {
tm

p2
 =

 (
so

ft
de

p 
*)

 tm
p2

->
ar

g[
7]

;
} tm

p2
->

ar
g[

7]
 =

 tm
p-

>
ar

g[
7]

;
if

 (
(t

m
p2

 =
=

 tm
p-

>
ar

g[
6]

) 
&

&
 (

tm
p2

->
ar

g[
7]

 =
=

 0
))

 {
so

ft
de

p_
re

m
ov

ef
ro

m
li

st
(t

m
p2

);
so

ft
de

p_
re

m
ov

ef
ro

m
ha

sh
(t

m
p2

);
so

ft
de

p_
de

al
lo

ca
te

(t
m

p2
);

}
} so

ft
de

p_
re

m
ov

ef
ro

m
li

st
(t

m
p)

;
so

ft
de

p_
de

al
lo

ca
te

(t
m

p)
;

pa
ge

de
p 

=
 N

U
L

L
;

br
ea

k;
} tm

p 
=

 tm
p-

>
ne

xt
;

} 
w

hi
le

 (
tm

p 
!=

 ta
il

);
} if

 (
pa

ge
de

p)
 {

so
ft

de
p_

ap
pe

nd
to

li
st

(n
ew

);
} 

el
se

 {
so

ft
de

p_
de

al
lo

ca
te

(n
ew

);
L

IN
K

_C
O

U
N

T
(i

p)
 -

=
 1

;
IN

O
D

E
_F

L
A

G
S

(i
p)

 |=
 I

N
O

D
E

_M
O

D
IF

IE
D

;
} F

R
E

E
_L

O
C

K
;

} /*
 T

hi
s 

w
or

ki
te

m
 d

ec
re

m
en

ts
 th

e 
in

od
e’

s 
li

nk
 c

ou
nt

.  
If

 th
e

*/
/*

 li
nk

 c
ou

nt
 r

ea
ch

es
 z

er
o,

 th
e 

fi
le

 is
 r

em
ov

ed
.  

F
or

 th
e 

"G
E

T
"

*/
/*

 f
un

ct
io

n 
ca

ll
 b

el
ow

, "
ar

g[
0]

" 
co

nt
ai

ns
 th

e 
ap

pr
op

ri
at

e
*/

/*
 "

V
F

S
_I

D
(i

p)
" 

va
lu

e 
an

d 
"a

rg
[1

]"
 c

on
ta

in
s 

th
e 

in
od

e 
nu

m
be

r.
*/

/*
 I

f 
va

lu
es

 o
th

er
 th

an
 th

es
e 

(o
r 

th
os

e 
th

at
 c

an
 b

e 
co

m
pu

te
d

*/
/*

 d
ir

ec
tl

y 
fr

om
 th

es
e)

 a
re

 n
ee

de
d,

 th
ey

 m
us

t b
e 

ad
de

d 
in

*/
/*

 "
so

ft
de

p_
se

tu
p_

re
m

ov
e"

.
*/

vo
id

 s
of

td
ep

_h
an

dl
e_

w
or

ki
te

m
_r

em
ov

e(
w

or
k)

so
ft

de
p 

*w
or

k;
{

st
ru

ct
 in

od
e 

*i
p 

=
 U

F
S

_G
E

T
_I

N
C

O
R

E
_I

N
O

D
E

(/
* 

 ..
.  

*/
);

L
IN

K
_C

O
U

N
T

(i
p)

 -
=

 1
;

IN
O

D
E

_F
L

A
G

S
(i

p)
 |=

 I
N

O
D

E
_M

O
D

IF
IE

D
;

U
F

S
_R

E
T

U
R

N
_I

N
C

O
R

E
_I

N
O

D
E

(i
p)

;
}

£��
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. I
no

de
 d

e-
al

lo
ca

ti
on

 d
ep

en
de

nc
ie

s

W
he

n 
an

 in
od

e’
s 

li
nk

 c
ou

nt
 is

 r
ed

uc
ed

 to
 z

er
o,

 it
 c

an
 b

e 
de

-a
ll

oc
at

ed
.

W
e 

fo
un

d 
it

 c
on

ve
ni

en
t t

o 
po

st
po

ne
 d

e-
al

lo
ca

ti
on

 u
nt

il
 a

ft
er

 th
e 

in
od

e
is

 w
ri

tt
en

 to
 d

is
k 

w
it

h 
it

s 
ne

w
 li

nk
 c

ou
nt

 (
ze

ro
).

  A
t t

hi
s 

po
in

t, 
al

l
of

 th
e 

on
-d

is
k 

in
od

e’
s 

bl
oc

k 
po

in
te

rs
 a

re
 n

ul
li

fi
ed

 a
nd

, w
it

h 
ca

re
fu

l
de

pe
nd

en
cy

 li
st

 o
rd

er
in

g,
 a

ll
 d

ep
en

de
nc

ie
s 

re
la

te
d 

to
 th

e 
in

od
e 

w
il

l b
e

sa
ti

sf
ie

d 
an

d 
th

e 
co

rr
es

po
nd

in
g 

de
pe

nd
en

cy
 s

tr
uc

tu
re

s 
de

-a
ll

oc
at

ed
.  

S
o,

if
/w

he
n 

th
e 

in
od

e 
is

 r
eu

se
d,

 th
er

e 
w

il
l b

e 
no

 m
ix

in
g 

of
 o

ld
 d

ep
en

de
nc

ie
s

w
it

h 
ne

w
 o

ne
s.

  T
hi

s 
ar

ti
fi

ci
al

 d
ep

en
de

nc
y 

is
 s

et
 u

p 
by

 th
e 

bl
oc

k 
de

-
al

lo
ca

ti
on

 p
ro

ce
du

re
 a

bo
ve

 (
#1

4)
 a

nd
 c

om
pl

et
ed

 b
y 

th
e 

fo
ll

ow
in

g 
pr

oc
ed

ur
e.

vo
id

 s
of

td
ep

_h
an

dl
e_

w
or

ki
te

m
_f

il
ef

re
e(

w
or

k)
so

ft
de

p 
*w

or
k;

{
st

ru
ct

 in
od

e 
ti

p;

if
 (

so
ft

de
p_

ch
ec

kf
or

_s
of

td
ep

(w
or

k-
>

ar
g[

0]
, w

or
k-

>
ar

g[
1]

, -
1)

) 
{

L
O

G
_E

R
R

O
R

("
in

od
ed

ep
 s

ur
vi

ve
d 

fi
le

 r
em

ov
al

 a
t s

of
td

ep
_h

an
dl

e_
w

or
ki

te
m

_f
il

ef
re

e\
n"

);
IN

D
U

C
E

_F
A

U
L

T
()

;
} F

R
E

E
_L

O
C

K
;

IN
O

D
E

_N
U

M
B

E
R

(&
ti

p)
 =

 w
or

k-
>

ar
g[

1]
;

D
E

V
IC

E
_N

U
M

B
E

R
(&

ti
p)

 =
 w

or
k-

>
ar

g[
2]

;
F

S
_I

D
(&

ti
p)

 =
 w

or
k-

>
ar

g[
3]

;
U

F
S

_I
N

O
D

E
_D

E
A

L
L

O
C

A
T

E
(&

ti
p,

 I
N

O
D

E
_N

U
M

B
E

R
(&

ti
p)

);
}

18
. D

is
k 

w
ri

te
s

T
he

 d
ep

en
de

nc
y 

st
ru

ct
ur

es
 c

on
st

ru
ct

ed
 a

bo
ve

 a
re

 m
os

t a
ct

iv
el

y 
us

ed
 w

he
n 

fi
le

sy
st

em
 b

lo
ck

s 
ar

e 
w

ri
tt

en
 to

 d
is

k.
  N

o 
co

ns
tr

ai
nt

s 
ar

e 
pl

ac
ed

 o
n 

w
he

n 
a 

bl
oc

k
ca

n 
be

 w
ri

tt
en

, b
ut

 u
ns

at
is

fi
ed

 u
pd

at
e 

de
pe

nd
en

ci
es

 a
re

 m
ad

e 
sa

fe
 b

y 
m

od
if

yi
ng

(o
r 

re
pl

ac
in

g)
 th

e 
so

ur
ce

 m
em

or
y 

fo
r 

th
e 

du
ra

ti
on

 o
f 

th
e 

di
sk

 w
ri

te
.  

W
he

n 
th

e
di

sk
 w

ri
te

 c
om

pl
et

es
, t

he
 m

em
or

y 
bl

oc
k 

is
 a

ga
in

 b
ro

ug
ht

 u
p-

to
-d

at
e.

/*
 C

al
le

d 
ju

st
 b

ef
or

e 
in

it
ia

ti
ng

 a
 d

is
k 

w
ri

te
 f

or
 a

 f
il

e 
pa

ge
.

*/
/*

 T
hi

s 
is

 n
ee

de
d 

be
ca

us
e 

of
 th

e 
V

M
/F

S
 in

te
gr

at
io

n.
*/

vo
id

 s
of

td
ep

_i
ni

ti
at

e_
fi

le
pa

ge
_w

ri
te

(b
p,

 ip
, l

bn
)

st
ru

ct
 b

uf
 *

bp
;

/*
 th

e 
bp

 f
or

 th
e 

w
ri

te
 r

eq
ue

st
 *

/
st

ru
ct

 in
od

e 
*i

p;
/*

 th
e 

fi
le

’s
 in

od
e 

*/
in

t l
bn

;
/*

 b
lo

ck
 n

um
be

r 
w

it
hi

n 
fi

le
 to

 b
e 

w
ri

tt
en

 *
/

{
so

ft
de

p 
*t

m
p 

=
 s

of
td

ep
_c

he
ck

fo
r_

so
ft

de
p(

V
F

S
_I

D
(i

p)
, I

N
O

D
E

_N
U

M
B

E
R

(i
p)

, l
bn

);
if

 (
tm

p)
 {

tm
p-

>
li

st
ta

il
 =

 &
bp

->
b_

de
p;

so
ft

de
p_

ap
pe

nd
to

li
st

(t
m

p)
;

} F
R

E
E

_L
O

C
K

;
}

/*
 C

al
le

d 
ju

st
 b

ef
or

e 
en

te
ri

ng
 th

e 
de

vi
ce

 d
ri

ve
r 

to
 in

it
ia

te
*/

/*
 a

 n
ew

 d
is

k 
w

ri
te

.  
T

he
 O

S
 w

it
h 

w
hi

ch
 w

e 
w

or
k 

in
it

ia
te

s 
an

*/
/*

 I
/O

 r
eq

ue
st

 b
y 

pa
ss

in
g 

a 
"s

tr
uc

t b
uf

 *
" 

to
 th

e 
ap

pr
op

ri
at

e
*/

/*
 d

ev
ic

e 
dr

iv
er

.
*/

vo
id

 s
of

td
ep

_h
an

dl
e_

di
sk

_w
ri

te
_i

ni
ti

at
io

n(
bp

)
st

ru
ct

 b
uf

 *
bp

;
/*

 s
tr

uc
tu

re
 d

es
cr

ib
in

g 
di

sk
 w

ri
te

 to
 o

cc
ur

 *
/

{
so

ft
de

p 
*d

ep
;

so
ft

de
p 

*p
de

p;
st

ru
ct

 d
ir

ec
t *

en
tr

yp
tr

;
in

t i
;

A
C

Q
U

IR
E

_L
O

C
K

;
if

 (
de

p 
=

 b
p-

>
b_

de
p)

 {
ch

ec
kn

ex
t:

if
 (

de
p-

>
ty

pe
 =

=
 S

O
F

T
D

E
P

_P
A

G
E

D
E

P
) 

{
fo

r 
(i

=
5;

 i<
=

8;
 i+

+
) 

{
pd

ep
 =

 (
so

ft
de

p 
*)

 d
ep

->
ar

g[
i]

;
if

 (
pd

ep
 =

=
 N

U
L

L
) 

{
co

nt
in

ue
;

} do
 { en

tr
yp

tr
 =

 (
st

ru
ct

 d
ir

ec
t *

)(
B

U
F

_M
E

M
O

R
Y

_B
L

O
C

K
(b

p)
 +

 p
de

p-
>

ar
g[

2]
);

if
 (

D
IR

E
N

T
R

Y
_I

N
O

D
E

_N
U

M
B

E
R

(e
nt

ry
pt

r)
 !

=
 p

de
p-

>
ar

g[
3]

) 
{

L
O

G
_E

R
R

O
R

("
N

on
-m

at
ch

in
g 

in
um

 a
t s

of
td

ep
_h

an
dl

e_
di

sk
_w

ri
te

_i
ni

ti
at

io
n,

 %
d 

!=
 %

d\
n"

, D
IR

E
N

T
R

Y
_I

N
O

D
E

_N
U

M
B

E
R

(e
nt

ry
pt

r)
, p

de
p-

>
ar

g[
3]

);
IN

D
U

C
E

_F
A

U
L

T
()

;
} D

IR
E

N
T

R
Y

_I
N

O
D

E
_N

U
M

B
E

R
(e

nt
ry

pt
r)

 =
 0

;
pd

ep
->

ar
g[

1]
 =

 S
O

F
T

D
E

P
_S

T
A

T
E

_U
N

D
O

N
E

;
pd

ep
 =

 p
de

p-
>

ne
xt

;
} 

w
hi

le
 (

pd
ep

 !
=

 d
ep

->
ar

g[
i]

);
}

} 
el

se
 if

 (
de

p-
>

ne
xt

->
ty

pe
 =

=
 S

O
F

T
D

E
P

_I
N

O
D

E
B

L
O

C
K

) 
{

so
ft

de
p_

in
it

ia
te

_w
ri

te
_i

no
de

bl
oc

k(
de

p-
>

ne
xt

, b
p)

;
} 

el
se

 if
 (

de
p-

>
ty

pe
 =

=
 S

O
F

T
D

E
P

_I
N

D
IR

D
E

P
) 

{
/*

 r
ep

la
ce

 u
p-

to
-d

at
e 

ve
rs

io
n 

w
it

h 
sa

fe
 v

er
si

on
 *

/
B

U
F

_M
E

M
O

R
Y

_B
L

O
C

K
(b

p)
 =

 d
ep

->
ar

g[
4]

;
} 

el
se

 if
 (

(d
ep

->
ty

pe
 =

=
 S

O
F

T
D

E
P

_A
L

L
O

C
S

A
F

E
) 

&
&

 (
(d

ep
 =

 d
ep

->
ne

xt
) 

!=
 b

p-
>

b_
de

p
))

 {
go

to
 c

he
ck

ne
xt

;
}

} F
R

E
E

_L
O

C
K

;
} /*

 C
al

le
d 

fr
om

 w
it

hi
n 

th
e 

pr
oc

ed
ur

e 
ab

ov
e 

to
 d

ea
l w

it
h

*/
/*

 u
ns

at
is

fi
ed

 a
ll

oc
at

io
n 

de
pe

nd
en

ci
es

 in
 a

n 
in

od
eb

lo
ck

.  
N

ot
e

*/
/*

 th
at

 th
e 

so
ft

 u
pd

at
es

 lo
ck

 is
 h

el
d 

up
on

 e
nt

ry
 a

nd
 n

ev
er

*/
/*

 r
el

ea
se

d.
*/
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20
vo

id
 s

of
td

ep
_i

ni
ti

at
e_

w
ri

te
_i

no
de

bl
oc

k(
in

od
eb

lo
ck

, b
p)

so
ft

de
p 

*i
no

de
bl

oc
k;

/*
 T

he
 "

IN
O

D
E

B
L

O
C

K
" 

de
pe

nd
en

cy
 s

tr
uc

tu
re

 *
/

st
ru

ct
 b

uf
 *

bp
;

/*
 T

he
 in

od
e 

bl
oc

k 
*/

{
so

ft
de

p 
*i

no
de

de
p;

so
ft

de
p 

*i
de

p;
st

ru
ct

 d
in

od
e 

*d
p;

in
t o

ld
bl

ks
iz

e;
if

 (
in

od
ed

ep
 =

 (
so

ft
de

p 
*)

 in
od

eb
lo

ck
->

ar
g[

0]
) 

{
do

 { dp
 =

 (
st

ru
ct

 d
in

od
e 

*)
B

U
F

_M
E

M
O

R
Y

_B
L

O
C

K
(b

p)
 +

 F
S

_I
N

O
D

E
_O

F
F

S
E

T
(i

no
de

bl
oc

k-
>

ar
g[

1]
, i

no
de

de
p-

>
ar

g[
1]

);
if

 (
id

ep
 =

 (
so

ft
de

p 
*)

 in
od

ed
ep

->
ar

g[
6]

) 
{

do
 { if
 (

id
ep

->
ty

pe
 !

=
 S

O
F

T
D

E
P

_A
L

L
O

C
D

IR
E

C
T

) 
{

L
O

G
_E

R
R

O
R

("
U

nk
no

w
n 

ar
g5

 s
of

td
ep

 ty
pe

 %
d 

in
 u

pd
at

e_
in

od
eb

lo
ck

\n
",

 id
ep

->
t

yp
e)

;
IN

D
U

C
E

_F
A

U
L

T
()

;
} if

 (
id

ep
->

ar
g[

7]
 =

=
 S

O
F

T
D

E
P

_S
T

A
T

E
_A

T
T

A
C

H
E

D
) 

{
if

 (
id

ep
->

ar
g[

2]
 <

 N
D

A
D

D
R

) 
{

if
 (

D
IR

E
C

T
_B

L
O

C
K

_P
O

IN
T

E
R

(d
p,

 id
ep

->
ar

g[
2]

) 
!=

 id
ep

->
ar

g[
3]

) 
{

L
O

G
_E

R
R

O
R

("
D

ir
ec

t p
oi

nt
er

 #
%

d 
do

es
 n

ot
 m

at
ch

 a
t s

of
td

ep
_u

pd
at

e_
in

od
eb

l
oc

k:
 %

d 
!=

 %
d\

n"
, i

de
p-

>
ar

g[
2]

, D
IR

E
C

T
_B

L
O

C
K

_P
O

IN
T

E
R

(d
p,

 id
ep

->
ar

g[
2]

),
 id

ep
->

ar
g[

3]
);

IN
D

U
C

E
_F

A
U

L
T

()
;

} D
IR

E
C

T
_B

L
O

C
K

_P
O

IN
T

E
R

(d
p,

 id
ep

->
ar

g[
2]

) 
=

 id
ep

->
ar

g[
4]

;
/*

 M
an

ip
ul

at
e 

th
e 

fi
le

 s
iz

e 
fi

el
d(

s)
.  

If
 th

is
 is

 th
e 

*/
/*

 c
ur

re
nt

 o
ut

er
m

os
t b

lo
ck

 n
um

be
r,

 th
en

 r
ep

la
ce

 th
e 

*/
/*

 c
ur

re
nt

 s
iz

e 
w

it
h 

th
e 

ol
d 

si
ze

 (
ar

g[
6]

).
 N

ot
e 

th
at

 *
/

/*
 th

e 
de

pe
nd

en
cy

 li
st

 is
 tr

av
er

se
d 

in
 r

ev
er

se
 o

rd
er

, *
/

/*
 s

o 
m

ul
ti

pl
e 

un
sa

fe
 e

xt
en

si
on

s 
to

 a
 f

il
e 

w
il

l p
ro

pe
rl

y 
*/

/*
 m

od
if

y 
th

e 
fi

le
’s

 le
ng

th
.  

I 
su

gg
es

t a
dd

in
g 

th
is

 *
/

/*
 p

ar
t o

f 
th

e 
un

do
/r

ed
o 

fo
r 

bl
oc

k 
al

lo
ca

ti
on

 o
nl

y 
*/

/*
 a

ft
er

 d
eb

ug
gi

ng
 th

e 
re

m
ai

nd
er

...
  F

S
C

K
 s

ho
ul

d 
pr

op
er

ly
 *

/
/*

 a
dj

us
t t

he
 f

il
e 

le
ng

th
 if

 th
e 

sy
st

em
 c

ra
sh

es
. *

/
ol

db
lk

si
ze

 =
 F

S
_F

R
A

G
R

O
U

N
D

U
P

(i
no

de
bl

oc
k-

>
ar

g[
1]

, F
S

_S
IZ

E
O

F
B

L
O

C
K

(i
n

od
eb

lo
ck

->
ar

g[
1]

, i
de

p-
>

ar
g[

6]
, i

de
p-

>
ar

g[
2]

);
if

 (
id

ep
->

ar
g[

5]
 >

 F
IL

E
_S

IZ
E

(d
p)

) 
{

L
O

G
_E

R
R

O
R

("
ne

w
si

ze
 is

 g
re

at
er

 th
an

 f
il

es
iz

e 
in

 s
of

td
ep

_u
pd

at
e_

in
od

eb
lo

ck
"

);
IN

D
U

C
E

_F
A

U
L

T
()

;
} if

 (
(i

de
p-

>
ar

g[
5]

 =
=

 F
IL

E
_S

IZ
E

(d
p)

) 
|| 

((
id

ep
->

ar
g[

6]
 <

 F
IL

E
_S

IZ
E

(d
p)

) 
&

&
 (

o
ld

bl
ks

iz
e 

>
 0

) 
&

&
 (

ol
db

lk
si

ze
 <

 F
S

_B
L

O
C

K
_S

IZ
E

(i
no

de
bl

oc
k-

>
ar

g[
1]

))
))

 {
id

ep
->

ar
g[

5]
 =

 F
IL

E
_S

IZ
E

(d
p)

;
F

IL
E

_S
IZ

E
(d

p)
 =

 id
ep

->
ar

g[
6]

;
}

} 
el

se
 {

if
 (

IN
D

IR
E

C
T

_B
L

O
C

K
_P

O
IN

T
E

R
(d

p,
 (

id
ep

->
ar

g[
2]

 -
 N

D
A

D
D

R
))

 !
=

 id
ep

->
ar

g[
3]

) 
{

L
O

G
_E

R
R

O
R

("
In

di
re

ct
 p

oi
nt

er
 #

%
d 

do
es

 n
ot

 m
at

ch
 a

t s
of

td
ep

_u
pd

at
e_

in
od

e
bl

oc
k:

 %
d 

!=
 %

d\
n"

, (
id

ep
->

ar
g[

2]
 -

 N
D

A
D

D
R

),
 I

N
D

IR
E

C
T

_B
L

O
C

K
_P

O
IN

T
E

R
(d

p,
 (

id
ep

->
ar

g[
2]

 -
 

N
D

A
D

D
R

))
, i

de
p-

>
ar

g[
3]

); IN
D

U
C

E
_F

A
U

L
T

()
;

} IN
D

IR
E

C
T

_B
L

O
C

K
_P

O
IN

T
E

R
(d

p,
 (

id
ep

->
ar

g[
2]

 -
 N

D
A

D
D

R
))

 =
 0

;
/*

 T
he

 f
il

e 
si

ze
 f

or
 in

di
re

ct
 b

lo
ck

 a
dd

it
io

ns
 is

 n
ot

 *
/

/*
 g

ua
ra

nt
ee

d.
  S

uc
h 

a 
gu

ar
an

te
e 

w
ou

ld
 b

e 
no

n-
tr

iv
ia

l *
/

/*
 to

 a
ch

ie
ve

.  
T

he
 c

on
ve

nt
io

na
l s

yn
ch

. w
ri

te
 im

pl
. *

/
/*

 a
ls

o 
do

es
 n

ot
 m

ak
e 

th
is

 g
ua

ra
nt

ee
.  

A
ga

in
, F

S
C

K
 s

ho
ul

d 
*/

/*
 c

at
ch

 a
nd

 f
ix

 d
is

cr
ep

an
ci

es
. A

rg
ua

bl
y,

 th
e 

fi
le

 *
/

/*
 s

iz
e 

ca
n 

be
 o

ve
r-

es
ti

m
at

ed
 w

it
ho

ut
 d

es
tr

oy
in

g 
in

te
gr

it
y 

*/
/*

 w
he

n 
th

e 
fi

le
 m

ov
es

 in
to

 th
e 

in
di

re
ct

 b
lo

ck
s 

(i
.e

., 
is

 *
/

/*
 la

rg
e)

.  
If

 w
e 

w
an

t t
o 

po
st

po
ne

 F
S

C
K

, w
e 

ar
e 

st
uc

k 
w

it
h 

*/
/*

 th
is

 a
rg

um
en

t. 
*/

}
} 

el
se

 {
L

O
G

_E
R

R
O

R
("

U
nk

no
w

n 
al

lo
c 

so
ft

de
p 

st
at

e 
at

 u
pd

at
e_

in
od

eb
lo

ck
: %

d\
n"

, i
de

p-
>

ar
g[

7]
);

IN
D

U
C

E
_F

A
U

L
T

()
;

} id
ep

 =
 id

ep
->

pr
ev

;  
 /*

 tr
av

er
se

 li
st

 f
ro

m
 ta

il
 to

 h
ea

d 
*/

} 
w

hi
le

 (
id

ep
 !

=
 (

so
ft

de
p 

*)
 in

od
ed

ep
->

ar
g[

6]
);

} in
od

ed
ep

 =
 in

od
ed

ep
->

ne
xt

;
} 

w
hi

le
 (

in
od

ed
ep

 !
=

 (
so

ft
de

p 
*)

 in
od

eb
lo

ck
->

ar
g[

0]
;

}
} /*

 T
hi

s 
ro

ut
in

e 
is

 c
al

le
d 

du
ri

ng
 th

e 
co

m
pl

et
io

n 
in

te
rr

up
t

*/
/*

 s
er

vi
ce

 r
ou

ti
ne

 f
or

 a
 d

is
k 

w
ri

te
 (

fr
om

 th
e 

pr
oc

ed
ur

e 
ca

ll
ed

*/
/*

 b
y 

th
e 

de
vi

ce
 d

ri
ve

r 
to

 in
fo

rm
 th

e 
fi

le
 s

ys
te

m
 c

ac
he

s 
of

*/
/*

 a
 r

eq
ue

st
 c

om
pl

et
io

n)
.  

It
 s

ho
ul

d 
be

 c
al

le
d 

ea
rl

y 
in

 th
is

*/
/*

 p
ro

ce
du

re
, b

ef
or

e 
th

e 
bl

oc
k 

is
 m

ad
e 

av
ai

la
bl

e 
to

 o
th

er
*/

/*
 p

ro
ce

ss
es

 o
r 

ot
he

r 
ro

ut
in

es
 a

re
 c

al
le

d.
*/

vo
id

 u
fs

_h
an

dl
e_

di
sk

_w
ri

te
_c

om
pl

et
e(

bp
)

st
ru

ct
 b

uf
 *

bp
;

/*
 d

es
cr

ib
es

 th
e 

co
m

pl
et

ed
 d

is
k 

w
ri

te
 *

/
{

so
ft

de
p 

*b
de

p;
so

ft
de

p 
*p

de
p;

so
ft

de
p 

*r
ea

tt
ac

h 
=

 N
U

L
L

;
in

t *
in

di
rd

ep
de

l =
 N

U
L

L
;

A
C

Q
U

IR
E

_L
O

C
K

;
w

hi
le

 (
bp

->
b_

de
p)

 {
bd

ep
 =

 b
p-

>
b_

de
p-

>
ne

xt
;

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(b
de

p)
;

if
 (

(b
de

p-
>

ty
pe

 =
=

 S
O

F
T

D
E

P
_F

R
E

E
B

L
O

C
K

S
) 

||
(b

de
p-

>
ty

pe
 =

=
 S

O
F

T
D

E
P

_F
R

E
E

F
R

A
G

) 
||

(b
de

p-
>

ty
pe

 =
=

 S
O

F
T

D
E

P
_F

IL
E

F
R

E
E

))
 {

bd
ep

->
li

st
ta

il
 =

 &
so

ft
de

p_
w

or
ki

te
m

_p
en

di
ng

;

�F�



ap
pe

nd
ix

95
/0

7/
27

15
:1

2:
17

21
so

ft
de

p_
ap

pe
nd

to
li

st
(b

de
p)

;
} 

el
se

 if
 (

bd
ep

->
ty

pe
 =

=
 S

O
F

T
D

E
P

_P
A

G
E

D
E

P
) 

{
so

ft
de

p_
ha

nd
le

_w
ri

tt
en

_f
il

ep
ag

e(
bd

ep
, b

p)
;

} 
el

se
 if

 (
bd

ep
->

ty
pe

 =
=

 S
O

F
T

D
E

P
_I

N
O

D
E

B
L

O
C

K
) 

{
so

ft
de

p_
ha

nd
le

_w
ri

tt
en

_i
no

de
bl

oc
k(

bd
ep

, b
p)

;
if

 (
bd

ep
->

ar
g[

0]
) 

{
re

at
ta

ch
 =

 b
de

p;
} 

el
se

 {
so

ft
de

p_
de

al
lo

ca
te

(b
de

p)
;

}
} 

el
se

 if
 (

bd
ep

->
ty

pe
 =

=
 S

O
F

T
D

E
P

_A
D

D
S

A
F

E
) 

{
pd

ep
 =

 (
so

ft
de

p 
*)

 b
de

p-
>

ar
g[

1]
;

pd
ep

->
ar

g[
5]

 =
 0

;
if

 (
pd

ep
->

ar
g[

6]
) 

{
} 

el
se

 if
 (

pd
ep

->
ar

g[
1]

 =
=

 S
O

F
T

D
E

P
_S

T
A

T
E

_A
T

T
A

C
H

E
D

) 
{

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(p
de

p)
;

so
ft

de
p_

de
al

lo
ca

te
(p

de
p)

;
} 

el
se

 {
pd

ep
->

ar
g[

1]
 =

 S
O

F
T

D
E

P
_S

T
A

T
E

_C
O

M
P

L
E

T
E

;
} so

ft
de

p_
de

al
lo

ca
te

(b
de

p)
;

} 
el

se
 if

 (
bd

ep
->

ty
pe

 =
=

 S
O

F
T

D
E

P
_A

L
L

O
C

S
A

F
E

) 
{

so
ft

de
p_

ha
nd

le
_b

lo
ck

al
lo

cd
ep

_p
ar

td
on

e(
bd

ep
);

} 
el

se
 if

 (
bd

ep
->

ty
pe

 =
=

 S
O

F
T

D
E

P
_B

IT
M

A
P

S
A

F
E

_B
L

O
C

K
) 

{
if

 (
bd

ep
->

ar
g[

2]
) 

{
so

ft
de

p_
ha

nd
le

_b
lo

ck
al

lo
cd

ep
_p

ar
td

on
e(

bd
ep

);
} 

el
se

 {
bd

ep
->

li
st

ta
il

 =
 &

so
ft

de
p_

co
m

pl
et

ed
_b

it
m

ap
de

ps
;

so
ft

de
p_

ap
pe

nd
to

li
st

(b
de

p)
;

}
} 

el
se

 if
 (

bd
ep

->
ty

pe
 =

=
 S

O
F

T
D

E
P

_B
IT

M
A

P
S

A
F

E
_I

N
O

D
E

) 
{

if
 (

bd
ep

->
ar

g[
7]

) 
{

w
hi

le
 (

pd
ep

 =
 (

so
ft

de
p 

*)
 b

de
p-

>
ar

g[
7]

) 
{

bd
ep

->
ar

g[
7]

 =
 p

de
p-

>
ar

g[
7]

;
pd

ep
->

ar
g[

6]
 =

 0
;

if
 (

pd
ep

->
ar

g[
5]

) 
{

} 
el

se
 if

 (
pd

ep
->

ar
g[

1]
 =

=
 S

O
F

T
D

E
P

_S
T

A
T

E
_A

T
T

A
C

H
E

D
) 

{
so

ft
de

p_
re

m
ov

ef
ro

m
li

st
(p

de
p)

;
so

ft
de

p_
de

al
lo

ca
te

(p
de

p)
;

} 
el

se
 {

pd
ep

->
ar

g[
1]

 =
 S

O
F

T
D

E
P

_S
T

A
T

E
_C

O
M

P
L

E
T

E
;

}
} so

ft
de

p_
re

m
ov

ef
ro

m
ha

sh
(b

de
p)

;
so

ft
de

p_
de

al
lo

ca
te

(b
de

p)
;

} 
el

se
 {

bd
ep

->
li

st
ta

il
 =

 &
so

ft
de

p_
co

m
pl

et
ed

_b
it

m
ap

de
ps

;
so

ft
de

p_
ap

pe
nd

to
li

st
(b

de
p)

;
}

} 
el

se
 if

 (
bd

ep
->

ty
pe

 =
=

 S
O

F
T

D
E

P
_I

N
D

IR
D

E
P

) 
{

B
U

F
_F

L
A

G
S

(b
p)

 |=
 B

U
F

_D
IR

T
Y

;

B
U

F
_M

E
M

O
R

Y
_B

L
O

C
K

(b
p)

 =
 b

de
p-

>
ar

g[
2]

;
if

 (
bd

ep
->

ar
g[

3]
) 

{
re

at
ta

ch
 =

 b
de

p;
} 

el
se

 {
in

di
rd

ep
de

l =
 (

in
t *

) 
bd

ep
->

ar
g[

4]
;

so
ft

de
p_

de
al

lo
ca

te
(b

de
p)

;
}

} 
el

se
 {

L
O

G
_E

R
R

O
R

("
U

nk
no

w
n 

so
ft

de
p 

ty
pe

 %
d 

at
 h

an
dl

e_
di

sk
_w

ri
te

_c
om

pl
et

e\
n"

, b
de

p-
>

ty
pe

);
IN

D
U

C
E

_F
A

U
L

T
()

;
}

} if
 (

re
at

ta
ch

) 
{

re
at

ta
ch

->
li

st
ta

il
 =

 &
bp

->
b_

de
p;

so
ft

de
p_

ap
pe

nd
to

li
st

(r
ea

tt
ac

h)
;

} F
R

E
E

_L
O

C
K

;
if

 (
in

di
rd

ep
de

l)
 {

K
E

R
N

E
L

_M
E

M
O

R
Y

_D
E

A
L

L
O

C
A

T
E

(i
nd

ir
de

pd
el

, B
U

F
_B

L
O

C
K

_S
IZ

E
(b

p)
);

}
} /*

 C
al

le
d 

fr
om

 w
it

hi
n 

th
e 

pr
oc

ed
ur

e 
ab

ov
e.

  N
ot

e 
th

at
 th

e 
so

ft
*/

/*
 u

pd
at

es
 lo

ck
 is

 h
el

d 
up

on
 e

nt
ry

 a
nd

 e
xi

t.
*/

vo
id

 s
of

td
ep

_h
an

dl
e_

bl
oc

ka
ll

oc
de

p_
pa

rt
do

ne
(d

on
e)

so
ft

de
p 

*d
on

e;
   

 /*
 th

e 
co

m
pl

et
ed

 d
ep

en
de

nc
y 

st
ru

ct
ur

e 
*/

{
so

ft
de

p 
*i

de
p 

=
 (

so
ft

de
p 

*)
 d

on
e-

>
ar

g[
2]

;
in

t f
re

ed
on

e 
=

 1
;

id
ep

->
ar

g[
8]

 =
 d

on
e-

>
ar

g[
6]

;
if

 (
do

ne
->

ar
g[

6]
) 

{
((

so
ft

de
p 

*)
do

ne
->

ar
g[

6]
)-

>
ar

g[
6]

 =
 0

;
} 

el
se

 if
 (

id
ep

->
ty

pe
 =

=
 S

O
F

T
D

E
P

_A
L

L
O

C
D

IR
E

C
T

) 
{

if
 (

(i
de

p-
>

ar
g[

4]
 !

=
 0

) 
&

&
 (

id
ep

->
ar

g[
3]

 !
=

 id
ep

->
ar

g[
4]

) 
&

&
 (

id
ep

->
ar

g[
2]

 <
 N

D
A

D
D

R
)

) 
{

do
ne

->
ty

pe
 =

 S
O

F
T

D
E

P
_F

R
E

E
F

R
A

G
;

do
ne

->
ar

g[
2]

 =
 id

ep
->

ar
g[

4]
;  

/*
 f

ir
st

 f
ra

g 
nu

m
be

r 
to

 f
re

e 
*/

do
ne

->
ar

g[
3]

 =
 id

ep
->

ar
g[

6]
;  

/*
 f

il
e 

si
ze

 in
 b

yt
es

 *
/

do
ne

->
ar

g[
5]

 =
 id

ep
->

ar
g[

2]
;  

/*
 lb

n 
in

 f
il

e 
*/

do
ne

->
li

st
ta

il
 =

 (
so

ft
de

p 
**

) 
do

ne
->

ar
g[

4]
;

so
ft

de
p_

ap
pe

nd
to

li
st

(d
on

e)
;

fr
ee

do
ne

 =
 0

;
} if

 (
id

ep
->

ar
g[

7]
 =

=
 S

O
F

T
D

E
P

_S
T

A
T

E
_A

T
T

A
C

H
E

D
) 

{
so

ft
de

p_
re

m
ov

ef
ro

m
li

st
(i

de
p)

;
so

ft
de

p_
de

al
lo

ca
te

(i
de

p)
;

} 
el

se
 {

id
ep

->
ar

g[
7]

 =
 S

O
F

T
D

E
P

_S
T

A
T

E
_C

O
M

P
L

E
T

E
;

}
} 

el
se

 if
 (

id
ep

->
ty

pe
 =

=
 S

O
F

T
D

E
P

_A
L

L
O

C
IN

D
IR

E
C

T
) 

{

� j
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in

t *
in

di
rd

ep
m

em
 =

 (
in

t *
) 

id
ep

->
ar

g[
4]

;
in

di
rd

ep
m

em
[(

id
ep

->
ar

g[
2]

)]
 =

 id
ep

->
ar

g[
3]

;
so

ft
de

p_
re

m
ov

ef
ro

m
li

st
(i

de
p)

;
so

ft
de

p_
de

al
lo

ca
te

(i
de

p)
;

} 
el

se
 {

L
O

G
_E

R
R

O
R

("
U

nk
no

w
n 

al
lo

c 
so

ft
de

p 
ty

pe
 a

t h
an

dl
e_

di
sk

_w
ri

te
_c

om
pl

et
e:

 %
d\

n"
, i

de
p

->
ty

pe
);

IN
D

U
C

E
_F

A
U

L
T

()
;

} if
 (

fr
ee

do
ne

) 
{

so
ft

de
p_

de
al

lo
ca

te
(d

on
e)

;
}

} /*
 C

al
le

d 
fr

om
 w

it
hi

n 
th

e 
pr

oc
ed

ur
e 

ab
ov

e 
to

 r
es

to
re

 in
-m

em
or

y
*/

/*
 in

od
e 

bl
oc

k 
co

nt
en

ts
 to

 th
ei

r 
m

os
t u

p-
to

-d
at

e 
st

at
e.

 N
ot

e
*/

/*
 th

at
 th

e 
so

ft
 u

pd
at

es
 lo

ck
 is

 h
el

d 
up

on
 e

nt
ry

 a
nd

 n
ev

er
*/

/*
 r

el
ea

se
d.

*/
vo

id
 s

of
td

ep
_h

an
dl

e_
w

ri
tt

en
_i

no
de

bl
oc

k(
in

od
eb

lo
ck

, b
p)

so
ft

de
p 

*i
no

de
bl

oc
k;

/*
 th

e 
"I

N
O

D
E

B
L

O
C

K
" 

de
pe

nd
en

cy
 s

tr
uc

tu
re

 *
/

st
ru

ct
 b

uf
 *

bp
;

/*
 th

e 
in

od
e 

bl
oc

k 
*/

{
so

ft
de

p 
*i

no
de

de
p;

so
ft

de
p 

*i
de

p;
so

ft
de

p 
*i

no
de

de
ps

 =
 N

U
L

L
;

so
ft

de
p 

*d
on

ea
ll

oc
s 

=
 N

U
L

L
;

st
ru

ct
 d

in
od

e 
*d

p;

w
hi

le
 (

in
od

ed
ep

 =
 (

so
ft

de
p 

*)
 in

od
eb

lo
ck

->
ar

g[
0]

) 
{

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(i
no

de
de

p)
;

dp
 =

 (
st

ru
ct

 d
in

od
e 

*)
B

U
F

_M
E

M
O

R
Y

_B
L

O
C

K
(b

p)
 +

 F
S

_I
N

O
D

E
_O

F
F

S
E

T
(i

no
de

bl
oc

k
->

ar
g[

1]
, i

no
de

de
p-

>
ar

g[
1]

);
if

 (
id

ep
 =

 (
so

ft
de

p 
*)

 in
od

ed
ep

->
ar

g[
6]

) 
{

id
ep

 =
 id

ep
->

ne
xt

;  
/*

 tr
av

er
se

 li
st

 f
ro

m
 h

ea
d 

to
 ta

il
 *

/
/*

 K
ee

p 
th

e 
bl

oc
k 

di
rt

y 
so

 th
at

 it
 w

il
l n

ot
 b

e 
re

cl
ai

m
ed

 *
/

/*
 u

nt
il

 a
ll

 a
ss

oc
ia

te
d 

de
pe

nd
en

ci
es

 h
av

e 
be

en
 c

le
ar

ed
 a

nd
 *

/
/*

 th
e 

co
rr

es
po

nd
in

g 
up

da
te

s 
w

ri
tt

en
 to

 d
is

k.
 *

/
B

U
F

_F
L

A
G

S
(b

p)
 |=

 B
U

F
F

E
R

_D
IR

T
Y

;
do

 { if
 (

id
ep

->
ty

pe
 !

=
 S

O
F

T
D

E
P

_A
L

L
O

C
D

IR
E

C
T

) 
{

L
O

G
_E

R
R

O
R

("
U

nk
no

w
n 

ar
g5

 s
of

td
ep

 ty
pe

 %
d 

in
 r

ea
tt

ac
h_

in
od

ed
ep

\n
",

 id
ep

->
ty

p
e)

;
IN

D
U

C
E

_F
A

U
L

T
()

;
} if

 (
id

ep
->

ar
g[

2]
 <

 N
D

A
D

D
R

) 
{

if
 (

D
IR

E
C

T
_B

L
O

C
K

_P
O

IN
T

E
R

(d
p,

 id
ep

->
ar

g[
2]

) 
!=

 id
ep

->
ar

g[
4]

) 
{

L
O

G
_E

R
R

O
R

("
D

ir
ec

t p
oi

nt
er

 #
%

d 
do

es
 n

ot
 m

at
ch

 a
t s

of
td

ep
_r

ea
tt

ac
h_

in
od

ed
ep

: 
%

d 
!=

 %
d\

n"
, i

de
p-

>
ar

g[
2]

, D
IR

E
C

T
_B

L
O

C
K

_P
O

IN
T

E
R

(d
p,

 id
ep

->
ar

g[
2]

),
 id

ep
->

ar
g[

4]
);

IN
D

U
C

E
_F

A
U

L
T

()
;

} D
IR

E
C

T
_B

L
O

C
K

_P
O

IN
T

E
R

(d
p,

 id
ep

->
ar

g[
2]

) 
=

 id
ep

->
ar

g[
3]

;

/*
 R

es
et

 th
e 

fi
le

 s
iz

e 
to

 it
s 

m
os

t u
p-

to
-d

at
e 

va
lu

e.
 *

/
if

 (
(F

IL
E

_S
IZ

E
(d

p)
 =

=
 id

ep
->

ar
g[

6]
) 

|| 
(i

de
p-

>
ar

g[
5]

 >
 F

IL
E

_S
IZ

E
(d

p)
))

 {
F

IL
E

_S
IZ

E
(d

p)
 =

 id
ep

->
ar

g[
5]

;
}

} 
el

se
 {

if
 (

IN
D

IR
E

C
T

_B
L

O
C

K
_P

O
IN

T
E

R
(d

p,
 (

id
ep

->
ar

g[
2]

 -
 N

D
A

D
D

R
))

 !
=

 0
) 

{
L

O
G

_E
R

R
O

R
("

In
di

re
ct

 p
oi

nt
er

 #
%

d 
do

es
 n

ot
 m

at
ch

 a
t s

of
td

ep
_r

ea
tt

ac
h_

in
od

ed
ep

: %
d\

n"
, (

id
ep

->
ar

g[
2]

 -
 N

D
A

D
D

R
),

 I
N

D
IR

E
C

T
_B

L
O

C
K

_P
O

IN
T

E
R

(d
p,

 (
id

ep
->

ar
g[

2]
 -

 N
D

A
D

D
R

))
);

IN
D

U
C

E
_F

A
U

L
T

()
;

} IN
D

IR
E

C
T

_B
L

O
C

K
_P

O
IN

T
E

R
(d

p,
 (

id
ep

->
ar

g[
2]

 -
 N

D
A

D
D

R
))

 =
 id

ep
->

ar
g[

3]
;

} if
 (

id
ep

->
ar

g[
7]

 =
=

 S
O

F
T

D
E

P
_S

T
A

T
E

_C
O

M
P

L
E

T
E

) 
{

id
ep

->
ha

sh
_n

ex
t =

 d
on

ea
ll

oc
s;

do
ne

al
lo

cs
 =

 id
ep

;
} 

el
se

 if
 (

id
ep

->
ar

g[
7]

 =
=

 S
O

F
T

D
E

P
_S

T
A

T
E

_U
N

D
O

N
E

) 
{

id
ep

->
ar

g[
7]

 =
 S

O
F

T
D

E
P

_S
T

A
T

E
_A

T
T

A
C

H
E

D
;

} 
el

se
 {

L
O

G
_E

R
R

O
R

("
U

nk
no

w
n 

al
lo

c 
so

ft
de

p 
st

at
e 

%
d 

at
 r

ea
tt

ac
h_

in
od

ed
ep

\n
",

 id
ep

->
ar

g
[7

])
;

IN
D

U
C

E
_F

A
U

L
T

()
;

} id
ep

 =
 id

ep
->

ne
xt

;
} 

w
hi

le
 (

id
ep

 !
=

 (
(s

of
td

ep
 *

)i
no

de
de

p-
>

ar
g[

6]
)-

>
ne

xt
);

} w
hi

le
 (

id
ep

 =
 d

on
ea

ll
oc

s)
 {

do
ne

al
lo

cs
 =

 id
ep

->
ha

sh
_n

ex
t;

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(i
de

p)
;

so
ft

de
p_

de
al

lo
ca

te
(i

de
p)

;
} if

 (
(i

no
de

de
p-

>
ar

g[
4]

 | 
in

od
ed

ep
->

ar
g[

5]
 | 

in
od

ed
ep

->
ar

g[
6]

) 
=

=
 0

) 
{

so
ft

de
p_

re
m

ov
ef

ro
m

ha
sh

(i
no

de
de

p)
;

so
ft

de
p_

de
al

lo
ca

te
(i

no
de

de
p)

;
} 

el
se

 {
in

od
ed

ep
->

ne
xt

 =
 in

od
ed

ep
s;

in
od

ed
ep

s 
=

 in
od

ed
ep

;
}

} w
hi

le
 (

in
od

ed
ep

 =
 in

od
ed

ep
s)

 {
in

od
ed

ep
s 

=
 in

od
ed

ep
->

ne
xt

;
in

od
ed

ep
->

li
st

ta
il

 =
 (

so
ft

de
p 

**
) 

&
in

od
eb

lo
ck

->
ar

g[
0]

;
so

ft
de

p_
ap

pe
nd

to
li

st
(i

no
de

de
p)

;
}

} /*
 C

al
le

d 
fr

om
 w

it
hi

n 
th

e 
pr

oc
ed

ur
e 

ab
ov

e.
  N

ot
e 

th
at

 th
e 

so
ft

*/
/*

 u
pd

at
es

 lo
ck

 is
 h

el
d 

up
on

 e
nt

ry
 a

nd
 e

xi
t.

*/
vo

id
 s

of
td

ep
_h

an
dl

e_
w

ri
tt

en
_f

il
ep

ag
e(

pa
ge

de
p,

 b
p)

so
ft

de
p 

*p
ag

ed
ep

;
/*

 "
P

A
G

E
D

E
P

" 
as

so
ci

at
ed

 w
it

h 
th

e 
fi

le
 p

ag
e 

*/
st

ru
ct

 b
uf

 *
bp

;
/*

 d
es

cr
ib

es
 th

e 
co

m
pl

et
ed

 d
is

k 
w

ri
te

 *
/

{

�>�
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w

hi
le

 (
pa

ge
de

p-
>

ar
g[

4]
) 

{
so

ft
de

p 
*p

de
p 

=
 (

(s
of

td
ep

 *
)p

ag
ed

ep
->

ar
g[

4]
)-

>
ne

xt
;

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(p
de

p)
;

if
 (

pd
ep

->
ty

pe
 =

=
 S

O
F

T
D

E
P

_R
E

M
O

V
E

) 
{

pd
ep

->
li

st
ta

il
 =

 &
so

ft
de

p_
w

or
ki

te
m

_p
en

di
ng

;
so

ft
de

p_
ap

pe
nd

to
li

st
(p

de
p)

;
} 

el
se

 if
 (

pd
ep

->
ty

pe
 =

=
 S

O
F

T
D

E
P

_A
L

L
O

C
S

A
F

E
) 

{
so

ft
de

p_
ha

nd
le

_b
lo

ck
al

lo
cd

ep
_p

ar
td

on
e(

pd
ep

);
} 

el
se

 {
L

O
G

_E
R

R
O

R
("

U
nk

no
w

n 
so

ft
de

p 
ty

pe
 %

d 
at

 h
an

dl
e_

w
ri

tt
en

_f
il

ep
ag

e\
n"

, p
de

p-
>

ty
pe

);
IN

D
U

C
E

_F
A

U
L

T
()

;
}

} so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(p
ag

ed
ep

);
if

 (
(p

ag
ed

ep
->

ar
g[

5]
 | 

pa
ge

de
p-

>
ar

g[
6]

 | 
pa

ge
de

p-
>

ar
g[

7]
 | 

pa
ge

de
p-

>
ar

g[
8]

) 
=

=
 0

) 
{

so
ft

de
p_

re
m

ov
ef

ro
m

ha
sh

(p
ag

ed
ep

);
so

ft
de

p_
de

al
lo

ca
te

(p
ag

ed
ep

);
} 

el
se

 {
/*

 T
hi

s 
oc

cu
rs

 o
nl

y 
fo

r 
di

re
ct

or
y 

bl
oc

ks
 w

it
h 

pe
nd

in
g 

en
tr

y 
*/

/*
 a

dd
it

io
n 

de
pe

nd
en

ci
es

.  
T

hi
s 

at
te

m
pt

s 
to

 e
ns

ur
e 

th
at

 th
e 

*/
/*

 m
os

t r
ec

en
t d

ir
ec

to
ry

 a
dd

it
io

ns
 r

ea
ch

 s
ta

bl
e 

st
or

ag
e 

w
it

hi
n 

*/
/*

 a
 r

ea
so

na
bl

e 
pe

ri
od

 o
f 

ti
m

e.
  I

f 
us

er
s 

ac
ce

ss
 th

e 
di

re
ct

or
y 

*/
/*

 b
lo

ck
 b

ef
or

e 
th

e 
15

 s
ec

on
ds

 e
xp

ir
e,

 th
e 

re
at

ta
ch

 r
ou

ti
ne

 *
/

/*
 (

be
lo

w
) 

re
m

ov
es

 th
e 

st
ru

ct
ur

e 
fr

om
 th

e 
de

la
ye

d 
w

or
ki

te
m

 q
ue

ue
. *

/
pa

ge
de

p-
>

li
st

ta
il

 =
 &

so
ft

de
p_

w
or

ki
te

m
_d

el
ay

ed
[(

(s
of

td
ep

_d
el

ay
no

 +
 1

5)
 &

 S
O

F
T

D
E

P
_

M
A

X
D

E
L

A
Y

M
A

S
K

)]
;

so
ft

de
p_

ap
pe

nd
to

li
st

(p
ag

ed
ep

);
}

} /*
 T

hi
s 

w
or

ki
te

m
 r

ou
ti

ne
 s

im
pl

y 
ac

ce
ss

es
 th

e 
co

rr
es

po
nd

in
g 

fi
le

*/
/*

 p
ag

e,
 r

ea
tt

ac
he

s 
th

e 
pa

ge
de

p 
an

d 
in

it
ia

te
s 

an
 a

sy
nc

hr
on

ou
s

*/
/*

 w
ri

te
.

*/
vo

id
 s

of
td

ep
_h

an
dl

e_
w

or
ki

te
m

_p
ag

ed
ep

(v
fs

id
, i

nu
m

, l
bn

)
in

t v
fs

id
;

/*
 V

F
S

 id
en

ti
fi

ca
ti

on
 f

or
 th

e 
fi

le
 *

/
in

t i
nu

m
;

/*
 in

od
e 

nu
m

be
r 

fo
r 

th
e 

fi
le

 *
/

in
t l

bn
;

/*
 b

lo
ck

 n
um

be
r 

w
it

hi
n 

fi
le

 o
f 

th
e 

fi
le

 p
ag

e 
*/

{
st

ru
ct

 in
od

e 
*i

p;
st

ru
ct

 f
bu

f 
*f

bp
;

ip
 =

 U
F

S
_G

E
T

_I
N

C
O

R
E

_I
N

O
D

E
(/

* 
 ..

.  
*/

);
if

 (
F

B
R

E
A

D
(/

* 
 ..

.  
*/

, &
fb

p)
) 

{
L

O
G

_E
R

R
O

R
("

fb
re

ad
 f

ai
le

d 
in

 s
of

td
ep

_h
an

dl
e_

w
or

ki
te

m
_p

ag
ed

ep
\n

")
;

IN
D

U
C

E
_F

A
U

L
T

()
;

} so
ft

de
p_

re
at

ta
ch

_p
ag

ed
ep

(i
p,

 lb
n,

 f
bp

);
F

B
A

W
R

IT
E

(f
bp

);
U

F
S

_R
E

T
U

R
N

_I
N

C
O

R
E

_I
N

O
D

E
(i

p)
;

}

19
. W

ri
ti

ng
 b

ac
k 

in
-c

or
e 

in
od

e 
st

ru
ct

ur
es

T
he

 f
il

e 
sy

st
em

 o
nl

y 
ac

ce
ss

es
 a

n 
in

od
e’

s 
co

nt
en

ts
 w

he
n 

it
 o

cc
up

ie
s 

an
"i

n-
co

re
" 

in
od

e 
st

ru
ct

ur
e.

  T
he

se
 "

in
-c

or
e"

 s
tr

uc
tu

re
s 

ar
e 

se
pa

ra
te

 f
ro

m
th

e 
pa

ge
 f

ra
m

es
 u

se
d 

to
 c

ac
he

 in
od

e 
bl

oc
ks

.  
O

nl
y 

th
e 

la
tt

er
 a

re
 tr

an
sf

er
re

d
to

/f
ro

m
 th

e 
di

sk
.  

S
o,

 w
he

n 
th

e 
up

da
te

d 
co

nt
en

ts
 o

f 
th

e 
"i

n-
co

re
" 

in
od

e
st

ru
ct

ur
e 

ar
e 

co
pi

ed
 to

 th
e 

co
rr

es
po

nd
in

g 
in

-m
em

or
y 

in
od

e 
bl

oc
k,

 th
e

de
pe

nd
en

ci
es

 a
re

 a
ls

o 
tr

an
sf

er
re

d.
  T

he
 f

ol
lo

w
in

g 
pr

oc
ed

ur
e 

is
 c

al
le

d
w

he
n 

co
py

in
g 

a 
di

rt
y 

"i
n-

co
re

" 
in

od
e 

to
 a

 c
ac

he
d 

in
od

e 
bl

oc
k.

/*
 T

hi
s 

ro
ut

in
e 

is
 c

al
le

d 
ju

st
 a

ft
er

 th
e 

"i
n-

co
re

" 
in

od
e 

*/
/*

 in
fo

rm
at

io
n 

ha
s 

be
en

 c
op

ie
d 

to
 th

e 
in

-m
em

or
y 

in
od

e 
bl

oc
k.

*/
/*

 R
ec

al
l t

ha
t a

n 
in

od
e 

bl
oc

k 
co

nt
ai

ns
 s

ev
er

al
 in

od
es

.
*/

vo
id

 s
of

td
ep

_u
pd

at
e_

in
od

eb
lo

ck
(i

p,
 d

p,
 b

p)
st

ru
ct

 in
od

e 
*i

p;
/*

 th
e 

"i
n_

co
re

" 
co

py
 o

f 
th

e 
in

od
e 

*/
st

ru
ct

 d
in

od
e 

*d
p;

/*
 th

e 
in

od
e 

bl
oc

k 
co

py
 o

f 
th

e 
in

od
e 

*/
st

ru
ct

 b
uf

 *
bp

;
/*

 th
e 

in
od

e 
bl

oc
k 

*/
{

so
ft

de
p 

*i
de

p;
in

t n
um

co
m

pl
et

e 
=

 0
;

in
t o

ld
bl

ks
iz

e;
so

ft
de

p 
*i

no
de

de
p 

=
 s

of
td

ep
_c

he
ck

fo
r_

so
ft

de
p(

V
F

S
_I

D
(i

p)
, I

N
O

D
E

_N
U

M
B

E
R

(i
p)

, -
1)

;
if

 (
in

od
ed

ep
 =

=
 N

U
L

L
) 

{
F

R
E

E
_L

O
C

K
;

re
tu

rn
;

} w
hi

le
 (

id
ep

 =
 (

so
ft

de
p 

*)
 in

od
ed

ep
->

ar
g[

4]
) 

{
id

ep
 =

 id
ep

->
ne

xt
;

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(i
de

p)
;

id
ep

->
li

st
ta

il
 =

 &
bp

->
b_

de
p;

so
ft

de
p_

ap
pe

nd
to

li
st

(i
de

p)
;

} w
hi

le
 (

id
ep

 =
 (

so
ft

de
p 

*)
 in

od
ed

ep
->

ar
g[

5]
) 

{
id

ep
 =

 id
ep

->
ne

xt
;

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(i
de

p)
;

id
ep

->
li

st
ta

il
 =

 (
so

ft
de

p 
**

) 
&

in
od

ed
ep

->
ar

g[
6]

;
so

ft
de

p_
ap

pe
nd

to
li

st
(i

de
p)

;
} if

 (
in

od
ed

ep
->

ar
g[

6]
 =

=
 0

) 
{

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(i
no

de
de

p)
;

so
ft

de
p_

re
m

ov
ef

ro
m

ha
sh

(i
no

de
de

p)
;

so
ft

de
p_

de
al

lo
ca

te
(i

no
de

de
p)

;
} 

el
se

 {
if

 (
(b

p-
>

b_
de

p 
=

=
 N

U
L

L
) 

|| 
(b

p-
>

b_
de

p-
>

ne
xt

->
ty

pe
 !

=
 S

O
F

T
D

E
P

_I
N

O
D

E
B

L
O

C
K

))
 {

in
od

eb
lo

ck
->

ty
pe

 =
 S

O
F

T
D

E
P

_I
N

O
D

E
B

L
O

C
K

;
in

od
eb

lo
ck

->
li

st
ta

il
 =

 &
bp

->
b_

de
p;

so
ft

de
p_

ap
pe

nd
to

li
st

(i
no

de
bl

oc
k)

;
/*

 M
ak

e 
ce

rt
ai

n 
th

at
 "

IN
O

D
E

B
L

O
C

K
" 

is
 a

t h
ea

d 
of

 li
st

 *
/

bp
->

b_
de

p 
=

 in
od

eb
lo

ck
->

pr
ev

;
in

od
eb

lo
ck

->
ar

g[
0]

 =
 0

;

�F£



ap
pe

nd
ix

95
/0

7/
27

15
:1

2:
17

24
in

od
eb

lo
ck

->
ar

g[
1]

 =
 F

S
_I

D
(i

p)
;

in
od

eb
lo

ck
->

ar
g[

2]
 =

 F
S

_B
L

O
C

K
_S

IZ
E

(F
S

_I
D

(i
p)

);
in

od
eb

lo
ck

 =
 N

U
L

L
;

} if
 (

in
od

ed
ep

->
li

st
ta

il
 =

=
 N

U
L

L
) 

{
in

od
ed

ep
->

li
st

ta
il

 =
 (

so
ft

de
p 

**
) 

&
bp

->
b_

de
p-

>
ne

xt
->

ar
g[

0]
;

so
ft

de
p_

ap
pe

nd
to

li
st

(i
no

de
de

p)
;

}
} if

 (
in

od
eb

lo
ck

) 
{

so
ft

de
p_

de
al

lo
ca

te
(i

no
de

bl
oc

k)
;

}
}

20
. I

n-
co

re
 in

od
e 

st
ru

ct
ur

e 
re

cl
am

at
io

n

B
ec

au
se

 th
er

e 
ar

e 
a 

fi
ni

te
 n

um
be

r 
of

 "
in

-c
or

e"
 in

od
e 

st
ru

ct
ur

es
, t

he
y

ar
e 

re
us

ed
 r

eg
ul

ar
ly

.  
B

y 
tr

an
sf

er
ri

ng
 a

ll
 in

od
e-

re
la

te
d 

de
pe

nd
en

ci
es

to
 th

e 
in

-m
em

or
y 

in
od

e 
bl

oc
k 

an
d 

in
de

xi
ng

 th
em

 s
ep

ar
at

el
y 

(v
ia

 "
IN

O
D

E
D

E
P

"s
),

w
e 

ca
n 

al
lo

w
 "

in
-c

or
e"

 in
od

e 
st

ru
ct

ur
es

 to
 b

e 
re

us
ed

 a
t a

ny
 ti

m
e 

an
d

av
oi

d 
an

y 
in

cr
ea

se
 in

 c
on

te
nt

io
n.

21
. P

ag
e 

fr
am

e 
re

cl
am

at
io

n

A
s 

w
it

h 
"i

n-
co

re
" 

in
od

e 
st

ru
ct

ur
es

, t
he

 s
et

 o
f 

pa
ge

 f
ra

m
es

 a
va

il
ab

le
 f

or
st

ag
in

g/
ca

ch
in

g 
fi

le
 d

at
a 

is
 f

in
it

e.
  B

ec
au

se
 o

f 
th

e 
in

te
gr

at
io

n 
of

 v
ir

tu
al

m
em

or
y 

an
d 

fi
le

 c
ac

hi
ng

 in
 o

ur
 b

as
e 

op
er

at
in

g 
sy

st
em

, c
ac

he
d 

fi
le

 p
ag

es
 c

an
be

 r
ec

la
im

ed
 b

y 
th

e 
vi

rt
ua

l m
em

or
y 

sy
st

em
 W

IT
H

O
U

T
 in

fo
rm

in
g 

th
e 

fi
le

 s
ys

te
m

.
T

he
re

fo
re

, o
ur

 im
pl

em
en

ta
ti

on
 m

us
t b

e 
ab

le
 to

 m
at

ch
 n

on
-s

at
is

fi
ed

 d
ep

en
de

nc
ie

s
to

 f
il

e 
pa

ge
s 

in
de

pe
nd

en
t o

f 
th

ei
r 

ca
ch

e 
st

at
us

.

/*
 T

hi
s 

ro
ut

in
e 

is
 c

al
le

d 
w

he
n 

th
e 

fi
le

 s
ys

te
m

 c
od

e 
ac

ce
ss

es
*/

/*
 a

ny
 f

il
e 

pa
ge

.  
It

 s
ho

ul
d 

be
 c

al
le

d 
to

 r
es

et
 a

ny
 u

nd
on

e
*/

/*
 u

pd
at

es
 b

ef
or

e 
th

e 
pa

ge
 is

 r
et

ur
ne

d.
  N

ot
e 

th
at

 s
uc

h 
w

or
k 

is
*/

/*
 n

ec
es

sa
ry

 o
nl

y 
w

it
h 

di
re

ct
or

y 
bl

oc
ks

.  
In

 o
ur

 im
pl

em
en

ta
ti

on
,

*/
/*

 it
 is

 n
ec

es
sa

ry
 to

 to
uc

h 
th

e 
fi

le
 p

ag
e 

be
fo

re
 c

al
li

ng
 th

is
*/

/*
 r

ou
ti

ne
, t

o 
m

ak
e 

ce
rt

ai
n 

th
at

 it
 is

 r
es

id
en

t i
n 

m
ai

n 
m

em
or

y
*/

/*
 (

so
 th

at
 th

e 
so

ft
 u

pd
at

es
 lo

ck
 is

 n
ot

 h
el

d 
w

hi
le

 f
au

lt
in

g 
it

 in
).

*/
vo

id
 s

of
td

ep
_r

ea
tt

ac
h_

pa
ge

de
p(

ip
, l

bn
, f

bp
)

st
ru

ct
 in

od
e 

*i
p;

/*
 th

e 
in

od
e 

fo
r 

th
e 

ac
ce

ss
ed

 f
il

e 
*/

in
t l

bn
;

/*
 th

e 
bl

oc
k 

nu
m

be
r 

w
it

hi
n 

th
e 

fi
le

 *
/

st
ru

ct
 f

bu
f 

*f
bp

;
/*

 th
e 

fi
le

 p
ag

e 
*/

{
so

ft
de

p 
*p

de
p;

st
ru

ct
 d

ir
ec

t *
en

tr
yp

tr
;

in
t n

um
co

m
pl

et
e 

=
 0

;
/*

 g
et

 th
e 

st
ar

ti
ng

 a
dd

re
ss

 o
f 

th
e 

pa
ge

 *
/

un
si

gn
ed

 in
t f

bp
ad

dr
 =

 F
S

_B
L

K
S

T
O

F
R

A
G

S
(F

S
_I

D
(i

p)
, F

S
_F

R
A

G
S

T
O

B
L

K
S

(F
S

_I
D

(i
p)

, 
(u

ns
ig

ne
d 

in
t)

 F
B

U
F

_M
E

M
O

R
Y

_B
L

O
C

K
(f

bp
))

);

so
ft

de
p 

*p
ag

ed
ep

 =
 s

of
td

ep
_c

he
ck

fo
r_

so
ft

de
p(

V
F

S
_I

D
(i

p)
, I

N
O

D
E

_N
U

M
B

E
R

(i
p)

, l
bn

);
if

 (
pa

ge
de

p)
 {

fo
r 

(i
=

5;
 i<

=
8;

 i+
+

) 
{

pd
ep

 =
 (

so
ft

de
p 

*)
 p

ag
ed

ep
->

ar
g[

i]
;

if
 (

pd
ep

 =
 N

U
L

L
) 

{
co

nt
in

ue
;

} do
 { if
 (

pd
ep

->
ar

g[
1]

 =
=

 S
O

F
T

D
E

P
_S

T
A

T
E

_A
T

T
A

C
H

E
D

) 
{

/*
 S

ki
p 

tr
av

er
si

ng
 th

e 
fu

ll
 li

st
 if

 it
s 

al
re

ad
y 

be
en

 *
/

/*
 a

tt
ac

he
d 

si
nc

e 
th

e 
la

st
 d

is
k 

w
ri

te
.  

N
ot

e 
th

at
 th

is
 *

/
/*

 w
ou

ld
 b

e 
be

tt
er

 a
cc

om
pl

is
he

d 
w

it
h 

a 
fl

ag
 in

 th
e 

*/
/*

 p
ag

ed
ep

. *
/

go
to

 r
ea

tt
ac

h_
pa

ge
de

p_
do

ne
;

} en
tr

yp
tr

 =
 (

st
ru

ct
 d

ir
ec

t *
)(

fb
pa

dd
r 

+
 p

de
p-

>
ar

g[
2]

);
D

IR
E

N
T

R
Y

_I
N

O
D

E
_N

U
M

B
E

R
(e

nt
ry

pt
r)

 =
 p

de
p-

>
ar

g[
3]

;
if

 (
pd

ep
->

ar
g[

1]
 =

=
 S

O
F

T
D

E
P

_S
T

A
T

E
_U

N
D

O
N

E
) 

{
pd

ep
->

ar
g[

1]
 =

 S
O

F
T

D
E

P
_S

T
A

T
E

_A
T

T
A

C
H

E
D

;
} 

el
se

 if
 (

pd
ep

->
ar

g[
1]

 =
=

 S
O

F
T

D
E

P
_S

T
A

T
E

_C
O

M
P

L
E

T
E

) 
{

pd
ep

->
ha

sh
_n

ex
t =

 d
el

li
st

;
de

ll
is

t =
 p

de
p;

} 
el

se
 {

L
O

G
_E

R
R

O
R

("
U

nk
no

w
n 

ad
d 

so
ft

de
p 

st
at

e 
in

 r
ea

tt
ac

h_
pa

ge
de

p:
 %

d\
n"

, p
de

p-
>

ar
g[

1]
);

IN
D

U
C

E
_F

A
U

L
T

()
;

} pd
ep

 =
 p

de
p-

>
ne

xt
;

} 
w

hi
le

 (
pd

ep
 !

=
 p

ag
ed

ep
->

ar
g[

i]
);

} w
hi

le
 (

pd
ep

 =
 d

el
li

st
) 

{
de

ll
is

t =
 p

de
p-

>
ha

sh
_n

ex
t;

so
ft

de
p_

re
m

ov
ef

ro
m

li
st

(p
de

p)
;

so
ft

de
p_

de
al

lo
ca

te
(p

de
p)

;
} so

ft
de

p_
re

m
ov

ef
ro

m
li

st
(p

ag
ed

ep
);

if
 (

(p
ag

ed
ep

->
ar

g[
4]

 | 
pa

ge
de

p-
>

ar
g[

5]
 | 

pa
ge

de
p-

>
ar

g[
6]

 | 
pa

ge
de

p-
>

ar
g[

7]
 | 

pa
ge

de
p-

>
ar

g[
8]

) 
=

=
 0

) 
{

so
ft

de
p_

re
m

ov
ef

ro
m

ha
sh

(p
ag

ed
ep

);
so

ft
de

p_
de

al
lo

ca
te

(p
ag

ed
ep

);
}

}
re

at
ta

ch
_p

ag
ed

ep
_d

on
e:

F
R

E
E

_L
O

C
K

;
}
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