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ContributionContribution

nn Provides a systematic roadmap of existing Provides a systematic roadmap of existing 
O/R mapping patterns.O/R mapping patterns.

nn Provides some mapping patterns and Provides some mapping patterns and 
links.links.
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OutlineOutline

nn BackgroundBackground
nn roadmaproadmap..
nn patternspatterns
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Architecture of Business SystemArchitecture of Business System

Views

Controller

Models
Business Objects

Phoenix Persistence Service

User Interface

Application Kernel

Persistence Layer

pure
object-orinted

1. OODBMS
2. O/R Access Layer
3. DB Access Layer
4. ORDB + Access 

Layer
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Database Access LayerDatabase Access Layer

Object-oriented language (C++, Smalltalk, Java, …)

Relational Database or other DBMS

Object-oriented
Database System

(OODBMS)

Object
Access Layer

Object/Relational
Access Layer

Relational Database
Access Layer

View Interface
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Roadmap of the O/R Access Layer Roadmap of the O/R Access Layer 
PatternsPatterns

GG Building the Access LayerBuilding the Access Layer

FF Optimizing Optimizing 
PerformancePerformance

EE Accessing Accessing 
Relational Relational 
DatabasesDatabases

DD Moving Moving 
Attributes to and Attributes to and 
from the from the TupleTuple

LayerLayer

CC Mapping Objects to TablesMapping Objects to TablesBB Designing the Designing the 
Object LayerObject Layer

AA Architecting an O/R Access LayerArchitecting an O/R Access Layer
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pattern & pattern languagepattern & pattern language

nn A pattern is a recurring solution to a A pattern is a recurring solution to a 
standard problem.standard problem.

nn Related patterns are woven together to Related patterns are woven together to 
form a informal pattern language.form a informal pattern language.

ProblemProblem ForcesForces SolutionSolution
StructureStructure ExampleExample ConsequencesConsequences
ImplementationImplementation VariantsVariants
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Forces Driving the LanguageForces Driving the Language

nn Functionality versus costFunctionality versus cost
nn Separation of concerns versus costSeparation of concerns versus cost
nn PerformancePerformance
nn Flexibility versus complexityFlexibility versus complexity
nn Legacy systemsLegacy systems
nn Application style (CAD, CASE, others)Application style (CAD, CASE, others)
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Typical Functionalities for OODBTypical Functionalities for OODB

(8) Extensibility(8) Extensibility

(7) Computational (7) Computational 
CompletenessCompleteness

(6) Overriding, overloading and (6) Overriding, overloading and 
late bindinglate binding

(13) Ad Hoc Query Facility(13) Ad Hoc Query Facility(5) Class or Type Hierarchies(5) Class or Type Hierarchies
(12) Recovery(12) Recovery(4) Types and Classes(4) Types and Classes
(11) Concurrency(11) Concurrency(3) Encapsulation(3) Encapsulation

(10) Secondary storage (10) Secondary storage 
managementmanagement

(2) Object Identity(2) Object Identity
(9) Persistence(9) Persistence(1) Complex Objects(1) Complex Objects
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Architecting an O/R Access LayerArchitecting an O/R Access Layer

1.1. Layered Architecture for Business SystemLayered Architecture for Business System
2.2. Two Layer Persistence SubsystemTwo Layer Persistence Subsystem
3.3. Physical ViewsPhysical Views
4.4. Host AccessHost Access

--Pattern List A
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Pattern A1:Pattern A1: Layered Arch. for Business Sys.Layered Arch. for Business Sys.

ThreeThree--layered architecturelayered architecture
nn User interfaceUser interface
nn Domain object layerDomain object layer
nn Persistence layerPersistence layer

SolutionSolution

Which architecture is good for business system?Which architecture is good for business system?ProblemProblem

User 
Interface

Application Kernel

Persistence Layer
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Pattern A2: Pattern A2: Two Layer Persistency SubsystemTwo Layer Persistency Subsystem

Separation of concerns.Separation of concerns.SolutionSolution
Which structure is good for persistence subsystem?Which structure is good for persistence subsystem?ProblemProblem

Object Layer

Storage Manager (tuple layer)

Persistence Subsystem

Physical Storage System (RDBMS)

Object 
orientation

interface to 
database
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Pattern A3: Pattern A3: Physical Views.Physical Views.

nn Encapsulate every table/view with a Encapsulate every table/view with a wrapper wrapper 
classclass..
nn Use wrapper classes to encapsulate overflow Use wrapper classes to encapsulate overflow 
tables and other database optimization techniques.tables and other database optimization techniques.
nn Derive the wrapper classes from the protocol Derive the wrapper classes from the protocol 
class to provide uniform interface.class to provide uniform interface.

SolutionSolution

How to provide an easy to use interface to physical How to provide an easy to use interface to physical 
database tables?database tables?

ProblemProblem

13        

10/21/200310/21/2003 1414

Pattern A4: Pattern A4: Host AccessHost Access

Object Layer

Query Manager

Database

Tuple Layer

Host Communication Agent

Host Access Layer

Client Communication Agent

Using a proxyUsing a proxy--like agent.like agent.SolutionSolution

How to link O/R access layer to host DB server?How to link O/R access layer to host DB server?ProblemProblem
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Designing the Object LayerDesigning the Object Layer

1.1. Object Identifier Object Identifier 
2.2. ProxyProxy
3.3. Object ManagerObject Manager
4.4. Transaction ObjectTransaction Object

Pattern List B
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Pattern B1: Pattern B1: Object IdentifierObject Identifier

Assign each persistent object a key that will Assign each persistent object a key that will 
accompany the object from birth to death.accompany the object from birth to death.

SolutionSolution

How to represent an object’s individuality in a How to represent an object’s individuality in a 
relational database?relational database?

ProblemProblem

Note: Object ID is independent of its value.
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Pattern B2: Pattern B2: ProxyProxy

nn Using a Smart Pointer (or Proxy) containing Using a Smart Pointer (or Proxy) containing 
that object’s identifier and a memory pointer.that object’s identifier and a memory pointer.
nn In the initialization of a Proxy, the memory In the initialization of a Proxy, the memory 
pointer is NULL.pointer is NULL.

SolutionSolution

How to prevent all related objects being loaded How to prevent all related objects being loaded 
whenever you touch one object that has whenever you touch one object that has 
relations to many objects?relations to many objects?

ProblemProblem
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Pattern B3: Pattern B3: Object ManagerObject Manager

nn Create a Create a cachecache of objects per database client of objects per database client 
process.process.
nn Base the cache on a container that maps Base the cache on a container that maps 
Object Identity to Proxies.Object Identity to Proxies.

SolutionSolution

How to preserve object identity?How to preserve object identity?ProblemProblem
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Pattern B4: Pattern B4: Transaction ObjectTransaction Object

nn Let each transaction be an object.Let each transaction be an object.
nn The transaction object has methods such as The transaction object has methods such as 
begin(), commit() and rollback().begin(), commit() and rollback().

SolutionSolution

How to handle transactions at a user code level?How to handle transactions at a user code level?ProblemProblem

Note: exception handling is a must.
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Mapping Objects to TablesMapping Objects to Tables

1.1. Single Table AggregationSingle Table Aggregation and and Foreign Foreign 
Key AggregationKey Aggregation

2.2. Foreign Key Association, Association Foreign Key Association, Association 
TableTable

3.3. One Inheritance Tree One TableOne Inheritance Tree One Table, , One One 
Class One TableClass One Table, , One Inheritance Path One Inheritance Path 
One Table, Objects in BLOBOne Table, Objects in BLOB

Pattern List C
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Mapping Objects to TablesMapping Objects to Tables
A Pattern LanguageA Pattern Language

Author: Wolfgang KellerAuthor: Wolfgang Keller
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Pattern C1: Pattern C1: Single Table AggregationSingle Table Aggregation

Put to the same table.Put to the same table.SolutionSolution

How to map aggregation to tables?How to map aggregation to tables?ProblemProblem

Customer
-----------------
String              Name
AddressType InvAddress
AddressType DelAddress

Employee
-----------------
String              Name
AddressType Address

AddressType
-----------------
String              Name
String City
Char[20]    ZipCode

Customer
-----------------
Name              char(50)
…...
InvAdrStreet char(50)
InvAdrCity char(20)
InvAdrZipCode char(20)

DelAdrStreet char(50)
DelAdrCity char(20)
DelAdrZipCode char(20)
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Pattern C2: Pattern C2: Foreign Key AssociationForeign Key Association

Insert owner’s OID to dependent tableInsert owner’s OID to dependent table
Make a foreign keyMake a foreign key

SolutionSolution

How to map 1:n association to tables?How to map 1:n association to tables?ProblemProblem

Order_Table
-----------------
OrderOID char(50)
…...

Order_Item_Table
-----------------
ItemOID char(64)
OrderOID char(50)

Order
-----------------
OrderOID OID
Set<Ref<Item>>    ItemSet

Order_Item
-----------------
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Pattern C3: Pattern C3: Association TableAssociation Table

Use a separate table to contain the OID of the two Use a separate table to contain the OID of the two 
object types in the association.object types in the association.

SolutionSolution

How to map How to map n:mn:m association to tables?association to tables?ProblemProblem

Course_Table
-----------------
CourseOID char(50)

Student_Table
-----------------
StudentOID char(64)

Course
-----------------
CourseOID OID
Set<Ref<Student>>  StudentSet

Student
---------------
StudentOID OID
Set<Ref<Course>>  Course

Course_Student_Table
-----------------
CourseOID char(50)
StudentOID char(64)
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A B

A B

A B

A B

A B

A B

1 : 1

{0|1} : 1

{0|1} : {0|1}

1 : n

{0|1} : n

m : n

OID of A is required/optional in table B,
duplication is allowed/not allowed
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Pattern C4: Pattern C4: One Inheritance Tree One TableOne Inheritance Tree One Table

All in one table.  All in one table.  
(fast query with cost of overloading)(fast query with cost of overloading)
(ambiguity: if attributes can be null)(ambiguity: if attributes can be null)

SolutionSolution

How to map inheritance classes to tables?How to map inheritance classes to tables?ProblemProblem

Table_Of_All_Classes
-----------------
SyntheticOID
BaseAttribute
Attribute_A1
Attribute_B1

BaseClass
-----------------
SyntheticOID
BaseAttribute

ChildClassA
-----------------
Attribute_A1 

ChildClassB
-----------------
Attribute_B1 
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Pattern C5: Pattern C5: One Class One TableOne Class One Table

Map each class to a separate table.Map each class to a separate table.
(fast query for (fast query for basetypebasetype, slower for children), slower for children)
(less redundancy)(less redundancy)

SolutionSolution

Table_Of_BaseClass
-----------------
SyntheticOID
BaseAttribute

BaseClass
-----------------
SyntheticOID
BaseAttribute

ChildClassA
-----------------
Attribute_A1 

ChildClassB
-----------------
Attribute_B1 

Table_Of_ChildClassA
-----------------
SyntheticOID
Attribute_A1

Table_Of_ChildClassB
-----------------
SyntheticOID
Attribute_B1
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Pattern C6: Pattern C6: One Inheritance Path One TableOne Inheritance Path One Table

Map each class to a separate table, add attributes.Map each class to a separate table, add attributes.
(fast query for children, slower for (fast query for children, slower for basetypebasetype))
(no redundancy here)(no redundancy here)

SolutionSolution

Table_Of_BaseClass
-----------------
BaseAttributeBaseClass

-----------------
BaseAttribute

ChildClassA
-----------------
Attribute_A1 

ChildClassB
-----------------
Attribute_B1 

Table_Of_ChildClassA
-----------------
SyntheticOID
BaseAttribute
Attribute_A1

Table_Of_ChildClassB
-----------------
SyntheticOID
BaseAttribute
Attribute_B1
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Pattern C7: Pattern C7: Objects in Objects in BLOBsBLOBs

Use a table containing its Use a table containing its syntheticOIDsyntheticOID and a and a 
variable length BLOB field.variable length BLOB field.

SolutionSolution

Table_Of_All_Classes
-----------------
SyntheticOID
BLOB field

BaseClass
-----------------
SyntheticOID
BaseAttribute

ChildClassA
-----------------
Attribute_A1 

ChildClassB
-----------------
Attribute_B1 
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Moving Attributes to/from the Moving Attributes to/from the 
TupleTuple LayerLayer

1.1. Multilayer ClassMultilayer Class
upper layer and lower layer objects coupled

2.2. Class BrokerClass Broker
one separate object for one upper layer objects.

3.3. Central BrokerCentral Broker
an object for all the upper layer objects.

Pattern List D
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Accessing Relational DatabaseAccessing Relational Database
Relational Database Access Layer

View Cache

Query Broker

Physical View

Denormalization

Overflow Table

Hierarchical Views View Factory Transaction Object

Controlled
Redundancy

Narrow Views Short Views

(Object Manager) (Persistent Objects) (Persistent Objects
Factory)

(Transaction Object)

(Attributes to/from the Tuple Layer)
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Optimizing PerformanceOptimizing Performance

nn Optimizing Table Optimizing Table 
Structure and QueriesStructure and Queries
nn DenormalizationDenormalization
nn Overflow TableOverflow Table
nn Controlled RedundancyControlled Redundancy
nn Narrow ViewsNarrow Views
nn Short ViewsShort Views

Pattern List F

nn Optimizing General Optimizing General 
DesignDesign
nn Cluster ReadCluster Read
nn Bundled WriteBundled Write
nn Store for ForwardStore for Forward
nn Flat File WriteFlat File Write

(* reduce database traffic and disk I/O while keeping maintainability & reasonable cost)
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A B
A
B1
B2
B3

one physical 
page

Table Family
-----------
Parents
Child1
Child2
Child3

Overflow Table
-----------
Child4
Child5
…

(90%, number of B < 4)

Table A
-----------
A
B_OID
B_name
B_item

Table B
-----------
B_OID
name
item

Col_1  Col_2  Col_3 …  Col_n

Col_1  Col_2 …  Col_n
first 20
rows

foreign 
key
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Pattern F1: Pattern F1: Cluster ReadCluster Read

Object 
Manager

Object Layer

Cluster 
Reader Query

Tuple
Layer

Your Use Case’s Code Application Kernel

Record
Level Cache

Series of QueiresDatabase

How do you provide high performance access to large How do you provide high performance access to large 
chunks of data via an O/R access layer?chunks of data via an O/R access layer?

ProblemProblem

orthogonality?

more clusters 
harder to 
maintain
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Pattern F2: Pattern F2: Bundled WriteBundled Write

SolutionSolution

How do you speed up the process of writing dirty How do you speed up the process of writing dirty 
objects to the database?objects to the database?

ProblemProblem

Object 
Manager

Object Layer

Bundle Manager

Tuple
Layer

myTransaction commit Application Kernel

Write 
Query

Bundled QueryDatabase

Write 
Query
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Pattern F3: Pattern F3: Store for ForwardStore for Forward

SolutionSolution

How do you shorten waiting time when there is How do you shorten waiting time when there is 
too much data for transfer.too much data for transfer.

ProblemProblem

Database 
Access Layer

Client

Database

Database

Local
Buffer

Bundle
Manager

Communication
Protocol

Communication
Protocol

store

forward
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Pattern F4: Pattern F4: Flat File WriteFlat File Write

What if you can’t wait for the database inserts What if you can’t wait for the database inserts 
when having too much data to write.when having too much data to write.

ProblemProblem

Step1: writing

Batch Job

Database

Step2: loading

database access 
layer

flat file

write Load

encapsulation?

only good for
inserts, how 
about updates?
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Building the Access LayerBuilding the Access Layer

nn Table Design TimeTable Design Time
nn Representing Objects as TablesRepresenting Objects as Tables

Pattern List G
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Questions & commentsQuestions & comments

?
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