Manfred Lange: “A Collection of Patterns for Object-Oriented Databases’
Submission for preliminary conference proceedings of EuroPLoP 2000.
June 6, 2000.

A Collection of Patterns for Object-Oriented Databases

Author: Manfred Lange
IT Consultant
Hewlett-Packard
NSL (Network Support Lab)
Herrenberger Strasse 130
71034 Boeblingen
Germany
Manfred_Lange@hp.com
Revision: 212
Last saved: 6/6/00 1.14 AM

Abstract

Object-oriented database systems (ODBMS) have been around for awhile. Still, it does not appear that
they have found widespread use. Many applications are still devel oped base on relational database systems.
For these, pattern languages have been devel oped over a couple of years'.

For object-oriented database systems however dedicated papers describing related patterns arerare. This
paper triesto fill the gap. At least to some extend, asit does not provide a complete set of patterns, but only
acollection.

All patterns presented here have been successfully applied to different projects, having built asolid
backbone for high availability solutions.

Introduction

In this paper, | use the following categories for the patterns for object-oriented database applications:
- Transaction Management

- Cluster Management

- Session Management

- Query Management

- Miscelaneous

The following picture gives an overview of the patterns described in this paper:

L [Keller 1995] and [Keller 1998]
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The patterns described in this paper are derived from our work in the area of database access layers. We
typically do not allow any client, who typically is another software component, to directly accessthe
database system. There are two reasons for this: first, we do not want to distribute database system or
product related code throughout the complete system. Second, we want to be able to arbitrarily change the
database schema without being forced to also change all clients. Although | do not want to discuss
advantages or disadvantages of one programming language versus others, we have decided that for a back
end database access layer, e.g. a component running on a (web-)server, C++ isthe best choice regarding
resource consumption during runtime. Thisis the reason why some of the patterns presented here will not
necessarily work with other programming languages.

Thispaper assumes that you have decided to use an object-oriented database system (see appendix for a
lightweight introduction to object-oriented databases). However, you can find material for making this
decision in [Coldewey].

In closing thisintroduction, | would like to issue one warning: If you implement an application using an
object-oriented database system, do not smply apply all of the patterns described in this paper. The better
approach isto use aways the database features first. Only if they do no fit your requirements, you should
select a pattern from this paper.

Scoped Transaction

Motivation

Providing a consigent view to the objects in the database is the main reason for transactions. However, in
conjunction with clustering? a transaction can also help to implement efficient caching strategies.
Transactions should be kept as short as possible as they determine the lifetime of locks. In order to keep the
throughput high, locks should be released as soon as possible.

In addition, once atransaction has begun, it should not be left uncommitted or aborted for alonger period
of time.

Furthermore, for afailsafe operation every call for starting a transaction should be paired with a commit or
an abort (rollback) of the very transaction.

In short: How do you guarantee that you close an opened transaction againin all circumstances?

Forces

- All garted transactions must be either committed or aborted (rolled back).
- Noclient must hold locks longer than necessary, because

2 Clustering is a technique of physically locating related objects together, so that they can be efficiently
retrieved from the database especially when they are located on the same page on the disk.
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- Throughput of the database must be maximized. (humber of transactions per second)

- Thenumber of concurrent users must be maximized.
- Transactions should be easy to handle, e.g. automatically commit, or roll back atransaction.
- Transactions must be finished within a predefined timeframe, e.g. within 30 seconds.

Solution

Use a construct of your programming language that allows you to tie the lifetime of the transaction to the
lifetime of a scope or a code bl ock.

If aclassisthe construct you have chosen, then you would create anew instance at the beginning of the
block. When the block isleft, theinstance is destroyed. The destructor of the class tries to commit the
transaction, and if thisdid not work, the destructor would abort the transaction.

Consequences

1. All transactions are handled with pairs of either Start()-Commit() or Start()-Abort(). This ensures that
no transaction isleft open.

2. Asnotransaction isleft open, nolock isleft on any object in the database.

3. Transactionsare easy to handle, as you only define alocal variable. When it goes out of scope it
automatically either commits or aborts the transaction.

4. Given 1 and 2, Scoped Locking contributes to ahigher throughput and availability of the database
system

Implementation Issues

For C++ this means introducing a class for handling transactions. The class should have at least the
following interface.

cl ass Transaction {
public:
int Start();
int Comit();
int Abort(); // sane as rollback
bool IsActive(); // returns true when started, but not commtted
/'l or aborted.
private:
bool m bl sActi ve;
00Trans® m obj yTr ans;

h

When a client wantsto start atransaction, it creates an ingtance of class Transaction on the stack. Then the
client hasto call Start() on the object. Finally, after all database calls have been done, Commit() hasto be
called. Thisisnot thetricky part.

Theinteresting part garts, when an error occurs, e.g. signaled by throwing an exception, the scopeis
somehow |eft, but not the normal way. However, the language guarantees that the destructor of local
objects will be called. The destructor can therefore check, whether the transaction has been properly
committed, and if not, the transaction can be aborted.

The technique with a scoped object is described for C++ in [Stroustrup].

Known Uses

Multiple Hewl ett-Packard network support applications use this pattern, e.g. AutoCollect, Network
Documentation Tool (NDT).*

® Thisis the class of the ODBMS. However, thereis no support for automatically committing or aborting
transactions.

* At present, all these applications are not available standaone. All of them are part of service or support
offerings.
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Related Patterns
Scoped Locking: This pattern uses the same technique for automatically releasing lock on shared resources.

Object Lookup Map

Motivation

Objects have an identity. Among other things, the identity is used to refer to an object.

However, objects are frequently identified by their location, e.g. in C++ the memory location, the address
of an object is used for identifying the object. Many object databases such as Objectivity/DB and
ObjectStore use their object identifier to determine the physical |ocation of an object.

This alone does not do any harm. However, ODBMS' s may support clustering. In this case, it is possible
that an object might be moved from one storage place in the database to a different storage place. In
consequence, this meansthat the object identifier changes its value, asit now refersto a different storage
placein the database.

In this situation it becomes necessary to be able to look up an object not only by the object identifier of the
database, but to have a constant identifier that does not change, even when the object changes its | ocation.
One might think, that the database system supplied haming service might be sufficient for solving this
problem. Each object would be stored with an additional name. This feature ismeant for attributing a
relatively small subset of al objects with aname. Thiskind of object istypically called aroot object. They
arenormally used to start the navigational access to the database. However, the naming feature does not
scale well, if you want to access ALL objectsin thisway.

In short: How do you locate objectswith a unique identifier, if the database systems naming feature is not
fast enough for accessing ALL object in this way?

Forces

- You need to identify objects independent their location.

- You need afast way to locate an object

- Given acomplex object network, navigationa accessistoo slow.

- Using navigational access, objects might be moved because of clustering, before the actual access can
be done.

- You need to name ALL objectsin the database.

- You need a consistent view of the database.

Solution
Implement a scalable map for mapping unique identifiersto database locations.

Consequences

1. Using the map, the uniqueidentifier is sufficient to find an object in the database, even if the database
specific object identifier has changed.

2. Locating object using the unique identifier is easy and fast. It is dower than using the database specific
object identifier, asthe map must be read. However, once the map has been cached, the overhead is
very limited, and might be acceptable for your application.

3. Itisnot necessary to use navigational access to locate an object. For complex object networks, the use
of the object map is much faster.

4. Concurrency issues because of moved objects are reduced (but not eliminated), if the object map is
used instead of complex navigational access.

5. ALL objects are uniquely identifiable.

Implementation Issues

Y ou must keep the map consistent. This meansthat under all circumstances, the entriesin the map must
reflect the actual location of the objects.
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Y ou must update the map, when an object is created, when an object is moved to a different location in the
database and when an object is del eted.

In addition, the client must make provisions for ensuring a consistent view on that map. It might be OK for
oneclient to “seg”’ the object at location y. This might be completely wrong for a second client requiring
the object to be at location z.

Thereason isthat starting atransaction determines the view of a client on the database contents. This view
must be consistent®. A different client may update the database contents thus potentially also moving or
deleting objects, which the first client has already accessed®. In this scenario, the two clients may “see” the
very same object at two different locationsin the database’.

The implementation must have a very thorough look at all the places that deal with locking and updating
the map. In particular, in atransactional system many race conditions can render the system unusable or
ungtable. Using synchronization objects such as critical sections or mutexes or database locks isrequired,
but must be reviewed.

The best thing to do isto implement such alookup map in aclass of its own. Thishelpsisolating and
testing the race conditions.

Depending on the database product, you may achieve consistency of the map with provisions on the client
side or the server side. If the product supportstriggers on the server side you may want to considers this the
best solution.

Known Uses

Multiple Hewl ett-Packard network support applications use this pattern, e.g. AutoCollect, Network
Documentation Tool (NDT).

Related Patterns

Smart pointers: A smart pointer can be used a reference to an object, without requiring the object to stay at
the same location. So a smart pointer has from this perspectives the same benefits as the Object Lookup
Map. The differenceisthat smart pointerstypically are not automatically updated when a different process
changes the location of an object.

Smart pointer could be automatically be updated by database triggers. However, the addition of smart
pointers would mean, that you could not use database features, that require to pass references to their calls.
Smart pointersare not real pointers. They ssimulaterea pointers. For amore detailed discussion on smart
pointersin C++ see [Meyers).

Clustering Table

Motivation

As opposed to relational database systems, a client application can explicitly tell the ODBMS where it
should physically locate a particular object. Thisistrueto amore or less extent depending on the particular
database product. The set of rulesthat determines which objects are located together is called clustering.
Why would you want to do that? There are at two major reasons for this: performance and lock granularity.
I will now look alittle moreinto the details for each of them.

Typically, you do not access single objects in the database. Normally you access sets of objects of different
classes, which are associated with each other thus building a net of associated objects. If a client accesses
any single one of these ohjects, thereisahigh probability that the same client will access some of the other
objects aswell. Therefore, it makes sense to locate these objects closely together, e.g. on one page of the

® Consistency is not required for all application. However, the programmer’slife will not become easier
with inconsistent views, asit requires additional effort, if you want to make updatesto the database
contents.

® |f adifferent client inserts new objects, thisis not an issue. The first client does not care for these objects,
asthey will never be part of the view of the current transaction.

" If your database system does not support read locks for objects with an update lock for a different client,
then thisis not an issue, either.
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storage subsystem. If the client accesses one of the objects, the page isloaded with it al the other objects
stored on that page.

The other reason for clustering islock granularity. ODBMS's can be distinguished in two major groups
depending on the server component type they have: products using an object server, and products
employing an page server. In the former case, the server transmits only one object at atime, whereas a page
server always transmits a storage page, potentially containing more than one object. 8

Accessing an object means, that the client has to acquire alock. Thelock is managed by a server
component called the lock server®. If the client accesses many objects, then for the object server type of
ODBMS, this would mean many callsto thelock server in order to acquire alock for each of the objects
being accessed. For page servers, the system provides one lock per page™. Locking one object means, not
only will the object be locked, but the page will be locked and therefore all other objects on the same page.
Both techniques result in a performance increase, if you do clustering properly. Y ou will encounter
performance problems, if you do not take care of the clustering.

In short: How do you cluster your objectsin the database?

Forces

- Youwant to have asingle place in the code with all information about how objects are being clustered.

- You want to be able to experiment with different cluster strategies, e.g. when you do not know yet the
access patterns of the clients.

- You want the clients to be unaware of the actual clustering strategy.

- You want to optimize performance by locating related objects close together.

- You want to optimize concurrency by NOT locating objects close together. If objects are located close
together, they might be protected by just one lock instead of several.

Solution

Implement a Clustering Table.

Using the Clustering Table, you do not have to write code at al places where you instantiate new objectsin
order to provide a clugtering hint. Instead, you ask the Clugtering Table and he will be responsible for
determining the correct location.

Y ou can have many different implementations for your Clustering Table.

The Clustering Table can be table driven. In this case, you haveto set up atable, beit hard coded or
external. The table contains entries, which in turn maps from some information to a clustering hint. This
tableistypically very short, approximately between 10 and 20 entries, depending on the solution a hand.
Thefollowing isan extract of such atable:

Object Type 1 Object Type 2 Move Type Move Target
Device Interface DEEP Device
Interface Device DEEP Device
Network Device DEEP Network
IPAddress Device SHALLOW Device

Some explanations for this sample: “Object Type 1" is on the from-side of the association, “Object Type 2”
ison the to-side of the association. The “Move Type® indicates, whether an object should propagate moves
to other associated objects (DEEP), or of not (SHALLOW). Finally the column “Move Target” indicates
which object will stay at its current location and hence the other object is being moved.

8 Database system theory also describes servers that can adapt and automatically switch between serving
single objects and serving pages. Performance wise the page servers do have ahigher performance.
However, if you have ahigh concurrency requirement, you are till free to cluster only one object per page.
Theresult isabehavior that is (amost) identical to an object server.

® Depending on the database product, this may be part of the server component, the client runtime
environment, or it could aso be a separate process. Objectivity has a separate process that runs on the
server.

19 Objectivity uses the aggregate “container”. A lock isacquired on a per-container basis. However, | left
out this product detail for smplicity reasons.
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A second approach would be that you use the Strategy Pattern for implementing the clustering strategy.

Clustering Strategy

Saying, you can use atable or the strategy pattern for implementing a clustering strategy, is not sufficient.
The interesting part liesin what information do you use for determining the clustering strategy.

In afirst best guess, you should look at your problem domain. Determine that most important abstraction
(class) in your problem domain. Y ou can have more than one class that fitsthisrule. Put the objects of
these classes in the middle. Arrange (locate, cluster) al the remaining objects around them.

Next, you run your application. Profile your application and find out how many lock conflicts occur and
how much disk-1/O your system needs. See al so the consequences section about thisitem.

Y ou can select the objects, the associations, or acombination of both for your clustering strategy.

For instance, you may give each association in your database schema a weight. Starting with some primary
objects (or root objects), you can traverse the associations, and then using the weight of the association to
determine, where anewly created object is stored. In this case, your table would contain entries with the
class, the association weight, and the clugtering hint, e.g. information about whether the newly created
object should be clustered close to the object at the other end of the association.

Performance versus Concurrency

Looking at clustering you have to find a compromise between performance and concurrency. If you put
objects too close together they might get locked all at the sametime. Thisresultsin agood performance,
but in apoor concurrency behavior, because clients access will be serialized.

On the other hand you can cluster your objects, so that each object hasits dedicated lock. In this casethe
performance will be not that good. However, concurrency will be much higher, as more clients can work in
paralle on the objects.

It isyour task during the design or implementation phase to discover objects that represent a potential
bottleneck.

The best result will usually be a compromise between performance and concurrency. A good mean to find
the best compromiseisto use the Clustering Table in order to experiment with different clustering
Strategies.

Consequences

1. All clugtering related code islocated at one place. Y ou are not required to write clustering code at al
places where a clustering hint is required.

2. Asall clugering codeislocated at onesingle placeit is easy to change the clustering strategy.

Y ou have to change the implementation of only one class in order to use adifferent clustering strategy.
In the case of using the grategy pattern for implementing the Clustering Table, the following
consequence applies: Theimplementation of only a distinct subset of classes hasto be changed in
order to use adifferent clustering strategy.

3. Play around with different clustering strategies. Employ performance testsin order to find out, whether
you increased the number of lock conflicts or disk I/O. Theformer isan indicator for putting too many
objects into one lock aggregate. In other words, the object density istoo high. The latter indicates, that
you should use fewer lock aggregates. Y ou have to find the right balance between lock conflicts and
disk 1/0.

4. You canimplement al clients without them even knowing what a Clustering Table is.

5. During development of your system, you should have different clustering strategies at hand. Oncein a
while, smply switch from one clustering strategy to a different one. Thiswill result in a different
runtime behavior, caused by different race conditions and lock conflicts. The benefit is, that thishelps
you to find bugs in the client implementation during devel opment of your system.

6. If objects are clustered close together, e.g. in same container or on the same page, performance will be
better, asless I/O operations are required.

7. |If objects have each their own dedicated lock, concurrency will be optimized, as more database clients
will be able to access the objectsin paraldl.
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Implementation Issues

The most difficult part isto determine the set of information, which the clustering manager takes asan
input for determining the clustering hint. However, thereisno golden rulefor this. It heavily depends on
theindividua problem domain and the application at hand.

Generally, you can aways start with atable driven implementation. Thisis avery simple approach. The
table typically takes between 10 and 20 entries with maybe half a dozen columns. Once the table gets larger
than that, or if you want to use complex agorithms, e.g. examining and traversing a couple of existing
persistent objects, to determine the clustering hint, you should consider using the strategy pattern for your
impl ementation.

However, | do not have any experience with the latter, as up until now, the tables have always been very
short.

Known Uses

Multiple Hewl ett-Packard network support applications use this pattern, e.g. AutoCollect, Network
Documentation Tool (NDT).

Related Patterns

Strategy Pattern, GOF. The strategy pattern can be used to implement the clustering strategy. In that
respect, the strategy pattern is a complementary pattern.

Session Cache

Motivation

In order to access the database, each client hasto set up a connection. A client in this context is every
thread that needs access to the database. In this paper, | call the database connection a session. Cregating a
session and destroying a session is an expensive operation. The client Sde runtime has to allocate and
initialize caches. Furthermore, it hasto set up connectionsto the object server or the page server aswell as
tothelock server.

In short: How do you reduce the overhead for establishing and ending database connections (sessions)?

Forces

- Establishing database connectionsis expensive
- Ending database connectionsis expensve
- Clientsfrequently request and abandon database connections

Solution

Introduce a Session Cache. The Session Cache isresponsible for maintaining a pool of sessions.

If aclient triesto connect to the database, the Session Cache looks in the pool of available sessionsfirst. If
asession isavailable, the Session Cache takes the session from the pool and returnsit to the client.

If no such session isavailable, the Session Cache creates a new session and returns the newly created
session.

Once the client is done with using asession, it can return the session to the Session Cache, who in turn puts
it back into the pool of available sessions.

An important issueis, how the session will be deleted. Under normal circumstancesit is sufficient to define
an upper limit of sessions, e.g. 10 sessions. Once the limit has been reached and another session has been
added to the pool, the number of sessions that exceeds the limit will be deleted.

If resource consumption should be even lower, then the following strategy might be better. For each session
in the pool, atimestamp of itslast use is stored. Then, when a predefined timelimit has been reached,
without the session being reused, the session will get deleted. The advantage isthat after the timeout

period, the pool might be empty and therefore unused session do not exists. Consequently they don’t
consume any resources at all.
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During shutdown, the session cacheis also responsible for closing any open session and also deleting all
sessionsin the pool. The session cache itself istypically a static variable, or a variable global to the
module, if you like.

Consequences

1. If aclient request can be satisfied from the session pool, the overhead of establishing the database
connection and ending the database connection is significantly reduced. Thetime for locating a
suitable session is neglectible compared to the time required to establish a new database connection.

2. If theclient abandons a database connection, it is ssmply added to the pool of database connections. As
it isnot actually destroyed the client does not encounter a performance hit.

3. Onlyif the pool is exhausted, creating a new session induces overhead on the client request.

4. Maintaining a session pool may lead to significantly higher resource consumption, e.g. memory, asal
the caches and connections are kept, even if no client is connected to the database. This however can
be eliminated, if the Session Cache uses atime-out period for detecting inactivity. If thishappens, the
Session Cache can then destroy some or al unused sessions. However, this again increases the latency
for establishing data connections and the compl exity of the Session Cache.

Implementation Issues

When you implement the Session Cache, you must make sure that the current state of the sessionsis
properly maintained. It is mandatory, that you never assign a session, which iscurrently in use, to aclient.
If you do so, it may work quite good for some time (even days), but eventually, the race conditions will
lead to unexpected results.

Known Uses

Multiple Hewl ett-Packard network support applications use this pattern, e.g. AutoCollect, Network
Documentation Tool (NDT).

Related Patterns

Prototype. Exemplar. In both cases, a singleinstance of a classis created. Then, whenever another instance
isrequired, it is Smply a copy of the already existing instance. Session cachetakesthisalittle further by
having a predefined number of prototypes or exemplars, namely the sessions.

Session

Motivation

When a client opens a database connection, the client has to specify a number of attributes for the database
connection™!. Among them the client indicates the timeout, the kind of concurrency, the size of the client
side cache, and so on. Further more, all these settings are aso bound to an actua database connection,
represented typically by a class, which the ODBMS's manufacturer provides™.

Looking at the potentially big number of attributes required, it becomes obvious that it is easy to choose
wrong settings.

Additionaly, you will not need al the attributes for all database application you devel op. For instance,
some database systems allow for different kind of concurrency, e.g. dirty reads. Depending on your
application, this might be an option or not. In order to simplify the interface presented to the client, you
may want to encapsulate it in a separate class.

1 Usually the database system provides default values in case a dient does not want to explicitly specify
the values.
12 Objectivity’'s name for that class is ooContext.

Copyright 2000 by Manfred Lange, all rightsreserved.
Permission is granted to make copies for the purpose of EuroPL oP 2000.



Manfred Lange: “A Collection of Patterns for Object-Oriented Databases’
Submission for preliminary conference proceedings of EuroPLoP 2000.
June 6, 2000.

In short: How do you simplify using a database connection while at the same time providing support for
exactly the required connection attributes?

Forces

- You want to simplify the interface to the database.

- You want to choose a subset of attributes describing a database connection. The client must only able
to modify this subset.

- Youwant to use adifferent set of default values for the database connections.

- Youwant to explicitly associate states to the database connection in order to use strict Sate transitions.

Solution

Encapsulate the database connection in a class Session.
Session also has an embedded member of the manufacturer provided class representing the database
connection. Hereis an example for Objectivity (ooContext isthe manufacturer provided class):

Session ooContext

-m_pObjyContext : ooContext*

Consequences

1. Theclients“seg’ only theinterface you want them to see.
2. The Session class can override the complete set of default values.
3. The Session class can use arbitrary states and state trangtions.

Implementation Issues

Y ou have to notice the general implementation issues, as described in “Encapsulate Manufacturer Supplied
Class'.
Additionaly, you have to ensure the proper implementation of the state transitions.

Known Uses

Multiple Hewl ett-Packard network support applications use this pattern, e.g. AutoCollect, Network
Documentation Tool (NDT).

Related Patterns
Encapsulate Manufacturer Provided Class, Session Cache, Decorator, Adaptor.

Query Session

Motivation

Up to here, | have described scenarios, in which the clients use explicit transactions. The code for accessing
the database |ooks typically like this:

| Dat abase pt r Dat abase;

Pt r Dat abase- >Begi nTr ansacti on();

/'l some calls for reading and updati ng object go here
Pt r Dat abase- >Conmi t Transacti on() ;

| call this“explicit transactions’, asthe code contains explicit satements for marking the transaction
boundaries. Opposed to this, implementing clients can become very easy, if you can avoid use of explicit
transactions.
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Working with databases, you often make queries. A set of objectsistheresult of such aquery. Typicaly,
you do not want to change the result set to change while you are working with it. The database system
guarantees thiswithin transaction boundaries.

In short: How do you provide non-mutable result sets, if your client does not use explicit transactions?

Forces

- Theclient does not use explicit transactions.

- Theresult set must not change while the client usesit (no additions, no removals).

- Result sets of queries are valid only within transaction boundaries.

- Theclient mixes query/result set related database callswith other (normal) database calls.

Solution

Associate a query session with each result set.

For clientsnot using explicit transactions, each database call will implicitly cause the database access layer
to supply the call with avalid transaction. This does not work for query related calls.

Thetransaction for a query is started, when the database access |ayer detects that the client wants to execute
aquery. A new session, the query session, is then assigned to aresult set object. Once the result set object
goes out of scope, the transaction is committed (should always work, asthisis always a read-only
transaction). In addition the query session is abandoned, or given back to the Session Cache, who in turn
addsit to the pool of available query sessions.

When a client mixes normal callsto the database (causing implicit transactions) with callsrelated to the
query or theresult set, the database access layer automatically switches between the normal session and the
query session.

A small sidenote: The solution is similar to the scoped transaction in the following respect: in both cases
one object is bound to the lifetime of another object. The same way the scoped transaction is bound to a
block or scope, the Query Session is bound to the lifetime of the result set.

Consequences

1. The Query Session uses dedicated transaction object. Thisis diginct from the transaction object, that is
implicitly used for clients, which do not indicate ther transaction boundaries.

2. The Query Session provides the context in which aresult setisvalid. The view to the databaseis
consistent. The Query Session is used as long asthe client holds at least one reference to the result set.
As the transaction isnot committed unless the result set goes out of scope the result set does not
change until then.

3. The Query Session can survive implicit transactions, asit is completely transparent to the client.

4. Theimplementation of the database access layer becomes more complex, as you have to add the code
for detecting queries and switching between normal sessions and query sessions.

5. You can apply filters and sort criteriato the result set without modifying the raw result set. By
removing thefilters and the sort criteria, you will revert theresult set toitsinitial contents.

Implementation Issues

| have aready discussed the problems associated with the Session and the Session Cache. Introducing the
Query Session, the Session Cache may potentially become more complicated, asthe Session Cache has
now to adminigter two different types of sessions. Thelogic for determining which type of session is
needed, has to be implemented somewhere, e.g. in the Session Cache

Y ou can reduce this additional complexity by employing two different pools for sessions. One pool
contains only “normal” sessions and the other pool containsthe Query Sessions.

One aspect simplifies the implementation of Query Session: All Query Sessions are typically read-only
transactions.
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Known Uses

Multiple Hewl ett-Packard network support applications use this pattern, e.g. AutoCollect, Network
Documentation Tool (NDT).

Related Patterns
Encapsulate Manufacturer Supplied Class, Session Cache.

Association Traversal with Path Specification

Motivation

An object usudly fulfillsitsresponsgbility in collaboration with other objects and hardly stands on its own.
A device management application may use the following problem domain classes for representing a 19”
racks, interconnect devices and power supplies'.

Rack InterconnectDevice|

PowerSupply

We now want to retrieve all power supplies, beit for arack or for an interconnect device.

Thefirgt approach would beto use atyped iterator on the compl ete database. Thiswill work in all cases.
However, in most cases thiswill be too slow, as the database system would check every object in the
database. The database system has to determine whether each object is an instance of class PowerSupply or
of a class derived from PowerSupply.

A better approach would be to use a havigational access to determine all Rack objects. Then you could
traverse the association from the Rack objects to the associated Power Supply objects. The result would be
all PowerSupply objects that provide power to a Rack. The next step would be to traverse the association
from each Rack object to the associated Power Supply objects. The latter would be added to the
intermediate result set, leading to the requested result set.

| call atraversal from one class to another class apath. In the given example, | used two different paths:
Rack — Power Supply and Rack — InterconnectDevice — Power Supply. Both paths describe how to collect
the Power Supply objects.

In short: How do you effectively collect objects for a result set, if multiple association traversals are
possible?

Forces

- Not all of the object-oriented database systems provide a query language as powerful as SQL™.
- Depending on the query, the path for traversing is different. So the solution must provide for a
parameter on how to specify the path.

3 Note: | use these classes for illustration purposes only. To the best of my knowledge, they are not used in
any of Hewlett-Packards.

4 OQL (Object Query Language) is the equivalent to SQL in the object-oriented database world.
Unfortunately, the OQL implementations differ from one vendor to the next, and they do not provide
constructs for traversal in all cases.
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Solution

The solution depends on how persistence is achieved in the database system. The solution presented here
assumes that persistence isimplemented through inheritance, that means: all persistence-capable classes are
derived directly or indirectly from a common base class.

A new class PersistentObject is introduced and derived from the common base class, e.g. 000bj™, for
persistence capable classes. All other classes to be persistence capable are derived from the class
PersisentObject.

The class PersistentObject carries amember function called TraverseAssoc(). This function has two
parameters, one for the path specifications, and one parameter is passed by ref and is a container that takes
all objects that are found during the traversal. The path specification can be a simpletable such asthe
following one:

ClassiD RolelD BCaollectObjects
ManagementAgent | Manages | False
Device N/a True

Consequences

Again, asfor all database related stuff, the most important thing is to take all possible race conditionsinto
account. For instance, what happens when starting traversing, the start object is moved to a different
location? Should the traversal restart? Or isit possible to continue?

Thereisno genera answer to thisissue. It —again — depends on the used database product. The solution |
amusing simply restarts the traversal. At present we do not have a performance issue here.

When traversing from one object to ancther, it is possible to detect, whether the start object or any of the
other object has been moved or updated. If this happens, the code bails out and restarts the traversal.

Implementation Issues

Traversing associations can potentially affect many objects, hundreds, thousands or even more. When
accessing one of the objects for thefirst time, it could well be that several versions of that object are
available. Several versons can exist, when multiple clients access the database. In this case, each client
might have different, yet still consistent view of the database. In this situation the software devel oper must
determine whether to use the version as at the time when the traversal started of the version of as when the
object is accessed for the first time.

Known Uses

Multiple Hewl ett-Packard network support applications use this pattern, e.g. AutoCollect, Network
Documentation Tool (NDT).

Related Patterns
Strategy [GOF], Association Traversal with Roles, Association Traversal with Predicates.

Association Traversal with Roles

Motivation

In this pattern | discuss a different scenario you may encounter, if more than one association exists between
two classes.

E.g. a19” rack may provide power to a set of interconnect devices, such asarouter, which isinstalled in
that rack. In addition, the same rack provides cooling to the same or a different set of interconnect-devices.

1> Opjectivity uses 000bj as the common base class for all persistence capable classes.
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ProvidesPower
Rack [————————InterconnectDevice|

ProvidesCooling

If you want to retrieve all interconnect devices, the result set depends on the association you traverse. In
order to retrieve only interconnect devices for which therack provides power, you only want to traverse the
association named ProvidesPower.

Inthis caseit is obvioudy not sufficient to just specify the path Rack — InterconnectDevice.

In short: How do you specify roles when traversing associations?

Forces

- Two classes arerelated to each other with more than one association.
- You want to be able to retrieve both sets on only one association or the join of more than one
association.

Solution

Specify roles when traversing associations.

Y ou traverse associations using iterators. Compared to Association Traversal with Path Specification you
also supply theiterator with information about the roles for each association.

Given the above sample, theiterator needs information about whether to follow the association
“ProvidesPower” or the assocation “ProvidesCooling”. The Rack has both roles, but one may only be
regquested.

The following source code shows how an iterator is set up depending on therole:

<source code to be added>

Consequences

1. Two classes may be related to each other with more than association.

2. Iteration and association traversal requires you to also specify roles, if morethan one association exists
between two classes.

3. Theimplementation of theiterator becomes more complex, asit hasto consider roles in addition to the
path specifications.

Implementation Issues
Y ou should use an enumeration for specifying roles. | recommend to use one enumeration per class.

Known Uses

Multiple Hewl ett-Packard network support applications use this pattern, e.g. AutoCollect, Network
Documentation Tool (NDT).

Related Patterns
Association Traversal with Path Specification, Association Traversal with Predicates.

Association Traversal with Predicates

Motivation

In addition to Association Traversal with Path Specification or Association Traversal with Roles you may
want to restrict the result set to objects that aso pass afilter, e.g. you want to retrieve only interconnect
devices of a particular type.
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In short: How do you restrict a result set while traversing associations?

Forces

- You want not only to traverse associations but restrict the result set to objects that do suffice certain
criteria

Solution

Combine predicates with paths or roles.
Again you implement an iterator for traversing associations. In addition to a path specification, arole or
both, you provide theiterator with a set of predicates.

Consequences

1. Youcan redtrict theresult set with a set of predicates.
2. Theimplementation of iterators becomes more complex, as additiona information isrequired. This
issue can be minimized by using default values, in case you do not want to restrict the result set.

Implementation Issues

Y ou should avoid to passthe predicates as strings, e.g. “Manufacturer = Cisco AND 10SVersion >= 11.0".
Instead use an array such asthe following:

AND/OR Name Boolean Op Value
Manufacturer = Cisco
AND IOSVersion >= 11.0

Note, that the first row does not contain an entry in the first column.

Thistable can become aslong as required.

If the underlying database system provides a query language, | recommend to useit. However, you should
still avoid to pass strings from the client to the database access layer, as otherwise you will have to al'so
implement a parser for that sring (or rely on the database system).

Y ou definitely have to implement a parser, if the underlying database system does not support a query
language, or if the query language you expose at the interface is different to the one of the database.
ODMG-93 defines a query language named “Object Query Language’ (OQL). For moreinformation, see
[Cattell 1996].

Known Uses

Multiple Hewl ett-Packard network support applications use this pattern, e.g. AutoCollect, Network
Documentation Tool (NDT).

Related Patterns
Association Traversal with Path Specification, Association Traversal with Roles

Error Handling

Motivation

Some software components, including the database system | am using, use a UNIX-style signaling
mechanism for error handling.

Using C++ as programming language, the software devel oper may want to use C++ exception handling for
error handling. In this case the best solution would be, if the error handler could directly throw an
exception. Unfortunately, the software component may not be written with exceptionsin mind. Then
variables and objects created on the heap or on the stack may not get del eted properly. Or even worse:
database locks or synchronization objects may not get released, leading to a deadlock situation.
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A straight forward solution would be to check the return value of each call into the software component and
if the valueindicates an error the client code would throw the exception.
In short: How do you map UNIX-style signaling mechnismto C+ +-like exceptions?

Forces

- Theclient wantsto use C++ exceptions for error handling.
- The software component uses a UNIX-like signaling mechaniam for indicating errors.
- The software component does not work correctly, when an exception isthrown in the error handler.

Solution

In the error handler store all necessary error information at awell know place, that is accessibly to the
client of the software component.

Implement a class ErrorCheck that in its constructor cleansthe error information of the client.

In the destructor, the object checks whether an error has been signaled, and if so, it throws an exception.

Consequences

1. Thebenefit of the solution is, that if anew version of the software component becomes available, the
implementation of the error handler can then throw exceptions directly. The client code does not need
to be modified in any way.

2. Another not so obvious benefit isthat for debugging purposes, the destructor of the ErrorCheck class
can be modified in away, that errors are simulated. In this setup, the error handling code of the client
can be verified. Thisis avery powerful technique for testing and debugging multithreaded database
applications.

Implementation Issues

Some programming languages do not execute the destructor immediately, when the reference to an object
goes out of scope. Here you have to employ different language features.

Known Uses

Multiple Hewl ett-Packard network support applications use this pattern, e.g. AutoCollect, Network
Documentation Tool (NDT).

Related Patterns

Scoped locking,
Scoped transaction.

Encapsulate Manufacturer Supplied Class

Motivation

Astypical approach for speciaizing manufacturer supplied classes you would normally ssimply introduce a
new class derived from the existing class.

However, manufacturer supplied classes are typically implemented in runtime libraries. Normally you do
not get the source code for these classes. The runtime library might allocate a separate heap. Furthermore,
you have to note that the destructor is a class method whereas the destructor is an object method. This can
lead to the effect that for creating an object of a manufacturer supplied class memory is allocated from one
heap, whereas the destructor triesto free the memory on a different heap. This happensin particular, if the
destructor isvirtual.

Copyright 2000 by Manfred Lange, all rightsreserved.
Permission is granted to make copies for the purpose of EuroPL oP 2000.



Manfred Lange: “A Collection of Patterns for Object-Oriented Databases’
Submission for preliminary conference proceedings of EuroPLoP 2000.
June 6, 2000.

In short: How do you avoid side effects, if you want to specialize a manufacturer supplied class?

Forces

- You do not have the source code for the manufacturer supplied class.

- Both, creation and destruction of instances of the manufacturer supplied class must be done on the
same heap.

- The manufacturer supplied class may or may not have a v-table.

- Theinterface of the manufacturer supplied classistoo complex.

Solution

Ingtead of deriving from a manufacturer supplied, embed a member of that classin the encapsulating class.
E.g. assumethat the ODBMS you use has a classnamed d_transaction. If you want to specialize this class,
your encapsulating class should look likethis:

class Transaction {
public:
/1 public menbers
privat e:
/1 Attributes
d_transaction m_nati veTransacti on;

}s

Consequences

1. Encapsulating the classingtead of deriving a new class avoids possible side effects with regardsto
memory management.

2. You can have acomplete new set of public member functions.

3. If you want to replace your current ODBMS by a ODBMS of a different vendor, the change becomes
much easier, as only the encapsulating classes have to be changed™.

Implementation Issues

In most cases, only a subset of the original functionality will be required.
Many of the needed functionality can be achieved by ssmply forwarding acall to the implementation of the
manufacturer supplied class.

Known Uses

Multiple Hewl ett-Packard network support applications use this pattern, e.g. AutoCollect, Network
Documentation Tool (NDT).

Related Patterns
Adapter, Bridge.

Appendix

A Lightweight Introduction to Object-Oriented Database Systems

Although object-oriented database management systems (OODBMS) have been around for awhile, they
still lack widespread usage. Some industries, such asthe telecom industries, isusing OODBMS on a
regular basis also for mission critical systems. There ishowever, resistance in the more traditional branches

16 Thisis not necessarily true, if some of your code relies on a specific ODBMS specific feature, e.q.
MROW, which isa concurrency model available only with Objectivity.
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such as banking or insurance. The latter still have —in part caused by legal requirements— a preference for
relationa (or even hierarchical) databases.

In essence an OODBM S provides means for making objects persistent. Theideais that the software
developer does not need to learn an additional language (such as the DDL'’ part of SQL®) for defining the
schema of the database, but can use the programming language (e.g. C++ or Java) instead.

Apart from that OODBMS have alot in common with relational database management systems (RDBMS).
The things they have in common are transactions, queries, iterators, etc.

But be aware, although the differences seem to be small, their impact is tremendous. | found examples
there were almost impossible to implement with aRDBMS, as it used more than 16 tablesin ajoin and the
RDBMS at hand had alimit at 16 tables. Opposed to that it was pretty simple to implement the same design
with the OODBMS.

A Short Sample

Given an arbitrary problem domain, you might want to have the flexibility to add attributes, e.g. scalar
values, arrays or groups of attributes, to any object you like without changing the schema of the database.
Using UML the following picture shows one possible design:

Problem Domain Class Attribute

I

Scalar Value Array GroupOfAttributes

&

Using an ODBMS" with C++ binding the schemawould be defined as:

cl ass Probl enDomai nCl ass {

/1 other stuff left out for brevity
privat e:

ooRef (Attribute) mattributes[];

h

class Attribute {
/1 other stuff left out for brevity

h

class Scal arValue : public Attribute {
/1 other stuff left out for brevity

h

class Array : public Attribute {

/1 other stuff left out for brevity
private:

ooRef ( Scal ar Val ue) m nmenbers[];

}

" DDL = Data Definition Language

18 SQL = Structured Query Language

191n this paper, | am using the DDL of Objectivity. For moreinformation on objectivity, see
http://www.objectivity.com
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class GoupOFAttributes @ Attribute {
/1 other stuff left out for brevity

privat e:
ooRef (Attribute) mgroupedAttributes;

b
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