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CachedURLs� :� an array that stores the information of all cached Web pages�
NewSize� :� the size of the new object to be stored in cache�
removeSize� :� the size of the object to be removed from cache�
CACHELIMIT� :� the storage limit of the cache�
CurrentTotal� :� current total storage size of all the cached objects�
K� :� the index of the object to be removed from cache�
maxAge� :� the access frequency of an object, the less frequent, the bigger�

if (CurrentTotal + NewSize) < CACHELIMIT�
return;� //The cache still has enough space, no need for replacement�

while(CurrentTotal + NewSize > CACHELIMIT)  {�
let i = 1;  // point the cursor to the first element of CachedURLs�
let K = 1;�
let maxAge = 0; //initialize�
while it's not the end of the cache list  {�

if the age of object CachedURLs(i) is bigger than maxAge  {�
assign the age of CachedURLs(i) to maxAge;�
let K = i;�
assign the size of CachedURLs(i) to removeSize;�

}�
else if the age of object CachedURLs(i) is equal to maxAge  {�

if the size of object CachedURLs(i) is bigger than removeSize  {�
assign the age of CachedURLs to maxAge;�
let K = i;�
assign the size of CachedURLs(i) to removeSize;�

}�
}�

}�

remove object CachedURLs(K) from cache;�
CurrentTotal = CurrentTotal - removeSize;�

}�
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Upon receiving the client URL request, check the cache to see if the page is in cache;�

point the counter to the first URL in cache;�
for all the cached pages, do�
   if the URL of current page is the same as the requested URL  {�

if the TTL of the current cache page has not expired  {�
return the corresponding Web page to the EB;�
set the access frequency value of current object to 0;�

}�
else  {�

send If-Modified-Since message to Server ;�
wait till reply from server is received;�
if the URL has expired  {�

inform EB to retrieve the Web page directly from origin server�
}�
else  {�

set the access frequency value of current object to 0;�
return the page to EB;�

}�
break out of the for-loop;�

}�
   }�
  else  {�

increase the access frequency of current object by 1;�
go to the next cached page;�

  }�

endfor�

E���
� >$�M (����&��� � '���&'&,��� ���
����

��%� � �� #�� ������� �� �� ��� 
��
 � ������ ���
��
�� )� ����� �"	��� ����

	�����&���
�&���� 	�
�
�� �����
 ���� � �����$

E
� ��� 	�
�	������ � ��	����������� �� �� �� ��
� � ���� #�� ������� �

��
��
 ���
� ���� �� :8 ������� � �9, 
������$ �� ��
��
 ����� )� ���� � 
��
�

��� �������� ������� �� ��� 
����� � ��� �
���������$ '��
��
�� )� �
����� �

��
��
&���� <��� ����� ������ ����������������� )���� *��	� � ���� � �	����� 	����

��� ����
 �	���� ����$ �� ������� '(�&� �������
* ��
������ ��� ���� ����

��� ��� ��		��� ��
� 	�
���� ���� 
����� �� �������� �	����$ '��
��
�� )�

������� ��� ��		��� ��
� ��
���� � ���� �� ����� ��� ��*�� ������
 � ��� 	���



������� �	 �������� ����
������ �����
���� @?

�	����� � ���� ��� ��*�� ������
 �	����� ��� ���� ���
������$

�� ��	�������� (�, �� ��*��� ������ ������� � '', ���
����$ #������

� ����*��� )�����
 ��� '', ����� � ��� ������ �H��� ��� �"	�
��� )������
 �

����� ��� ��		���� ��� ����� ������
 ����� �� �� #�� ������� ����������� �

�������� ��� �
�������$ E
� ��	���������� 	�
�	������� (�, ��� ��� ���������

� ���	������$

"�$  	��������
	

�� ��������� �� ���	��
 �� ����������� ���
���� 
����
�� ��
��
 ���� �**��	���$

'�� ��� ��
��� ����������� �		
��� 
����
�� ���� ��� ��
��
 ���� �� ��������&

��� ��������� )��� �
 ��*�)��������� ����� �
� ��� ��� 	�
���� � )���� ���

�������� )�
� ����� ��� ���� 	
���� )��� ��� �	���� 	�
����$ �� )� �
�����

��� ������� �	���� ��� �� ��*� ���� ����� ������� ��� ��������� � ��� ���

	��� ��� ������� ���)��$

E
 ����������� ���
����� )� ������� ��� ��		��� ��
� ��
���� � ���� �� ����

�� �� ����������� ������� �� �� �� �� �� �
����
��� ��� ��� �	���� 	�
����

�� �� �������$ A���� ���� ��� ��
���� ����� �� ��� �� ������� �� � �����

��� ���� ������� �� ���� � � ��
��� ���
� ������
 ���� 
������ � 98:$ �	�


�������� ���� �������� 98: )��� � ��
��� ��� ��� :8� ���� �� ������� ���


���� ��� ��� �H���� ���� ���� :8 ��� )���� ����� ��&�&���� ��� � ���

�	���� 	�
���� ���� ��� ��*�� 	���� � ��� ��
��
$ ������ �� ���� 	��� 	
"�

����� ��� �� ��������� ��
 ������ ������ ������� �� ��� ���� � 	
"� �������� ���

��
��� ���
� ������
 ����� � ����� �H���� �
� ��� �� ������ ��	�
�� �



������� �	 �������� ����
������ �����
���� @.

�
)��
 �������$

'�� ������ � ��� ����������� ������� �� ��
� ���	��� H��� ��� ���� ��$ �	�


�������� ��� ����������� �������� ��� ��� ��� 	���� ���� ������ ���� ���� ��

)��� �� �������$ #� ��� 
��� )
��� �)���
� ���� ����� �� ���������
�� �������

���� ��� 	
��� � ��� ���� ���
����� �� ������� �� �������� ��
��
� ��� ���

	���� ���� ������ ����
�� ���
����� � ��� ���� )��� ����� �� �	&�&���� ��� ��

�1����� �� ���� �	����$ 0�
� )� ��*� � ��
���
 �����	��� ���� ��� ��� 	�
�

� �� ���� ���
����� B�$�$� ������ ����� ���������� ���� 	
���� ���$C ���� ��������

��� ��� 	���� ���� ������ ��� ���
����� ���� ���� 	��� )��� �� ��&�&����� ����

���
��
�� ������ �	��� ����� �� �������$

'�� ��
��� ���
� ������
 �"����� ��� 
�� � ��
��
 �� �� ���������
$ #�

�� ������
 � ��� ��*�� ������
 ������� )� ��	�������� �� 	�����&���
�&���� ���

'',� �"��	� ���� �� 
������ �� 	
"�$

"�* 0��

�� )� ��������� �� ���	��
 �� �� �� � ��� �
��*� � ������ �		
	
���� ����� ������

� ��� �H����$ #� �� �� � ���� ��
��
 ��� � )��� ����
 ���
� �� �	���� ���

��*� 	����$ 8�� �� �� �� � ��
�� �
� #�� �������� )��� ���� � �� ����$ #� �


��	����������� )� �
��� ��� ��� ����� ��
� �* ����� ������� ��� ������ ���

����� ����� � �� � ������� � ��� ��
��
 ���� ��� ������
� ����&�&���� ����� ��

'', ���
����$ '��� ����� 
����� �� � ��) �
� #�� �������� ���� '',� ��� ��

�� �"	����� � 	�
�
� �����
 ���� (�, )���� *��	��� ��
�� ����������$

�� �
����� � <��� ����� ������ 
������������������ )���� 
������ � ��� ��
��




������� �	 �������� ����
������ �����
���� @-

��� *��	� �
��* � ��� ��� 
�������� ���� #5�$ ���� ��� ��
��
 �� ���� � ��*�

������� � � ��
���� ����� �� ����*� �� ���� �� �� �� ��� 
������ ����� �� � ��� ��

���

��
��
 	
���� )��� ���� ����� ��� ����� �
 ���� �� ��� �"	�
��$ '�� 	
���� � ������

���� �� ������
 � ���� � '',$ �� ��� �� ��� ����� � �� �H��� �� ����� ������ ���

����� ������
 ���� ������� ���
 
������� �� ���	�� 
���
� ��� ������ �	� )�����

���������� ��� �H���$ ���� �� ���� �"	�
��� ��� ��"� ��� )��� 
����� �� ��� ��������

����*$

E���
� >$2 ����� ��� 	����&��� � ,���� ���
���� ��	����������$



������� �	 �������� ����
������ �����
���� ? 

Server Side:�
  if a servlet is going to issue update statement to the database  {�
         send a message with the item ID to LeaseServerManager;�
         if there is a valid lease for that ID  {�

keep current servlet sleeping until the lease expires;�
         }�
         issue the SQL statement to database;�
   }�

Client Side:�
  upon receiving the client URL request, check the cache to see if the page is in cache;�
  for all the cached pages, do�
     if the URL of current page is the same as the requested URL  {�

if the lease of the current cache page has not expired  {�
return the corresponding Web page to the EB;�
set the access frequency value of current object to 0;�

}�
else  {�

send If-Modified-Since message to Server ;�
wait till reply from server is received;�
if the URL has expired  {�

inform EB to retrieve the Web page directly from origin server�
}�
else  {�

set the access frequency value of current object to 0;�
return the page to EB;�

}�
break out of the for-loop;�

}�
     }�
     else  {�

increase the access frequency of current object by 1;�
go to the next cached page;�

     }�

  endfor�
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CREATE TABLE �CUSTOMER�
( C_ID� INT not null,� //unique ID per customer�
  C_UNAME� VARCHAR(20),� //unique user name for customer�
  C_PASSWD� VARCHAR(20),� //user password for customer�
  C_FNAME� VARCHAR(17),� //first name of customer�
  C_LNAME� VARCHAR(17),� //last name of cusomer�
  C_ADDR_ID� INT,� //address ID of customer�
  C_PHONE� VARCHAR(18),� //phone number of customer�
  C_EMAIL� VARCHAR(50),� //email address of customer�
  C_SINCE� DATE,� //date of customer registration�

                          C_LAST_LOGIN� DATE,� //date of last visit�
                          C_LOGIN� TIMESTAMP,� //start of current customer session�
                          C_EXPIRATION� TIMESTAMP,� //current customer session expiry�
                          C_DISCOUNT� REAL,� //percentage discount for customer�
                          C_BALANCE� DOUBLE,� //balance of customer�
                          C_YTD_PMT� DOUBLE,� //Year-To-Date payment�
                          C_BIRTHDATE� DATE,� //birth date of customer�
                          C_DATA� VARCHAR(510),� //miscellaneous information�
                          PRIMARY KEY(C_ID))�
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CREATE TABLE �COUNTRY�
( CO_ID� INT not null,� //unique country ID�

                          CO_NAME� VARCHAR(50),� //name of country�
                          CO_EXCHANGE� DOUBLE,� //exchange rate to US Dollars�
                          CO_CURRENCY� VARCHAR(18),� //name of currency�
                          PRIMARY KEY(CO_ID))�

CREATE TABLE �ADDRESS�
( ADDR_ID� INT not null,� //unique address ID�

                          ADDR_STREET1� VARCHAR(40),� //street address, line 1�
                          ADDR_STREET2� VARCHAR(40),� //street address, line 2�
                          ADDR_CITY� VARCHAR(30),� //name of city�
                          ADDR_STATE� VARCHAR(20),� //name of state�
                          ADDR_ZIP� VARCHAR(10),� //zip code or postal code�
                          ADDR_CO_ID� INT,� //unique ID of country�
                          PRIMARY KEY(ADDR_ID))�

CREATE TABLE �ORDERS�
( O_ID� INT not null,� //unique ID per order�

                          O_C_ID� INT,� //customer ID of order�
                          O_DATE� DATE,� //order date and time�
                          O_SUB_TOTAL� DOUBLE,� //subtotal of all order-line items�
                          O_TAX� DOUBLE,� //tax over the subtotal�
                          O_TOTAL� DOUBLE,� //total for this order�
                          O_SHIP_TYPE� VARCHAR(10),� //method of delivery�
                          O_SHIP_DATE� DATE,� //order ship date�
                          O_BILL_ADDR_ID� INT,� //address ID to bill�
                          O_SHIP_ADDR_ID� INT,� //address  ID to ship order�
                          O_STATUS� VARCHAR(15),� //order status�
                          PRIMARY KEY(O_ID))�

CREATE TABLE �CC_XACTS�
( CX_O_ID� INT not null,� //unique order ID (O_ID)�
  CX_TYPE� VARCHAR(10),� //credit card type�
  CX_NUM� VARCHAR(20),� //credit card number�
  CX_NAME� VARCHAR(30),� //name on credit card�
  CX_EXPIRE� DATE,� //expiration date of credit card�
  CX_AUTH_ID� CHAR(15),� //authorization for trans. amount�
  CX_XACT_AMT� DOUBLE,� //amount for this transaction�
  CX_XACT_DATE� DATE,� //date and time of authorization�
  CX_CO_ID� INT,� //country where trans. originated�
  PRIMARY KEY(CX_O_ID))�
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CREATE TABLE �ITEM�
( I_ID� INT not null,� //unique ID of item�
  I_TITLE� VARCHAR(60),� //title of item�
  I_A_ID� INT,� //author ID of item�
  I_PUB_DATE� DATE,� //date of release of the product�
  I_PUBLISHER� VARCHAR(60),� //publisher of item�
  I_SUBJECT� VARCHAR(60),� //subject of book�
  I_DESC� VARCHAR(500),� //description of Item�
  I_RELATED1� INT,� //related item 1�
  I_RELATED2� INT,� //related item 2�
  I_RELATED3� INT,� //related item 3�
  I_RELATED4� INT,� //related item 4�
  I_RELATED5� INT,� //related item 5�
  I_THUMBNAIL� VARCHAR(40),� //pointer to thumbnail image�
  I_IMAGE� VARCHAR(40),� //pointer to image�
  I_SRP� DOUBLE,� //suggested retail price�
  I_COST� DOUBLE,� //cost of item�
  I_AVAIL� DATE,� //when item is available�
  I_STOCK� INT,� //quantity in stock�
  I_ISBN� CHAR(13),� //product ISBN�
  I_PAGE� INT,� //number of pages of book�
  I_BACKING� VARCHAR(15),� //type of book, paper or hard back�
  I_DIMENSIONS� VARCHAR(25),� //size of book in inches�
  PRIMARY KEY(I_ID))�

CREATE TABLE �ORDER_LINE�
( OL_ID� INT not null,� //unique order line item ID�
  OL_O_ID� INT not null,� //order ID of order line�
  OL_I_ID� INT,� //unique item ID (I_ID)�
  OL_QTY� INT,� //quantity of Item�
  OL_DISCOUNT� DOUBLE,� //Percentage discount off of I_SRP�
  OL_COMMENTS� VARCHAR(110),� //special instructions�
  PRIMARY KEY(OL_ID, OL_O_ID))�

CREATE TABLE �AUTHOR�
( A_ID� INT not null,� //unique author ID�
  A_FNAME� VARCHAR(20),� //first name of author�
  A_LNAME� VARCHAR(20),� //last name of author�
  A_MNAME� VARCHAR(20),� //middle name of author�
  A_DOB� DATE,� //date of birth of author�
  A_BIO� VARCHAR(500),� //about the author�
  PRIMARY KEY(A_ID))�
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