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Introduction

Internet search applications are now ubiquitous on the web. In a search application a user enters some form of search
criteria and the application returns search hits that match the criteria. Depending upon the nature of the application the
number of hits could range from very small to practicaly infinite. Search engines for Internet content or large eCommerce
product catalogs are examples of applications that could return extremely large numbers of hits. In this article, we
describe a J2EE design pattern for efficiently processing Internet searches and quickly displaying the results to the user.

Problem

A typica Internet search application will accept user search criteria and use it to retrieve matching items from a data store.
In applications such as a web search engine the number of matching hits could be unbounded. The hits are displayed one
page at atime and a PREVIOUS and NEXT button is presented to alow a user to page forward and backward through the
results. There may be many users performing searches at the same time.

Thefirst page of results must be returned quickly. Paging forward and backward must also be fast. Because of the large
number of concurrent users, the overhead for performing a search and displaying a page of results must be low.

A number of common strategies exist for processing large search result sets. These include:

- EJB Find Method: This approach involves using entity EJBs to represent the objects returned by the search. An EJB
find method would be defined on the EJB to perform the search. The EJB find method would then return the list of EJB
instances satisfying the search criteria. Although supported by the EJB specification, this approach is not practical because
of the high cost of instantiating EJB instances and the high cost of communicating with EJBs. Entity EJBs are generally
not suited for modeling fine-grained objects such as the objects returned by an Internet search. They are better suited for
modeling coarse-grained objects. The EJB V2.0 specification introduced the notion of local interfaces to EJBsto provide
lightweight access from co-located clients of the EJBs. The overhead of instantiating and accessing local interface EJBsis
presumably low enough to make them better suited for modeling fine grained objects. However, the find method would
dill incur a high cost to instantiate the entire set of EJBs that satisfy the search criteria.
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- Fetch all hitsinto a collection object before displaying first page: In this approach the entire search result set is
retrieved and placed in alarge collection object. Requests from the client for a subset of results are satisfied by copying a
subset of the objects in the main collection into a new smaller collection that is returned to the client. For large result sets
the cost and time it takes to retrieve al the results into a collection before being able to satisfy the first request for a subset
of the resultsis prohibitively high. Thisis the strategy used in the Value List Handler design pattern [CJP]. A variation of
this strategy is to fetch pointers to the result set items and to place them in alarge collection object. The pointers are used
to retrieve the items as each page is displayed. The cost of retrieving pointers can still be very high for large result sets.

- Re-execute the search query every time the client requests a subset of the hits: In this approach arequest for a
subset of the hits by the client is satisfied by re-executing the entire search and fetching only as many items as are
necessary to satisfy the user request. Most search applications return the hits in a specified order. This means that requests
for hits that occur latter in the return order will require retrieving and skipping over hits that appear earlier in the return
order. The overhead of re-executing the query along with the need to fetch and step over alarger and larger number of hits
with each client request for data makes this approach impractical for expensive search queries that return large result sets.

- Fetch several pages of hitsand store them: This approach involves executing the query and storing a subset of the hits
in a collection object. Typicaly, enough hits to satisfy requests to display severa pages worth of results would be stored.
A request for a subset of the hits by a client would be satisfied by first checking if the hits are in the saved collection
object. If so they are retrieved from there. If not, the query is re-executed and the contents of the original collection are
replaced with anew set of hits. The new set would include the hits currently being requested by the client. This strategy
can be efficient if users tend to browse through only the first few pages worth of hits. Of course, as soon as the user moves
to a page that requires hits that are not in the cached collection, there will be a delay due to the re-execution of the query
and fetching of the hits.

Solution

Use a generalized interface to abstract away the underlying implementation details of the search and list
processing logic. Provide an implementation of thisinterface to support efficient retrieval of largeresult setsfrom
relational databases.

A generdized ligt handling interface is used to encapsulate the underlying search and retrieval implementation details. The
interface is general enough to support virtually any type of underlying implementation and data store. To address the need
for retrieving search results from a relational database using JDBC there is a specidization of the generalized list handling
interface which is used for relational database access. To address the requirements for speed and efficiency an efficient
implementation of the specialized relational database interface is provided.

Structure

Figure 1 shows the class diagram for the Data List Handler pattern.
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Figure 2 shows the sequence diagram for the interaction of a client with a Data List Handler.



TheServerSide.com Page 4 Claudio Fratarcangeli

Client aDatalistHandler
iexecuteSearch()i
create()
getListChunk() i — aDatal istimpl

create() i
» aDataListChunk !
T iterator() ! |
t >l |
i create()/'|_| !
i aDatal istlteratorimpl : |
! . | |
[ 1 | |
hasNext() i | |
i | get) :
| ] |
| | |
next() " | i
i get) | i
| T i
! |
! |
| |
i !
| [}

|

H
|
|

Figure 2. Data List Handler Sequence Diagram
Client
This represents a client of the Data List Handler. The client asks the Data List Handler to execute a search and then

repeatedly requests a subset of the search results. The client can either be a Servlet tier component that handles
presentation of the results or it can be an EJB that might then channel the results back to another client in the Servlet tier.

DataList

Thisisagenerd list interface that is used to represent a collection of search results. It is designed to be more flexible than
the standard Java List interface. The greater flexibility alows for underlying implementations that could perform more
efficiently than would otherwise be possible. The difference between the List and Datalist interfaces is most evident
when comparing the signatures of the get methods of the two interfaces. It includes the following example methods:

- Datal istlterator iterator() returnsan iterator object that allows a client to step through the itemsin the list sequentialy.
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- void close() signas that the client no longer needs the results and that any resources being held can be rel eased.

- Object get(int index, Object item) returns the item at a particular position in the collection. The item argument is an
empty instance of a Class that represents an item in the collection. The method is designed to popul ate the state of the
empty instance with values that reflect the state of the item requested. It then returns the populated item instance. The
advantage of the get method is that it allows for underlying implementations in which the items in the collection may not
exist physicaly and are materialized at the time they are requested by a client. By passing in an empty object in which to
place the requested item we avoid the overhead of having to instantiate a new object with each get request. Without
passing in an empty object, it would be difficult to avoid the overhead of instantiating a new object.

- boolean isEmpty() determinesif thelist is empty

DatalListlterator

An interface analogous to the standard Java Iterator interface. The methods include:

- boolean hasNext() is strictly analogous to the List.hasNext method

- Object next(Object obj) obtains the next element in the underlying Datalist. Like the Datalist.get method, it accepts an
instance of a Class that represents items in the collection and populates it with state that reflects the item being requested.

It then returns the same object instance. This method differs from the standard Iterator.next method for the same reasons
outlined above for the difference between the Datal ist.get method and the List.get method.

DataListHandler

Thisis agenerdized list handling interface that is used by a client application to retrieve a subset of the results from an
internet search. Typically the client would retrieve enough hits to display on a single page. It includes the following
example methods:

- Datalist getListChunk(int startindex, int count) returns a subset of the search result hits.

- boolean e ementExists(int index) determinesif an item at a particular position in the list exists.

- void close() signalsthat the client no longer needs the results and that any resources being held can be rel eased.
DataListimpl

This class implements the Datal_ist interface to represent the entire collection of hits that satisfy a user search request.
DataListChunk

This class implements the Datal ist interface to represent a subset of the hits stored in a Datalistimpl instance. An
instance of this class would be created to satisfy arequest from a client for a subset of the hits in the collection to present a

page worth of hitsto the user. A DataListChunk would be returned by the DatalistHandler.getListChunk method.

DatalListlteratorimpl

Implements the DataListlterator interface. A client usesit to access and traverse the elements of a Datalistimpl or a
DataListChunk. It is created by the iterator method of a Datalistimpl or DatalistChunk. Typically a client would obtain a
Datal istChunk instance from a Datal.istHandlerlmpl and then call the iterator method of the Datal istChunk to get a
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Datal istIteratorlmpl instance that it can then use to traverse the elements of the DatalistChunk.

DataListHandlerImpl

This class implements DatalistHandler. The client interacts directly with this class to request a search. The
DatalistHandler uses a Data Access Object to perform a data store search and to create a Datalistimpl instance to store
the search results. It responds to getListChunk method requests by creating a DatalistChunk instance and returning it to
the client.

Relational Database Access Strategy

The strategy described here will focus on an efficient implementation of the Data List Handler pattern for accessing large
search result sets from arelationa database. This strategy involves the use of another layer of interfaces below the top
level Data List pattern interfaces. Whereas the outer level Data List interfaces are designed for processing search result
sets returned from any data source, the interfaces described here are tailored for processing result sets returned from
relational databases. The classes that participate in this strategy implement the lower level relationa database specific
interfaces rather than the outer level Data List interfaces. The structure of this strategy is given in figure 3 and the
sequence diagram is given in figure 4.
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Figure 3. Relational Database Access Strategy Class Diagram
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Figure 4. Relational Database Access Strategy Sequence Diagram

A common characteristic of strategies that do not perform efficiently is that they open and close JDBC Connection and
ResultSet objects with each request for search hits. The strategy described here, on the other hand, keeps the underlying
Connection and ResultSet objects open across requests. By keeping the ResultSet open across requests, it is possible to
only retrieve as many rows from the database as necessary to satisfy a given cal to getListChunk. We don't have to incur
the overhead of fetching items that the client is not requesting. In order to support random access to any subset of itemsin
the search result s, the scrollable ResultSet feature of JDBC 2.0 is used.

Before presenting the strategy participants and collaborations some background on JDBC 2.0 scrollable ResultSet's will
be given.

JDBC 2.0 Scrollable ResultSet's
JDBC 2.0 introduced the notion of a ResultSet type. They types are:

- TYPE_FORWARD_ONLY (Default, JIDBC 1.0 behavior) The ResultSet is not scrollable. It's cursor moves forward
only from before the first row to the last.

- TYPE_SCROLL_INSENSITIVE The ResultSet is scrollable. Its cursor can move backwards, forwards, and be
positioned either to an absolute row number or to arelative row number.
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- TYPE_SCROLL_SENSITIVE The ResultSet is scrollable like TYPE_SCROLL_INSENSITIVE. Unlike
TYPE_SCROLL_INSENSITIVE, changes committed by other users while the ResultSet is open are visible.

The following methods are available for scrollable ResultSets.

- public void previous() moves to the previous row

- public boolean absolute(int index) positions to an absolute row number

- public void beforeFirst() moves to before the first row in the ResultSet

- public void afterLast positions to after last row in ResultSet

- public void first() positions to first row

- public void last() positions to last row

- public int getRow() returns current row number. Rows are numbered starting with 1.

- public boolean isBeforeFirst() indicates if cursor is positioned before first row

- public boolean isAfterLast() indicates if cursor is positioned after last row

- public boolean isFirst() indicates if current row isfirst row

- public boolean isLast() indicates if current row islast row

The efficiency of a ResultSet implementation depends on the vendor. For example, Oracle has a very efficient
implementation. It implements scrollable ResultSets in the JDBC driver layer by fetching rows from the database in a
forward direction only. Asrows are fetched they are stored in a client-side memory cache maintained by the JDBC driver.
Requests for rows that have aready been retrieved from the database and placed in the client side cache are satisfied by
accessing them from the local cache. The driver only goes to the database to satisfy arequest for arow that isn't dready in
the cache.

Strategy Participants and Collaborations

ResultSetDatalList

Thisis an interface that extends the Datalist interface. This interface implies the concept of a cursor and a corresponding
current row for the underlying collection. Even though collections don't normally have such anotion, it isimportant to
expose the notion of a current row in the interface in order to accommodate underlying efficient implementations. The
interface has the following example methods that are tailored for relational database access using JDBC:

- boolean hasNext() determinesif there exists arow after the current row.

- void beforeFirst() determinesif the collection cursor is positioned before the first row of thelist.

- boolean absolute(int index) positions the cursor to a specific row number. Rows are numbered starting from 0.

- boolean elementExists(int index) indicatesif the item at position index exists
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ResultSetDataListimpl

This class implements ResultSetDatal_ist as a virtual collection that represents the entire result set of the client query. It
contains a scrollable JDBC ResultSet object that can aso be thought of as a virtua collection. An implementation of a
scrollable JDBC ResultSet like that of Oracle's defers fetching of rows from the database until the cursor is positioned to
the requested row. This reduces the time it takes to return the first set of rowsin the result set to the client to an absolute
minimum. It also avoids the overhead associated with implementations that retrieve all rows up front.

In addition to containing a ResultSet object, this class aso contains a reference to the JIDBC Connection object used to
create the ResultSet. Thisis necessary to preserve the ResultSet across client requests and is a key element of the strategy.

This class implements the get method of the Datalist interface by positioning the cursor of the underlying ResultSet
object to the requested row number and using ResultSet.get methods to fetch the field values of the row and placing them
in instance variables of the input Object argument. This illustrates the point made earlier about why the Datal ist.get
method differs from the standard List.get method. Because there is no physical underlying collection of objects, aList
interface style get method would require that a new object be instantiated to satisfy each get request.

ResultSetDataListChunk

This dass implements the ResultSetDatalL ist interface as a virtual collection that represents a subset of the elementsin
another ResultSetDatal ist. The subset it representsis the set of rows requested by aclient with acall to
DatalListHandler.getListChunk. Because a ResultSetDatal istChunk is itself a ResultSetDatalist it is possible to create a
ResultSetDatal istChunk that represents a subset of another ResultSetDatal istChunk. Because it isavirtual collection
with no physical underlying collection there islittle instantiation overhead.

ResultSetlterator

This class is an implementation of DataListlterator that is tailored to iterate over ResultSetDatal ists. This class provides
the key to understanding why the ResultSetDatal ist interface exists at al. If there were no ResultSetDatal ist interface,
ResultSetDatal istimpl and ResultSetDatal.istChunk would implement the Datalist interface directly. Then it would be
necessary to have two separate implementations of the Datal istlterator interface, one to iterate over a

ResultSetDatal istimpl and another to iterate over a ResultSetDatal istChunk. By introducing the ResultSetDatal ist
interface below the Datalist interface which ResultSetDatal istChunk and ResultSetDatalistimpl both implement, we can
get by with just one iterator class. The single ResultSetlterator class iterates over the interface rather than over any
specific implementation of the interface.

The implementation of the ResultSetlterator and the ResultSetDatal istimpl class shown in the sample code sections latter
in the document assumes that there will only ever be one instance of a ResultSetlterator for a given ResultSetDatal ist
instance. Thisis clearly not the normal behavior of a standard Java Iterator object. In fact, one of the main motivations for
the existence of an Iterator object is to allow concurrent traversals of the same list. The reason for imposing this constraint
on the ResultSetlterator implementation is that this allows us to assume that the cursor of the underlying JDBC ResultSet
is aready in the correct position when executing the ResultSetlterator.next method. Consequently, the code is smpler
and the performance is dightly better. Among the changes required to support multiple concurrent ResultSetlterator
objects for the same ResultSetDatal ist instance is to make some of the methods of the ResultSetDatal istimpl and
ResultSetDatal istChunk classes synchronized. For example, the get method would have to be synchronized.

ResultSetRowMapper

The ResultSetDatal istlmpl.get method accepts an Object as an input argument. The ResultSetDatalistimpl is a generic
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class with no specific knowledge of the structure of the rows returned by the underlying JDBC result set. Thus, it needs
some way to map the columns of arow of data to the instance variables of an Object passed in as an argument to the get
method. This is where the ResultSetRowM apper interface comesin. It maps columns of arow of data to instance
variables of an Object that represents an item in a search result set. It has the following method:

Object mapRow(ResultSet rs, Object item)  retrieves the columns of arow of data using ResultSet.getter methods and
stores them in instance variables of item. It returns the populated item object.

ResultSetRowMapperimpl

This class is an implementation of ResultSetRowM apper for a specific type of object. There is an implementation of this
class for each type of object stored in a search result set. All itemsin a search result set must be of the same type.

DataListHandlerimpl

The DatalistHandlerlmpl class which implements the DatalistHandler interface uses a Data Access Object to perform a
database search and to create a ResultSetDatalistimpl instance to store the search results.

DataAccessObject

Thisis an application specific class that executes the query against the database and creates a ResultSetDatal istimpl
object to store the IDBC ResultSet. It passes an application specific ResultSetRowM apperlmpl instance to the constructor
of ResultSetDatalistimpl needed to map ResultSet rows to an object that represents an item in the search result.

Connection Expiration Strategy

A key element of the relationa database access strategy is the preservation of database connections in the
ResultSetDatalistimpl object across client requests. Thisis problematic because database connections may remain open
for extended periods of time and there is overhead in maintaining open database connections. We address the problem by
extending the relational database access strategy to ensure that database connections are short lived. The structure of this
strategy is given in figure 5 and the sequence diagram is given in figure 6. Some of the classes from the relationa
database access strategy have been omitted to keep the diagrams readable. The steps after the getListChunk call sequence
have been omitted from figure 6 because they are the same as those in figure 4.
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Strategy Participants and Collaborations

We will describe new or modified participants and collaborations. See the Relational Database Access Strategy for a
description of the unchanged participants of that strategy.

ConnectionRegistry
Thisis an interface that represents a repository of open database connections. It has the following example methods:
- void registerConnection(Connection conn) registers a connection in the repository.

- void unRegisterConnection(Connection conn) removes a connection from the repository.
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- void touchConnection(Connection conn) signals that an operation has been performed on a connection in the repository.
- void expireldleConnections() closes idle connections and removes them from the repository.
CachedConnection

This class wraps a database Connection in the registry to provide atimestamp that represents the last time an operation
was performed on the Connection. It has the following example methods:

- void touch() updates the timestamp to indicate that an operation was performed on the contained Connection

- void expirelfldie(long maxldleMillisecs) closes the contained Connection object and flags the CachedConnection object
as expired if the timestamp indicates that the Connection object has been idle for at least maxIdieMillisecs milliseconds.

- boolean isExpired() indicates the expiration status of the Connection.

ConnectionRegistrylmpl

Thisis an implementation of the ConnectionRegistry interface that serves as a global repository of connections opened by
ResultSetDatal istlmpl objects. The global nature of the repository makes it suitable for implementation as a singleton. A
ResultSetDatal istimpl object calls registerConnection after it opens a connection and unRegisterConnection after it closes

a connection.

- void touchConnection(Connection conn) calls the touch method on the CachedConnection object that contains a
database connection.

- void expireldleConnections() calls the expirelfldie method of all CachedConnection objects in the registry. It then
removes each expired CachedConnection object from the repository.

Typicaly, we would schedule a background process to periodically invoke the expirel dleConnections method of the
singleton ConnectionRegistrylmpl object.

ResultSetDataL.ist
The following example methods have been added to this interface.

- void touchConnection() updates the timestamp associated with the underlying database connection in the
ConnectionRegistry.

- void setConnectionRegistry(ConnectionRegistry registry) sets the ConnectionRegistry to be used by the
ResultSetDatal ist to store database connections.

ResultSetDataListimpl

This class has been updated to implement the new methods of the ResultSetDatal ist interface. It is passed a
ConnectionRegistry either during instantiation or via the setConnectionRegistry method and retains areferenceto it. It
stores its database connection in the ConnectionRegistry. It is passed a ResultSetContextM anager instance during
instantiation.

It also implements a new method:
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- void resetContext(Connection conn, Statement stmt, ResultSet rs) resetsits internal references to the Connection object,
the underlying query Statement object, and the ResultSet object. It also registers the Connection object in the connection
registry and positions the ResultSet cursor to its origina location.

The implementation of touchConnection() delegates calls to the method of the same name in the ConnectionRegistry
object. The ConnectionRegistry.touchConnection method throws an exception if the connection has expired. The
ResultSetDatal istimpl.touchConnection method handles the exception by calling the resetContext method of a
ResultSetContextM anagerlmpl object to create a new database connection and execute the origina query. The
ResultSetContextManagerlmpl object then calls the resetContext method of the ResultSetDatal_istlmpl object passing it
the new database connection and ResultSet object. The resetContext method of the ResultSetDatal istimpl object registers
the new Connection in the ConnectionRegistry and stores references to the new Connection object and ResultSet object. It
then positions the cursor of the ResultSet object to its original location. At this point, everything is restored to its original
state and other than noticing a dight delay the caller has no idea that anything unusua has happened.

If the data accessed by your query is volatile, the result set returned by the query when it is re-executed might be different
than the original result set. In general, it would be very difficult to detect that the result set from a subsequent execution
differs from the first. Only in the situation where the new result set is smaller than the origina and the original result set
was positioned beyond the last item of the new result set would it be easy to detect a difference. The best that can be done
to get around this problem is to return a warning to the caller indicating that the result set was recreated and that it might
have changed.

ResultSetContextManager

Thisinterface is a key component of the connection expiration strategy. It knows how to restore a ResultSetDatal_istimpl
object whose database Connection object has been expired to its original state. This interface alows us to close underlying
connections while alowing an overlying ResultSetDatal_istimpl object to hide this from a caller. It has the following
example method:

- void resetContext(ResultSetDatal istimpl rs) restores the state of a ResultSetDatalistimpl object whose underlying
database connection has expired.

The ResultSetContextM anager interface is needed because ResultSetDatal istimpl is a generic class with no specific
knowledge of the underlying database access logic. This knowledge is encapsulated in the application specific

DataA ccessObject that creates the ResultSetDatal istimpl object. When a ResultSetDatal_istimpl object discovers through
its touchConnection method that the underlying database connection has expired it needs a way to communicate with the
original DataA ccessObject to create a new connection and re-execute the original query. Because a DataA ccessObject
does not expose a generic interface, the ResultSetContextM anager was introduced to serve this purpose.

ResultSetContextManagerimpl

This class implements the ResultSetContextM anager interface. It accepts a DataA ccessObject in its constructor and keeps
areference to it. It implements the resetContext method by requesting the DataA ccessObject to create a new database
connection and to execute the origina query. The ResultSetContextManagerimpl object then issues a callback to the
resetContext method of the ResultSetDatal istimpl object parameter passing it the new Connection and ResultSet object.
The resetContext method of the ResultSetDatalistimpl object completes the restoration of the context by positioning the
underlying ResultSet cursor to its pre-expired location.

Because this class appears to simply serve as awrapper for the DataA ccessObject class, one might wonder why we don't
simply have the DataA ccessObject implement the ResultSetContextManager interface directly and eliminate the need for
anew class. We choose to have a separate class because we need a place to store query context information such as query
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input parameter values. Without a separate class we would have to store query input values in the DataA ccessObject
itself. By not storing query state in the DataA ccessObject we have the flexibility of implementing the DataA ccessObject
asasingleton.

ResultSetDatalListChunk

Up until now we have focused on the importance of expiring connections that are idle. Now we wish to focus on
preventing connections from expiring prematurely. From our prior discussion it should be clear that we call the
touchConnection method of the ConnectionRegistry object to keep connections alive, but we haven't decided where and
how often to call the touchConnection method. On the one hand we don't want to do it too often because this would
introduce unnecessary call overhead. On the other hand, we need to do it frequently enough to prevent the connection
from expiring prematurely.

Ideally, we would like to call touchConnection everytime a client initiates an action on the DatalistHandlerlmpl object,
such as whenever aclient calls getDatalistChunk. Because getDatal istChunk creates a new ResultSetDatal istChunk
object everytime it is called, we accomplish this by having the constructor of ResultSetDatal.istChunk call
touchConnection on the underlying ResultSetDatal_istimpl object.

DataAccessObject

This class now passes an instance of a ResultSetContextManagerlmpl instance to the constructor of the
ResultSetDatal istimpl. The ResultSetContextM anagerl mpl accepts a reference to a DataA ccessObject in its constructor
and retains it for later use as described above.

DataListHandlerImpl

This classis an implementation of the DatalistHandler interface that accepts a ConnectionRegistry object as input to its
constructor. It passes the ConnectionRegistry object to the ResultSetDatal istimpl object that it creates to store the query
search results.

Servlet Connection Expiration Strategy

In this section we describe how to apply the connection expiration strategy to a Servlet environment. Thisis the most
efficient application of the strategy because it minimizes the number of tiers involved in moving data from the database to
the client. Since search functions typically do not execute in the context of a transaction nor do they incorporate a lot of
business logic, an EJB tier is not essential.

The first issue to resolve is to determine where to store the singleton ConnectionRegistrylmpl object. Of the possible
candidates, the ServletContext object isthe logical choice because it is a persistent globally accessible repository of
objects. Because it is globally accessible, a batch process can be written to periodically access the stored
ConnectionRegistrylmpl object and invoke its expirel dleConnections method. The other item to resolve is where to store
the DatalistHandlerlmpl object across Http requests. The logical choice here is the HttpSession object because the
Datal istHandlerlmpl object is specific to each session.

The structure of the strategy is given in figure 7 and sequence diagrams are given in figures 8 and 9.



TheServerSide.com

HttpSessionActivationListener

«interface»

7N

———a
|

Page 17

Claudio Fratarcangeli

«interface»
HttpSessionBindingListener

«uses»

ServletDataListHandler

+doSearch()

|
|
: +displayPage()
I
|
|
I

0.1

0\

«uses»

AR — kS

ApplicationServlet

«uses»
]

1

ConnectionRegistryServlietHome

R

+getRegistry()

DataListHandlerimpl

«uses»
.
[
[
[
[
[
1
[
[
1
[
[
[
[
[
|

«uses»
i

«uses».

- +executeSearch()
: +getListChunk()
N
«interface» 0.%
ServletContext
+setAttribute()
+getAttribute()
7
I
ServletContextimpl
1
1
0.1

ConnectionRegistrylmpl

«interface»

ConnectionRegistry

+expireldleConnections()

ZOY

ConnectionRegistryMonitor

I
I
I
«uses» |
I
I
I

Figure 7. Servlet Connection Expiration Strategy Class Diagram

0.1

|
|
|
|
A4

«interface»
HttpSession

HttpSessionimpl




TheServerSide.com Page 18 Claudio Fratarcangeli
Client ApplicationServlet
i ; i ConnectionRegistryServletHome
! submitQuery() !
]
create() :
| aServletDatal istHandler : aServletContextimpl
I
: getRegistry() l I
| 1 |
getAttribute() :
» 1
create() U
aConnectionReqistrylmpl |
|
[ [
setAttribute() |
} > !
I
T I
create() : |
aDatalistHandlerimpl
N ] If ConnectionRegistrylmpl is n
doSearch() : : found in ServletContext then
t | create a new one and store it in
executeQuery() ! ServletContext
aHttpSessionlmpl 'I_I
setAttribute() : T :
I
' I l
! I
! I
displayPage() : :
t L |
: getListChunk() I
I -
I
. 1
. I
nextPage() | I | |
| | [ |
getAttribute() : : :
| |
! I
! I
! I
. I I
dlsplayFl‘age() | |
1 | |
getListChunk() :

T
|
|
|
|
|

Figure 8. Servlet Connection Expiration Strategy Sequence Diagram

;



TheServerSide.com Page 19 Claudio Fratarcangeli
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Figure 9. Servlet Connection Monitor Sequence Diagram

Strategy Participants and Collaborations

ApplicationServlet

Thisis a Servlet that acts asaclient of the Data List Handler. The client asks the Data List Handler to execute a search
and then repeatedly requests a subset of the search results. The Servlet asks a ServletDatal istHandler object whichiisa
proxy for a DatalistHandlerlmpl object to execute a search and then repeatedly display a page of search results.

ConnectionRegistryServlietHome

In a Servlet environment we store a single ConnectionRegistrylmpl instance in the ServletContext object.
ConnectionRegistryServietHome is a factory class that provides access to the singleton ConnectionRegistrylmpl instance.
It implements the following static method:

- getRegistry(ServletContext sc) retrieves the singleton ConnectionRegistrylmpl instance from the ServlietContext
parameter. If it doesn't aready exist, it first createsiit.

In a clustered application server environment failover of HitpSession objects to another VM in the cluster is possible.
However, the contents of the ServletContext object including the ConnectionRegistrylmpl and all of its Connection
objects are not failed over. Thus, the first time getRegistry is called after failover to anew JVM, anew
ConnectionRegistrylmpl instance is created and stored in the new JVM's ServletContext.

Even if it were somehow possible to failover the contents of a ServletContext, we would still not failover the
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ConnectionRegistrylmpl object because failover is only possible for seriaizable objects. Because JDBC Connection
objects are not seridizable, there would be no point in trying to failover the ConnectionRegistrylmpl object.

ServletDataListHandler

In a Servlet environment we store the DatalistHandlerlmpl object in an HttpSession object in order to preserve it across
Http requests. Objects stored in the HttpSession object can implement two interfaces in order to be automatically notified
of important Servlet tier events, HttpSessionBindingListener and HttpSessionActivationListener. The

ServletDatal istHandler class was introduced to implement these interfaces as a proxy for the DatalistHandlerlmpl class.

The HttpSessionBindingListener.valueUnbound method is called when an object is removed from the HttpSession object,
most likely in the event of a session timeout. The ServletDatal istHandler implementation of this method calls the close
method of its DatalListHandlerlmpl object. The close method calls the close method of an underlying
ResultSetDatal_istimpl object that in turn closes its database connection.

In a clustered application server environment, it is possible to failover an active HttpSession to another VM in the cluster.
In order for a session object to fail over it must be seriaizable. For this reason, the ServletDatal istHandler, its underlying
DatalistHandlerlmpl and most of the objects it references directly and indirectly implement the Serializable interface.
Because JDBC Connection objects are not serializable, any instance variables that reference either a JDBC Connection
object or a ConnectionRegistrylmpl object are declared transient. We workaround the fact that Connection objects are not
serializable by having the ServietDatal istHandler class implement the HttpSessionActivationListener.sessionDidActivate
method. This method is called during migration of the seriaizable contents of an HttpSession object to another VM in
the cluster. The method gets an instance of the global ConnectionRegistrylmpl object from the
ServletConnectionRegistryHome in the new JVM and passes it to the underlying DatalistHandlerlmpl object viathe
setConnectionRegistry method. The setConnectionRegistry method stores a reference to the new ConnectionRegistry
object in atransent instance variable.

Of course, immediately after failover to anew JVM, the global ConnectionRegistrylmpl object in the new VM is empty.
This means that the first time we call a method on afailed over ResultSetDatal istimpl object there will be no JDBC
Connection object available. This is handled the same way recovery from an expired Connection is handled in the non-
faillover case. The getListChunk method of the DatalistHandlerlmpl object instantiates a new ResultSetDatal istChunk
object. Its constructor gets an exception when trying to touch the non-existent JDBC Connection in the
ConnectionRegistry. It then automatically reestablishes a new JDBC Connection and performs the previously documented
recovery steps to restore the ResultSetDatal_istlmpl object to its pre-failover state. This includes placing the new
Connection in the ConnectionRegistrylmpl object, re-executing the original query, creating a new JDBC ResultSet, and
positioning the ResultSet cursor to its origind location.

ConnectionRegistryMonitor

Thisclassis a Servlet that calls the ConnectionRegistryServlietHome.getRegistry method to access the singleton
ConnectionRegistrylmpl instance in the ServletContext. It then calls the expirel dleConnections method of the
ConnectionRegistrylmpl instance to close and remove any Connections that have been idle for too long. A batch job could
be set up to send an Http request to this Servlet on a periodic basis.

EJB Tier Strategy

Thisisavariation of the relational database access strategy in which the participant classes are located in the EJB tier. In
this scenario, a stateful EJB is the client of the Data List Handler API.
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Distributed Servlet/EJB Tier Strategy

Thisis avariation of the relational database access strategy in which the participant classes are located in both the Servlet
and EJB tiers. In this strategy a stateful EJB isthe client of arelational database access implementation of the Data List
Handler interfaces that resides in the EJB tier. A separate non-database implementation of the Data List interfaces exists
in the Servlet tier. Its client is the presentation layer of the Servlet tier. The Servlet tier implementation consists of a
business object delegate class that communicates with the EJB tier. A request to the Servlet tier

Datal istHandlerlmpl.getListChunk method is handled by forwarding the request to the EJB tier. The EJB tier getsa
ResultSetDatal istChunk instance from its DatalistHandlerlmpl object. It then fetches the elements from the
ResultSetDatal istChunk and places them in a physical List object. It then returns the List object to the Servlet tier
DataListHandlerlmpl.getListChunk method as a Datalist object. The Servlet tier DatalistHandlerlmpl.getL istChunk
method then returns the Datalist object to the original client.

Database Connection Pooling Strategy

An additional way to minimize the impact of long-lived open connections is to take advantage of features available in the
underlying database implementation. Oracle, for example, has features that substantially reduce the overhead associated
with individual database connections. These features are: shared server, database server connection pooling (not to be
confused with application server connection pooling), and session multiplexing. Shared server minimizes the memory
footprint of a database connection on the database server machine. The other two features, server connection pooling and
session multiplexing reduces the network overhead by sharing physical network connections to the database server
machine among multiple connected client processes. In the newest release, 9i, these features allow Oracle to support
1000's of concurrent database connections on even amoderately configured server.

Call Level Middle-Tier Connection Pooling Strategy

A final way to minimize the impact of long-lived open connectionsiis to take advantage of vendor-specific features of
JDBC drivers. Oracle, for example, supports cal level connection pooling in its JDBC driver. Traditiond middle-tier
connection pooling mechanisms allocate a physical connection from the pool to satisfy arequest for alogical connection.
The physical connection remains allocated until the client closes the logical connection. This implies that the maximum
number of concurrent logical connectionsis equal to the number of physical connections in the pool.

Oracle's call level connection pool, on the other hand, only allocates a physical connection from the pool for the duration
of aJDBC call. Once the call is completed, the physical connection is available to service another JDBC call from either
the same or different logical connection. Unlike a traditional connection pool, a call level connection pool allows the
number of concurrent logical connections to be far greater than the number of physical connections. This configuration
can support a large number of long-lived open logical connections with minimal overhead.

Another advantage of Oracle's call level connection pooling mechanism is that the logical connections do not have to have
the same database username and password as the underlying physical connections. Oracle accomplishes this by
distinguishing between a physical database connection and alogica database session. Multiple logical database sessions
with possibly different usernames can be multiplexed over the same physical database connection. This feature eliminates
the need to map al middletier clients to asingle shared database identity when communicating with the database. By
using a database user name and password associated with the currently logged in user, the true identity of the user is
readily available in the database tier. Thereis no need to implement specialized logic to communicate the true identity to
the database tier.

Consequences
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Provides a Generic Interface for Retrieving Search Results

The Data List Handler pattern provides a set of interfaces, DatalistHandler, Datalist, and Datal istlterator that insulate
the client from the underlying details of the search and retrieval implementation. Changes to the underlying
implementation require no changes to the client code.

Does not Require Search Results to be stored in a Physical Collection Object

The nature of the Datalistlterator and Datal ist interfaces allows for underlying implementations that do not involve a
physical collection of search result objects. The Datalistlterator.next and Datalist.get methods require an empty object as
an input argument into which an item in the collection is placed. This alows the underlying implementation the option of
not instantiating search result items as physical objects in a collection. This flexibility is needed for maximum efficiency.

Improves Efficiency of Retrieving Large Search Result Sets from a Relational
Database

The underlying implementation for accessing data from a relational database using the ResultSetDatal ist and
ResultSetDatal istiterator interfaces and their associated implementation classes provides for maximal efficiency. It keeps
the JDBC Connection and ResultSet objects open across client requests and makes use of JDBC 2.0 Scrollable ResultSets
to avoid having to fetch rows from the database until they are requested by the client. This represents a significant
improvement over aternative approaches that involve either pre-fetching all matching rows or re-executing the search
query every time the client requests a new subset of hits.

Overhead of Long-lived Open Database Connections

The ResultSetDatalist strategy requires the JDBC Connection to be preserved across client requests. In amulti-tiered
Internet environment this could cause the JIDBC Connection to remain open and idle for extended periods of time. Having
potentialy large numbers of open idle database connections could incur alot of overhead both on the application server
and database server. The Connection Expiration Strategy ensures that database connections that have been idle for an
extended period of time are closed. It closes idle connections while logically preserving the overlying

ResultSetDatal istimpl context. It does this by transparently creating a new database connection and JDBC ResultSet that
seemlessly takes the place of the original ResultSet.

Sample Code

Consider an Internet product catalog search application where a user searches for products by entering keyword search
criteria.

Implementing the Data List Handler Relational Database Access Strategy with
Connection Expiration

The ProductHandler class implements the DatalistHandler interface. It aso implements Serializable so that it can be
stored in an HttpSession object that can be migrated to another VM to support failover in a distributed Container
environment.

package com adept. app;

i mport com adept. util . Datali st;
i mport com adept. util . DataLi st Excepti on;
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i mport com adept. util. DataLi st Handl er

i mport com adept . db. Resul t Set Dat aLi st ;

i rport com adept . db. Resul t Set Dat aLi st npl ;

i nport com adept . db. Resul t Set Dat aLi st Chunk

i mport com adept. db. Connecti onRegi stry;

i mport com adept. db. I nval i dConnecti onException

i mport java.sql.*;
i mport java.io.Serializable;

public class ProductHandl er extends Object inplements Datali st Handl er
Serializable {

private Product Cat al ogDAO pr oduct Cat al og;
private Result SetDataLi stlnpl productDatali st;
private transient ConnectionRegi stry connRegistry;

/**
* ConnectionRegistry is stored in a transient variable
* pecause it contains JDBC Connection objects which are not
* serializable.
*/
publ i ¢ Product Handl er (Connecti onRegi stry connRegi stry)
t hrows Product Handl er Excepti on {
try {
product Cat al og = new Product Cat al ogDAQ() ;
this.connRegistry = connRegi stry;
} catch (SQLException e) {
t hrow new Product Handl er Excepti on(" Coul d not create DAO', e);
}
}

public void setConnectionRegi stry(ConnectionRegi stry connRegi stry) {
this.connRegistry = connRegi stry;
if (productDataList !'= null)
product Dat aLi st. set Connecti onRegi stry(connRegi stry);

}
/**
* Use data access object to execute a search and return
* a Resul t Set DatalLi st that encapsul ates a JDBC Resul t Set
*/
public void executeQuery(String keywords) throws Product Handl er Exception {
try {
product Dat aLi st = product Cat al og. execut eQuery(connRegi stry, keywords);
} catch(SQLException e) {
t hrow new Product Handl er Excepti on("Error executing query", e);

}
}

/**
* CGet a DatalList that represents a subset of the
* search results. Construct a Result Set DataLi st Chunk
* passing it a Result SetDatali st.
*/
publ i c DataLi st getListChunk(int startlndex, int count)
t hrows Dat ali st Exception {
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try {
return new Resul t Set Dat aLi st Chunk( pr oduct Dat aLi st, startl| ndex, count);

} catch (Exception e) {
t hrow new Dat aLi st Exception("Failed to getListChunk",e);

}
}
publ i ¢ bool ean el ement Exi sts(int index) throws DatalListException {
try {
return product Dat aLi st. el ement Exi st s(i ndex);
} catch(SQLException e) {
t hrow new Dat aLi st Exception("Error in elementExists" + e);
}
}

/** Rel ease resources, such as JDBC connection. */

public void close() throws DatalistException {
product Dat aLi st. cl ose();

}

The ResultSetDatal istimpl class implements ResultSetDatal ist.

public class ResultSetDataListlnpl inplenents Result SetDataLi st {

private Result Set Rowvapper rowwapper;
private Connection conn;

private Statenent stnt;

private ResultSet rs;

publ i ¢ Resul t Set Dat aLi st | npl (
Resul t Set RowMapper rowvapper, Connecti on conn,
Statenent stm, ResultSet rs) {
/1 Set instance variabl es

}

public DatalListlterator iterator()
t hrows Dat ali st Exception {

try {
return new Resul t Set DatalListlterator(this);
} catch ... // Handl e exception

}

public void close() throws DatalistException {
//close ResultSet, Statement, and Connecti on
}

/
Put object state in itemand return it.

Use rowMapper to nmap fields of ResultSet to
i nstance variables of item

Resul t Set index ranges from1, while

Resul t Set Dat aLi st i ndex ranges from O.

L T T
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public Object get(int index, Object item
t hrows Dat aLi st Exception, |ndexQut Of BoundsException {
try {
if (rs.absolute(index+l)) {
if (rs.getRowm) != index + 1)
t hrow new | ndexQut Of BoundsException();
return rowhvapper. mapRow(rs, item;
} else
t hrow new | ndexQut Of BoundsExcepti on();
} catch ... // Handl e exception

}

public bool ean hasNext () throws SQLException {
return !'rs.isLast() & (rs.getRow() !'= 0 ||
rs.isBeforeFirst());

}

public void beforeFirst() throws SQLException {
rs.beforeFirst();
}

/'l index ranges fromO .. num.el enents.

/1 JDBC ResultSet index ranges from1 ..

publ i ¢ bool ean absol ute(int index) throws SQLException {
return rs. absol ute(index + 1);

}
publi c bool ean i sEnpty() throws DatalLi stException {
try {
return I'rs.isBeforeFirst() &k !Irs.isAfterLast() &&
rs.getRow() == 0;
} catch ... // Handle exception
}
/*
* Preserve current |ocation of cursor
* Find out if element exists
* Put cursor back where it was to begin with
*

/
public bool ean el ement Exi sts(int index)
throws SQLException {
bool ean beforeFirst = rs.isBeforeFirst();
bool ean afterLast = rs.isAfterLast();
int currlndex = rs.get Row);
bool ean exists = rs. absol ute(index + 1);
if (beforeFirst)
rs.beforeFirst();
else if (afterlLast)
rs.afterlLast();
else if (currlndex !'= 0)
rs. absol ute(currl ndex);
return exists;
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The ResultSetDatalistChunk class implements ResultSetDatalist. It implements Serializable so that
it can be migrated to ancther VM in a distributed environment. It stores non-serializable objects like a IDBC Connection
and ResultSet in transient variables.

package com adept. db

i mport com adept.util.*;

i mport java.sql.*;

i mport java.util.x*;

i mport java.io.Serializable;

public class Result SetDataListlnpl inplenents Result SetDat aLi st,
Serializable {

private Result Set RowMapper rowMapper

private transient Connection conn;

private transient Statenent stnt;

private transient ResultSet rs;

private transient ConnectionRegi stry connRegistry;
private Result Set Cont ext Manager rsContext Manager;
private int currlndex = -1;

/**
* Regi ster the Connection object in the ConnectionRegistry so that it
* can be expired if it is idle too |ong.
*/
publ i ¢ Resul t Set Dat aLi st | npl ( Resul t Set Rowvapper rowMapper
Connection conn, Statenment stnt, ResultSet rs,
ConnectionRegi stry connRegi stry,
Resul t Set Cont ext Manager rsCont ext Manager) {
thi s. rowMapper = row\vapper;

this.conn = conn;

this.stm = stnt

this.rs = rs;

this.connRegistry = connRegi stry;

t hi s. rsCont ext Manager = rsCont ext Manager ;
this. connRegi stry. regi sterConnecti on(conn);

}

public void setConnectionRegi stry(ConnectionRegi stry connRegi stry) {
this.connRegistry = connRegi stry;
}

~
*

0% ok X X X X X F F

~

Updates timestanp of ConnectionRegistry to indicate that Connection is

active and should not be expired any time soon. |If the Connection has already
expired, touchConnection returns an InvalidConnectionException. In this case
we ask the Result Set Context Manager to restore the ResultSetDataListlinpl to its
original state. The Result Set Cont ext Manager will create a new Connecti on

and execute the original query. It will then do a call back to the

the reset Context nmethod of the ResultSetDatalistlnpl object to conplete
restoration of state.

public void touchConnection() throws Result SetDatali st Cont ext Lost Excepti on
I nval i dConnecti onRegi stryException, SQLException {
if (connRegistry == null) {
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t hrow new | nval i dConnecti onRegi stryException();

}
try {
connRegi stry. t ouchConnecti on(conn);
return;
} catch (InvalidConnectionException e) {
}
r sCont ext Manager . r eset Cont ext (t hi s);

}
/

*
This method woul d be called by a ResultSet Cont ext Manager to conplete
restoration of state after an idle JDBC Connection was expired.
This method is called after a new JDBC Connection is established and
the query is re-executed. This nmethod positions the Result Set
* cursor to its original l|ocation.
*/
public void reset Context(Connection conn, Statement stmnmt, ResultSet rs)
t hrows Resul t Set Dat aLi st Cont ext Lost Excepti on {
this.conn = conn;
this.stm = stnt;
this.rs = rs;
/!l Register the new connection
this.connRegi stry.regi sterConnecti on(conn);
/*
* We try to position the ResultSet to where it was before the
* underlying Connection expired. If we can't we throw an exception
* This method is called after re-executing the original query. If the
* underlying data has changed, then it is possible that the query
* mght return fewer itenms this tinme around and we m ght not be able
* to position the ResultSet to the original record nunber.

* X X X X

*/
if (currlndex == -1)
return;
el se {
try {
if (rs.absolute(currlndex+1))
return,;

t hrow new Resul t Set Dat aLi st Cont ext Lost Excepti on();
} catch (SQLException e) {

t hrow new Resul t Set Dat aLi st Cont ext Lost Exception(e);
}

}
}

public DataListlterator iterator() throws DatalLi stException {
try {
return new Result Set DataLi stlterator(this);
} catch (SQLException e) {
t hrow new Dat aLi st Exception("Error creating iterator", e);
}
}

private void cl oseExcepti on(SQLException e) throws DatalLi st Exception {
t hrow new Dat aLi st Exception("Error in close" + e);
}
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public void close() throws DatalistException {
if (conn !'= null)
try {
if (conn.isClosed())
return;
} catch (SQLException e0) {
cl eanup();
cl oseExcepti on(e0);

if (rs !'= null)
try {
rs.close();
} catch (SQLException el) {
cl eanup();
cl oseException(el);
}
if (stmt !'= null)
try {

st .close();
} catch (SQLException e2) {
cl eanup();
cl oseException(e2);
}
if (conn !'= null)
try {
conn. cl ose();
connRegi stry. unRegi st er Connecti on(conn);
} catch (SQLException e3) {
cl eanup();
cl oseException(e3);

}
}
private void cleanup() {
if (rs !'=null)
try {
rs.close();
} catch (SQLException e0) {}
if (stmt !'= null)
try {
stnt.close();
} catch (SQLException el) {}
if (conn !'= null)
try {
conn. cl ose();
connRegi stry. unRegi st er Connecti on(conn);
} catch (SQLException e2) {}
}

public Object get(int index, Object item throws DatalListException

I ndexQut Of BoundsExcepti on {

try {
if (rs.absolute(index+1l)) {
currlndex = index;
if (rs.getRow() != index + 1)

t hr ow new | ndexQut Of BoundsExcepti on();
return rowMapper. mapRow(rs, item;

Claudio Fratarcangeli
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} else
t hr ow new | ndexQut Of BoundsExcepti on();
} catch (SQLException e) {
t hrow new Dat aLi st Exception("Error in get", e);
}
}

publ i ¢ bool ean hasNext () throws SQLException {
return I'rs.isLast() && (rs.getRow() != 0 ||
rs.isBeforeFirst());

}

public void beforeFirst() throws SQ.LException {
rs.beforeFirst();

}

/**

* @aramindex Range is O .. numelenments. Result set index
* ranges from1 ..

*/

public bool ean absol ute(int index) throws SQLException {
if (rs.absolute(index+l)) {
currlndex = index;
return true;
} else
return fal se;

}

publ i c bool ean i sEnpty() throws DatalListException {
try {
return I'rs.isBeforeFirst() &% !rs.isAfterlLast() &&
rs.get Rom) == 0;
} catch (SQLException e) {
t hrow new Dat aLi st Exception("Error in is Enmpty", e);
}

}

publ i ¢ bool ean hasMre() {
return fal se;
}

publ i c bool ean el enment Exi sts(int index) throws SQ.Exception {
bool ean beforeFirst = rs.isBeforeFirst();
bool ean afterLast = rs.isAfterLast();
int currlndex = rs.get Row);
bool ean exists = rs. absol ute(index + 1);
if (beforeFirst)
rs.beforeFirst();
else if (afterlLast)
rs.afterlLast();
else if (currlndex !'= 0)
rs. absol ute(currl ndex);
return exists;
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ResultSetDatal istlterator implements DatalistIterator.
package com adept. db;

i mport com adept.util.*;
i mport java.sql.*;
i mport java.util.*;

public class Result SetDatalistlterator
i mpl enents DatalListlterator {

private Result SetDatalLi st rsDat alLi st;
private int currentlndex = 0;

publi c Resul t Set Dat aLi stlterator(ResultSetDataList rsDataList)
t hrows SQLException {
this.rsDatalList = rsDatali st;
rsDat aLi st. beforeFirst();

}

publ i ¢ bool ean hasNext () throws DatalLi st Exception {

try {
return rsDat aLi st. hasNext () ;

} catch (SQLException e) {
t hrow new Dat aLi st Excepti on("Error in has next", e);
}

}

public Object next(Object obj) throws NoSuchEl ement Excepti on,

Dat aLi st Excepti on {

bj ect obj ect;

try {
obj ect = rsDatali st.get(currentlndex, obj);

} catch (1 ndexQut Of BoundsException e) {
t hrow new NoSuchEl ement Excepti on();

}

/1 Only increnment index after getRow is successful.
current | ndex++;
return object;

ProductRowM apper implements ResultSetRowMapper. It populates a ProductDataltem from the fields of a ResultSet
row.

public class Product Rowivapper i nplenments Result Set RowMapper {

publ i c Product Rowvapper () {
}
public Object mapRow( ResultSet rs, Object itenmbj)
throws SQLException {
ProductDataltemitem = (ProductDatalten)itenmbj;
itemid = rs.getlnt("ID");
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itemdescr = rs.getString("DESCR");
return item

}
}

ProductCatal ogRSContextManager knows how to restore the state of a ResultSetDatal istimpl object after its IDBC
Connection was closed for being idle for to long. It accepts a DAO in its constructor which it delegates its work to. It
implements Serializable so that it can be migrated to another VM in a distributed environment.

package com adept. app

i mport java.io.Serializable;
i mport com adept. db. *;
i mport java.sql.*;

publ i c class Product Cat al ogRSCont ext Manager i npl enents Resul t Set Cont ext Manager
Serializable {

private Product Cat al ogDAO dao;
private String keywords;

/**

* Save the DAO and the original query search string for use
* in reset Context.
*/
publ i ¢ Product Cat al ogRSCont ext Manager ( Pr oduct Cat al ogDAO dao,
String keywords) {
this. dao = dao;
this. keywords = keywords;

}

/**
* The DAO excutes the original query using the original search string.
* Then pass the new Connection and ResultSet to
* Resul t Set Dat aLi stlnpl which completes the restoration of its state.
*/
public void reset Context(ResultSetDataListlnpl rsDataList) throws SQLException
Resul t Set Dat aLi st Cont ext Lost Excepti on {
DBResul t Set dbRs = dao. execQuery(keywords);
rsDat aLi st.reset Cont ext (dbRs. conn, dbRs.stnt, dbRs.rs);

}

The ProductCatalogDAO is the data access object used to execute the database search and to wrap a
ResultSetDatal istimpl object around a JDBC ResultSet. It implements Serializable so that
it can be migrated to another VM in a distributed environment.

package com adept . app

i nport com adept. db. Resul t Set Dat alLi st ;

i nport com adept . db. Resul t Set Dat aLi st | npl ;

i mport com adept. db. Resul t Set Cont ext Manager
i mport com adept. db. Connecti onRegi stry;
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i mport com adept. db. DBResul t Set ;

i mport java.io.Serializable;

i nport java.util.*;

i mport java.sql.*;

i mport java.io.Serializable;

public class Product Catal ogDAO i npl enents Serializable {

private Product RowMapper product RowMapper;

/**

* Create Result Set RowMapper instance to be used to map

* rows to ProductDataltem object instances.
*/
publ i ¢ Product Catal ogDAQ() throws SQLException {
product RowMapper = new Product RowMvapper ();
}

/**

* Execute search using keywords as search criteria.
*/
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publ i c Result Set Dat aLi stlnpl executeQuery(ConnectionRegi stry connRegi stry,

String keywords) throws SQLException {
DBResul t Set dbRs = execQuery(keywords);
return new Resul t Set Dat aLi st | npl (
product RowMapper, dbRs.conn, dbRs.stnt, dbRs.rs,

}

/**
* DBResultSet is a convenience class for storing
* a JDBC Connection, Statement and ResultSet object.
*/
DBResul t Set execQuery(String keywords)
throws SQLException {
Connection conn = null
PreparedSt atenent stm = null
ResultSet rs = null
try {
conn = get Connection();
stnmt = conn. prepareSt at enent (
"select id, descr from product " +

"where descr like "% | |upper(?)|]|'% order by id",
Resul t Set . TYPE_SCROLL_I| NSENSI Tl VE, Resul t Set . CONCUR_READ_ONLY) ;

stm.setString(1, keywords);

rs = stnt.executeQuery();

return new DBResul t Set (conn, stnt,rs);
} catch (SQLException se) {

cl oseResul tSet(rs);

cl oseStatenent (stnt);

cl oseConnecti on(conn);

t hrow se;

connRegi stry,
new Product Cat al ogRSCont ext Manager (thi s, keywords));
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}
ConnectionRegistrylmpl is a repository of CachedConnection objects that implements the ConnectionRegistry interface.
package com adept. db

i mport java.util.~*;
i mport java.sql.*;

public class ConnectionRegistrylnpl inplenments ConnectionRegistry {

private HashMap cachedConnecti ons = new HashMap();
private | ong maxConnectionldl eMIlisecs;

/**
* Sessions are expired if they are idle for > maxConnecti onl dl eSecs
* seconds.
*/
publ i ¢ ConnectionRegi stryl npl (i nt maxConnecti onl dl eSecs) {
t hi s. maxConnectionldleM|Ilisecs = maxConnectionldl eSecs * 1000;
}

public void registerConnection(Connection conn) {
cachedConnecti ons. put (conn, new CachedConnecti on(conn));
}

public void touchConnection(Connection conn) throws |nvalidConnectionException {
CachedConnecti on cachedConn = (CachedConnecti on)cachedConnecti ons. get (conn);
if (cachedConn == null) {
t hrow new | nval i dConnecti onExcepti on();

cachedConn. t ouch();
}

publ i c voi d unRegi st er Connecti on( Connection conn) {
cachedConnecti ons. renove(conn);

}

/**
* Expire any connections that have been idle for > maxConnecti onl dl eSecs
* seconds. Because we are operating on a single data structure on which
* we performmnultiple discrete operations, we nmust synchroni ze access.
* This should not create a bottl eneck because there is no urgency
* to expiring connections.
*/
public synchroni zed voi d expireldl eConnections() {
Iterator it = cachedConnections.values().iterator();
while (it.hasNext()) {
CachedConnecti on cachedConn = (CachedConnection)it.next();
cachedConn. expirel fl1dl e(maxConnectionldleM I Iisecs);
i f (cachedConn.isExpired()) {
it.remove();
}
}
}
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CachedConnection is a container class for a JDBC Connection object stored in the ConnectionRegistry. It provides
lastTouchedTime and expired instance variables. The lastTouchedTime is used to identify Connections that have been idle
for too long and need to be expired.

package com adept. db

i mport java.sql.Connection
i mport java.util.Date;
i mport java.sql.*;

public class CachedConnection {
private Connection conn;
private Date | ast TouchedTi me = new Date();
private bool ean expired = fal se

CachedConnecti on( Connecti on conn) {
this.conn = conn;

}
/

*

Updat es | ast TouchedTine to indicate that Connection is active. Method

is synchroni zed because we want to avoid situation where one thread

calls this method at about the sane tine that a Connection Mnitor

thread calls expirelfldle on the sane CachedConnection object. In this case,
the touch could succeed in updating the |astTouchedTi me, but before the

met hod conpl etes expirelfldle in another thread could have cl osed the
Connecti on.

L . T T T

~

public synchronized void touch() throws InvalidConnecti onException {

if (!expired)
| ast TouchedTi me = new Date();
el se
t hrow new I nval i dConnecti onException();
if (!JdbcUtil.isValidConnection(conn)) {
try {

conn. cl ose();
} catch (SQLException e) {
}
expired = true;
t hrow new | nval i dConnecti onException();
}
}

/**
* | f the | astTouchedTi ne indicates that Connection has been idle |Ionger
* than mexldleM I lisecs, then close the Connection and set expired to true.
* We use synchronization in order to avoid a race condition between
* this method and touch in different threads.
*/
public void expirelfldle(long maxldleMIlisecs) {
| ong now = new Date().getTime();
synchroni zed(this) {
if (lastTouchedTine.getTinme() + maxldleMIIlisecs >= now)
return,;

try {
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conn. cl ose();
expired = true;
} catch (SQLException e) {
}
}
}

publ i c bool ean isExpired() {
return expired;

}
}

Implementing the Servlet Connection Expiration Strategy

The interaction of a client servlet program with the the Datal istHandler interface isillustrated. The doGet method
presents aform that allows a user to enter search criteria. The doPost accepts a request either to execute a new search or to
scroll to a new page of results for a search in progress. It delegates most of its work to a ServletProductHandler object
which is a proxy for ProductHandler which implements the Datal istHandler interface.

package com adept.client;

i mport javax.servlet.*;

i mport javax.servlet.http.*;
i mport java.io.*;

i nport java.util.*;

public class DataListClientServletl extends HtpServlet {
private static final String CONTENT _TYPE = "text/htm ; charset=w ndows-1252";
private static final String NEXT_PAGE FlI ELD = "next Page";

private static final String PREV_PAGE FI ELD = "prevPage";
private static final String NEXT_PAGE_LABEL = "Next";
private static final String PREV_PAGE_LABEL = "Previous";

private stati
private stati
private stati
private stati
private stati
private stati
private stati
private stati

final String PRODUCT_SEARCH HANDLER = " PRODUCT_SEARCH HANDLER";
final String ACTION = "action";

final String QUERY_FIELD = "queryString";

final String SUBM T_QUERY = "SUBM T_QUERY";

final String NAVI GATE_PAGE = "NAVI GATE_PAGE";

final String START_INDEX = "startl ndex";

final String END_I NDEX = "endl ndex";

final int PAGE_SIZE = 10;

OO0 O0O0O0O0O000O00O0OO0

/] Servl et Product Handl er phandl er; Debuggi ng

public void init(ServletConfig config) throws Servl et Exception {
super.init(config);

}

public void doGet(HttpServl et Request request, H tpServl et Response response) throws

Servl et Exception, | OException {

response. set Cont ent Type( CONTENT_TYPE) ;

PrintWiter out = response.getWiter();

out.println("<htm >");

out.println("<head><title>Enter Query</title></head>");

out. println("<body><br><br>");

out.println("<br><br><fornt);
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out.println(" rnethod=\"post\"");
out.println(" action=\"" + request.getRequestURL() + "\">");
out.println(" <input type=\"hidden\" name=\"" + ACTION + "\" value=\"" +
SUBM T_QUERY + "\">"
out.println(" <input type=\"text\" name=\"" + QUERY_FIELD + "\">"
out.println(" <input type=\"hidden\" name=\"startlndex\" value=\"-1\">"
out.println(" <input type=\"hidden\" name=\"endl ndex\" val ue=\"-1\">"
out.println(" <input type=\"hidden\" name=\"" + NEXT_PAGE_FI ELD +
"\" value=\"true\">"
out.println(" <input type=\"subnmit\" name=\"Search\" val ue=\"Search\">"
out.println("</form");
out.println("</body></htm >");
out.close();

}

public void doPost (Htt pServl et Request request, HttpServl et Response response)
throws Servl et Exception, | OException {
String action = request. get Paraneter (ACTI ON);
if (action.equal s(SUBM T_QUERY))
execut eQuery(request, get Servl et Context());
di spl ayQuer yHi t Page(request, response);
}

/*
* Create a new Servl etProductHandl er to do search and store
* it in HttpSession object for subsequent requests.
*/
private void executeQuery(HttpServl et Request request,
Servl et Cont ext context) throws ServletException {
try {
String query = request. get Paranet er ( QUERY_FI ELD)
Ser vl et Product Handl er handl er = new Servl et Product Handl er (cont ext);
handl er. doSear ch(query);
/I phandl er = handl er;
request. get Session().setAttri but e( PRODUCT_SEARCH HANDLER, handl er)
} catch (Exception e) {
t hrow new Servl et Exception(e);
}
}

/-k
* Display a page of results using the ServletProductHandl er which
* is stored in the HttpSession object.
*/
private void displayQueryH t Page(HttpServl et Request request,
Ht t pSer vl et Response response) throws Servl et Exception {
int startlndex = Integer.parselnt(request.getParaneter ( START_|I NDEX)) ;
int endlndex = Integer. parselnt(request.getParaneter ( END_I NDEX) ) ;
String prevPage = request. get Paranet er (PREV_PAGE_FI ELD)
i nt newStartl ndex;
if (prevPage != null && prevPage.equal s("true"))
newSt artl ndex = startlndex - PAGE_SI ZE;
el se
newSt art |l ndex = endl ndex + 1;
/1 Servl et Product Handl er handl er = phandl er;
Ser vl et Product Handl er handl er = (Servl et Product Handl er)
request. get Session().get Attri but e( PRODUCT_SEARCH HANDLER)
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try {
handl er. di spl ayPage(request, response, CONTENT_TYPE
newSt ar t | ndex, PAGE_SI ZE,
PREV_PAGE _FI ELD, NEXT_PAGE_FI ELD, PREV_PAGE LABEL
NEXT_PAGE_LABEL, ACTI ON, NAVI GATE_PAGE);
} catch (Exception e) {
t hrow new Servl et Exception(e);
}
}

}

ServletProductHandler is a proxy for ProductHandler which implements the Datal.istHandler interface. It is stored in the
HttpSession object and implements interfaces that alow it to react to session life-cycle events. It implements Seriaizable
to support migration to anew JVM in a distributed environment. It aso handles some display functionality. Search results
are stored in objects of class ProductDataltem.

package com adept.client;

i mport com adept . app. Product Dat al t em

i rport com adept . app. Product Handl er

i rport com adept . app. Product Handl er Excepti on

i nport com adept.util . Datali st;

i mport com adept.util. DataListException

i mport com adept.util.DataListlterator

i mport com adept. util. DataLi st Handl er

i mport com adept. db. Connecti onRegi stryServl et Hore;

i mport javax.servlet.*;
i port javax.servlet.http.*;

inport java.io.PrintWiter;
i mport java.io.Serializable;
i mport java.io.l OException

public class Servl et Product Handl er extends Object
i mpl ements Htt pSessi onActi vati onLi stener, HttpSessi onBi ndi ngLi st ener
Serializable {

private static final String CONTENT_TYPE = "text/html; charset=w ndows-1252"

ProductDataltemitem = new ProductDatalten();
Product Handl er handl er;

/**

* Creates a new ProductHandl er to which it del egates nmost of its
* work. It gets a ConnectionRegistry fromthe
* Connecti onRegi stryServl et Hore.
*/
public Servl et Product Handl er ( Servl et Cont ext sc)
t hrows Product Handl er Excepti on {
handl er = new Product Handl er (
Connecti onRegi stryServl et Hone. get Regi stry(sc));

}

publi ¢ bool ean doSearch(String keywords) throws ProductHandl er Excepti on
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}

Dat aLi st Excepti on {
handl er . execut eQuer y( keywor ds) ;
return handl er. el enent Exi st s(0);

public void displayPage(HttpServl et Request request,

}

Ht t pSer vl et Response response, String
content Type, int startlndex, int count, String previousFiel dNane,
String nextFieldNane, String previousLabel, String nextLabel
String actionFi el dNane, String action)
t hrows Dat aLi st Exception, | OException {
response. set Cont ent Type( cont ent Type) ;
PrintWiter out = response.getWiter();
out.println("<htm >");
out.println("<head><title>Query Results</title></head>");
out. println("<body><br><br>");
Dat aLi st dl = handl er. getLi st Chunk(startl|ndex, count);
Dat aLi stlterator iterator = dl.iterator();
int i = startlndex;
while (iterator.hasNext()) {
item = (ProductDataltemiterator.next(item;
out.printIn("ID:" + itemgetld());
out.println("DESCR " + item getDescr() + "<BR><BR>");
i ++;
}
bool ean nor eBef ore;
if (startlndex == 0)
noreBefore = fal se
el se
nor eBef ore = handl er. el ement Exi sts(startl ndex-1);
bool ean noreAfter = handl er. el enment Exi st s(startl ndex+count);
i f (noreBefore)
print Form(request, out, startlndex,i-1, previousFiel dNane,
previ ousLabel , actionFi el dName, action);
if (noreAfter)
print Form(request, out, startlndex,i-1, nextFiel dNanme,
next Label, acti onFi el dName, action);
out.println("</body></htm >");
out.close();

private void printForn(HttpServl et Request request, PrintWiter out,
int startlndex, int endlndex, String navigateFieldNanme, String | abel

String actionFieldNane, String action) {
out. print("<br><br><forn);
out.print(" nmethod=\"post\"");
out.println(" action=\"" + request.getRequestURL() + "\">");

out.println(" <input type=\"hidden\" name=\"startlndex\" value=\"" +

startlndex + "\">"

out.println(" <input type=\"hidden\" name=\"endl ndex\" value=\"" +
endl ndex + "\">"

out.println(" <input type=\"hidden\" name=\"" + navi gat eFi el dNane +
"\'" value=\"true\">"

out.println(" <input type=\"hidden\" name=\"" + actionFi el dNane +
"\" value=\"" + action + "\">"

out.println(" <input type=\"submt\" name=\"page\" value=\"" + | abe
s
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+
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out.println("</form");

}

public void cleanup() throws DatalLi st Exception {
handl er. cl ose();
}

~
*

L R T S

~

Met hod of the HttpSessionActivationListener interface.

It is called when an Htt pSession object is mgrated to

a new JVMin a distributed environment to support failover.
Because the ConnectionRegistry and its contents are not
serializable, it does not mgrate to the new JVM so we mnust
obtain a new ConnectionRegistry in the new JVM and pass it to the
m grat ed Product Handl er.

public void sessionDi dActivate(H tpSessi onEvent se) {
Servl et Context sc = se. get Session().getServletContext();
handl er. set Connecti onRegi stry(
Connecti onRegi strySer vl et Horme. get Regi stry(sc));

}

public void val ueBound( Ht t pSessi onBi ndi ngEvent event) {

}

/**

* Method of the HttpSessi onBi ndi ngLi stener interface.

* It is called when an object is renoved fromthe HttpSession
* such as when the HttpSession expires. cleanup

* ultimately closes the underlying JDBC Connection.

*/
public void val ueUnbound( Htt pSessi onBi ndi ngEvent event) {
try {
cl eanup();
} catch (DatalistException e) {}
}
public void sessionWI | Passivate(HttpSessi onEvent se) {
}

}

ConnectionRegistryServlietHome is a factory class that creates and controls access to a singleton ConnectionRegistrylmpl
object that is stored in the web application's ServletContext.

package com adept . db;
i nport javax.servlet. Servl et Cont ext ;
public class ConnectionRegi stryServl et Hone {
private static final String CONN_REG STRY_NAME =
"com adept . db. CONNECTI ON_REG STRY_NAME";

private static final String CACHED CONNECTI ON_TI MEQUT _SECS =
"com adept . db. CACHED_CONNECTI ON_TI MEQUT_SECS";
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*

Retri eve the singleton ConnectionRegistrylnpl object fromthe ServletContext.
If it is not found, then create a new instance and store it in the
Servl et Context. We use synchronization because anot her thread coul d

have created a new Connecti onRegi strylnpl instance and stored it in the
Servl et Context immedi ately after the current thread checked but before it had
a chance to a create a new i nstance

CACHED_CONNECTI ON_TI MEOUT_SECS is the name of an Init Paraneter for this

web application that indicates the idle connection tinme out time in seconds.

b B

~

public static ConnectionRegistry getRegi stry(ServletContext context) {
ConnectionRegi stry registry =
(Connecti onRegi stry)context.getAttri bute( CONN_REG STRY_NAME) ;
if (registry !'= null)
context.log("registry found");
el se
context.log("registry not found");
if (registry == null) {
synchroni zed( Connecti onRegi stryServl et Horre. cl ass) {
registry =
(Connecti onRegi stry)context.getAttri bute( CONN_REG STRY_NAME) ;
if (registry == null) {
i nt mexldl eSecs =
I nt eger. parsel nt (cont ext. getlnitParaneter(
CACHED_CONNECTI ON_TI MEQUT_SECS) ) ;
regi stry = new ConnectionRegi stryl npl (maxl dl eSecs) ;
context.setAttri bute( CONN_REG STRY_NAME, registry);
}
}
}

return registry;
}

}

ConnectionRegistryMonitor is a servlet that obtains the singleton ConnectionRegistrylmpl object stored in the
ServletContext from ConnectionRegistryServlietHome. It then calls expirel dleConnections to close and discard any JDBC
connections that have been idle too long. A background job would typically be configured to periodicaly call this Servlet
to expire idle connections.

package com adept. db

i mport javax.servlet.*;

i mport javax.servlet.http.*;
i mport java.io.*;

i mport java.util.*;

public class ConnectionRegi stryMonitor extends HttpServliet ({
private static final String CONTENT _TYPE = "text/htm ; charset=wi ndows-1252"

public void init(ServletConfig config) throws Servl etException {
super.init(config);

}

public void doGet(HttpServl et Request request, HttpServl et Response response)
throws Servl et Exception, | OException {
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Connecti onRegi stry cr =

Connecti onRegi strySer vl et Horme. get Regi stry(get Servl et Context());
cr.expireldl eConnections();
response. set Cont ent Type( CONTENT_TYPE) ;
PrintWiter out = response.getWiter();
out.println("<htm >");
out.println("<head><title>ConnectionRegistryMmitor</title></head>");
out.println("<body>");
out.println("<p>ldle Connections have been expired. </ p>");
out.println("</body></htm >");
out.close();

Related Patterns

Value List Handler [CJP]

The Vaue List Handler pattern described in Core J2EE Patterns also provides an architecture for insulating the
presentation layer from the details of the search and data access implementation. However, it does not address the
problem of efficiency because it materiaizes the entire search results as a physical collection.

Iterator [DP]

Likethe Value List Handler pattern, the Data List Handler pattern is based on the Iterator pattern of [DF].

Business Delegate [CJP]

In the distributed Servlet tier/EJB tier strategy, a business delegate object mediates the communication between a non-
ResultSetDatal_ist implementation of Datal ist in the Servlet tier and a ResultSetDatal_ist implementation of Datalist in
the EJB tier.

Conclusion

The DatalistHandler design pattern addresses the problem of processing Internet search queries that return large result
sets in an efficient manner. It provides a set of interfaces, DatalistHandler, Datalist, and Datal istlterator, that insulate
the client from the underlying details of the search and retrieval implementation. The DatalistIterator and Datal ist
interfaces address the efficiency problem by being well suited to implementations that do not incur the overhead of
instantiating the search resultsin aphysical collection object.

A strategy for implementing the DatalistHandler pattern for efficiently accessing data from arelationa database that
makes use of the lower level interfaces, ResultSetDatal ist and ResultSetDatal istlterator, was described. The strategy
keeps the IDBC Connection and ResultSet objects open across client requests and utilizes JDBC 2.0 Scrollable ResultSets
to avoid having to fetch rows from the database until they are requested by the client. This represents a significant
improvement over aternative approaches that either pre-fetch al matching rows or re-execute the search query every time
the client requests a new subset of hits.

The ResultSetDatal ist strategy preserves the JIDBC Connection across client requests. In a multi-tiered Internet
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environment the JDBC Connection may remain open and idle for extended periods of time. The Connection Expiration
drategy prevents the accumulation of large numbers of open connections by closing idle connections, while at the same
time logically preserving the context of the overlying ResultSetDatal istimpl object. The Connection Expiration strategy
is aso useful in aclustered application server environment where it can be used to transparently failover an active search
session to another VM in the cluster.

It must be emphasized that this pattern is most applicable when the number of search hitsislarge. In cases where the
number of possible search hitsis small or the overhead of re-executing the search is low, the inherent complexity of the
Datal istHandler pattern and the relational database access strategy may not justify its use. In such cases, it might be
sufficient to simply store all the search resultsin a physical collection object prior to presenting them to the user. If al the
search hits are ingtantiated in a physica collection, the DataListHandler pattern actually adds performance overhead
because the Datal istlterator.next() method copies the requested object into an empty object provided by the client.
Because the item aready exists as an instantiated object in the collection the copy operation is unnecessary. Y ou can
directly return the item in the collection to the client.
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