
US 20020112223A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0112223 A1 
(19) United States 

BROBST et al. (43) Pub. Date: Aug. 15, 2002 

(54) OBJECT ORIENTED MECHANISM AND 
METHOD FOR MAINTAINING ELEMENTS 
ON A FLEXIBLY CONSTRAINED 
COLLECTION THAT MAY USE ANY 
SUITABLE OBJECT AS A KEY 

(76) Inventors: CURTIS HOWARD BROBST, 
ROCHESTER, MN (US); JAMES 
EDWARD CAREY, ROCHESTER, 
MN (US); BRADLEY WILLIAM 
FAWCETT, BYRON, MN (US); 
SIEGFRIED WIESENHOFER, WIEN 
(AT) 

Correspondence Address: 
DEREK P MARTIN 
MARTIN & ASSOCIATES 
221 W 4TH STREET SUITE 2 
CARTHAGE, MO 64836 

( * ) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/177,027 

(22) Filed: Oct. 22, 1998 

Publication Classi?cation 

(51) Im. c1? . .... .. G06F 9/44 

(52) US. Cl. ................................................................ .. 717/1 

(57) ABSTRACT 

In an object oriented computer system, an object oriented 
mechanism and method de?nes a common interface to 
maintain elements on a collection While providing the capa 
bility of using virtually any suitable object as a key to the 
collection. A programmer de?nes an interface on a collec 
tion that includes suitable object methods for adding, remov 
ing, and replacing elements of the collection. The constraints 
that determine Whether elements may be added, removed, or 
replaced is encapsulated in a policy that is de?ned by the 
programmer. The programmer identi?es one or more keys, 
Which may include any suitable object in the object oriented 
system. A maintainer class provides a client interface for 
maintaining elements on the collection according to the 
de?ned policy and according to the keys de?ned by the 
programmer. The present invention recognizes the common 
characteristics that exist in maintaining elements on a keyed 
collection, and provide predetermined classes and class 
relationships that provide support for maintaining any col 
lection using any key that a programmer may de?ne. 
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OBJECT ORIENTED MECHANISM AND METHOD 
FOR MAINTAINING ELEMENTS ON A FLEXIBLY 
CONSTRAINED COLLECTION THAT MAY USE 

ANY SUITABLE OBJECT AS A KEY 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] This invention generally relates to object oriented 
programming and more speci?cally relates to a mechanism 
and method for storing and retrieving elements of collec 
tions in an object oriented environment. 

[0003] 2. Background Art 

[0004] The development of the EDVAC computer system 
of 1948 is often cited as the beginning of the computer era. 
Since that time, computer systems have evolved into 
extremely sophisticated devices, and computer systems may 
be found in many different settings. Computer systems 
typically include a combination of hardWare, such as semi 
conductors and circuit boards, and softWare, also knoWn as 
computer programs. As advances in semiconductor process 
ing and computer architecture push the performance of the 
computer hardWare higher, more sophisticated computer 
softWare has evolved to take advantage of the higher per 
formance of the hardWare, resulting in computer systems 
today that are much more poWerful than just a feW years ago. 

[0005] Computer systems typically include operating sys 
tem softWare that controls the basic function of the com 
puter, and one or more softWare application programs that 
run under the control of the operating system to perform 
desired tasks. For example, a typical IBM Personal Com 
puter may run the OS/2 operating system, and under the 
control of the OS/2 operating system, a user may execute an 
application program, such as a Word processor. As the 
capabilities of computer systems have increased, the appli 
cation softWare programs designed for high performance 
computer systems have become extremely poWerful. Addi 
tionally, softWare development costs have continued to rise 
because more poWerful and complex programs take more 
time, and hence more money, to produce. 

[0006] One Way in Which the performance of application 
softWare programs has been improved While the associated 
development costs have been reduced is by using object 
oriented programming concepts. The goal of using object 
oriented programming is to create small, reusable sections of 
program code knoWn as “objects” that can be quickly and 
easily combined and re-used to create neW programs. This is 
similar to the idea of using the same set of building blocks 
again and again to create many different structures. The 
modular and re-usable aspects of objects Will typically speed 
development of neW programs, thereby reducing the costs 
associated With the development cycle. In addition, by 
creating and re-using a comprehensive set of Well-tested 
objects, a more stable, uniform, and consistent approach to 
developing neW computer programs can be achieved. 

[0007] A central concept in object oriented programming 
is the “class.” A class is a template that de?nes a type of 
object. A class outlines or describes the characteristics or 
makeup of objects that belong to that class. By de?ning a 
class, objects can be created that belong to the class Without 
having to reWrite the entire de?nition for each neW object. 
This feature of object oriented programming promotes the 
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reusability of existing object de?nitions and promotes more 
ef?cient use of program code. 

[0008] Many softWare applications need to operate on data 
that already exists, and need to store data for later use by 
another softWare application. Adatabase is generally used to 
store persistent data, that is, data that survives beyond the 
life of a softWare process that may create, use, or modify the 
data. Databases are knoWn in the art as persistent storage 
mechanisms (or simply, persistent stores). Often, data in an 
object oriented computer system needs to be stored in a 
“collection”, Which is a grouping of objects that have one or 
more common characteristics. A collection is typically 
de?ned by an object that stores references to objects that are 
elements of the collection, and by object methods that alloW 
adding an element, removing an element, and replacing an 
element in the collection (referred to collectively herein as 
“maintaining elements” on the collection). One knoWn Way 
to provide a collection de?nes one or more “keys” that are 
used to classify data Within the collection, and provides 
intelligence regarding hoW that elements in the collection 
may be maintained Within the collection itself. HoWever, this 
approach requires a programmer to custom-de?ne the con 
straints and the operations for maintaining the collection for 
each collection in the system. In addition, knoWn containers 
that are used to store collections may use character strings as 
a key, but do not have the ability to use object pointers as a 
key. Thus, a programmer must typically provide a set of 
limited keys that have unique string identi?ers that alloWs 
them to be used as keys. These limitations create a signi? 
cant amount of Work for the programmer that needs to 
provide the capability of maintaining information in a col 
lection using keys in an object oriented program. Without a 
mechanism for alloWing a programmer to ?exibly de?ne 
keys for a collection and constraints on maintenance of 
elements Within the collection, the computer industry Will 
continue to suffer from excessive development costs for 
object oriented applications that are custom-programmed to 
support particular key and maintenance constraints With 
very little reusability of the code. 

DISCLOSURE OF INVENTION 

[0009] In an object oriented computer system, an object 
oriented mechanism and method de?nes a common interface 
to maintain elements on a collection While providing the 
capability of using virtually any suitable object as a key to 
the collection. A programmer de?nes an interface on a 
collection that includes suitable object methods for adding, 
removing, and replacing elements of the collection. The 
constraints that determine Whether elements may be added, 
removed, or replaced is encapsulated in a policy that is 
de?ned by the programmer. The programmer identi?es one 
or more keys, Which may include any suitable object in the 
object oriented system. A maintainer class provides a client 
interface for maintaining elements on the collection accord 
ing to the de?ned policy and according to the keys de?ned 
by the programmer. The present invention recogniZes the 
common characteristics that exist in maintaining elements 
on a keyed collection, and provide predetermined classes 
and class relationships that provide support for maintaining 
any collection using any key that a programmer may de?ne. 

[0010] The foregoing and other features and advantages of 
the invention Will be apparent from the folloWing more 
particular description of preferred embodiments of the 
invention, as illustrated in the accompanying draWings. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0011] The preferred embodiments of the present inven 
tion Will hereinafter be described in conjunction With the 
appended drawings, Where like designations denote like 
elements, and: 

[0012] FIG. 1 is a block diagram of an apparatus in 
accordance With a preferred embodiment of the present 
invention; 
[0013] FIG. 2 is a How diagram shoWing the steps in 
de?ning classes in an object oriented mechanism that main 
tains elements on a keyed collection using any suitable 
object as a key, and shoWs the step of maintaining the keyed 
collection according to the keys and policies de?ned by the 
mechanism; 
[0014] FIG. 3 is a class diagram shoWing the classes and 
class relationships for providing a collection that encapsu 
lates maintenance constraints and that alloWs using any 
suitable object as a key; 

[0015] FIG. 4 is a class diagram shoWing an eXample of 
using the classes of FIG. 3 in a speci?c application; and 

[0016] FIG. 5 is an object interaction diagram shoWing 
the addition of an element to a collection using the classes 
of FIG. 4. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0017] The present invention is accomplished through the 
use of object oriented programming concepts. For those Who 
are not familiar With object oriented programming concepts, 
the brief overvieW beloW provides background information 
that Will help the reader to understand the present invention. 

[0018] 1. OvervieW 

Object Oriented Technology v. Procedural 
Technology 

[0019] Object oriented programming is a method of pro 
gram implementation in Which programs are organiZed as 
cooperative collections of objects, each of Which represents 
an instance of some class, and Whose classes are all mem 
bers of a hierarchy of classes united via inheritance rela 
tionships. Object oriented programming differs from stan 
dard procedural programming in that it uses objects, not 
algorithms, as the fundamental building blocks for creating 
computer programs. This difference stems from the fact that 
the design focus of object oriented programming technology 
is Wholly different than that of procedural programming 
technology. 
[0020] The focus of procedural-based design is on the 
overall process used to solve the problem; Whereas the focus 
of object oriented design is on casting the problem as a set 
of autonomous entities that can Work together to provide a 
solution. The autonomous entities of object oriented tech 
nology are, of course, objects. Object oriented technology is 
signi?cantly different from procedural technology because 
problems are broken doWn into sets of cooperating objects 
instead of into hierarchies of nested computer programs or 
procedures. 
[0021] Thus, a pure object oriented program is made up of 
code entities called objects. Each object is an identi?able, 
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encapsulated piece of code and data that provides one or 
more services When requested by a client. Conceptually, an 
object has tWo parts, an external object interface and internal 
object implementation. In particular, all object implementa 
tion functions are encapsulated by the object interface such 
that other objects must communicate With that object 
through its object interface. The only Way to retrieve, 
process or otherWise operate on the object is through the 
methods de?ned on the object. This protects the internal data 
portion of the object from outside tampering. Additionally, 
because outside objects have no access to the internal 
implementation, that internal implementation can change 
Without affecting other aspects of the program. 

[0022] In this Way, the object system isolates the requestor 
of services (client objects) from the providers of services 
(server objects) by a Well de?ned encapsulating interface. In 
the classic object model, a client object sends request 
messages to server objects to perform any necessary or 
desired function. The message identi?es a speci?c method to 
be performed by the server object, and also supplies any 
required parameters. The server object receives and inter 
prets the message, and can then decide What operations to 
perform. 

[0023] There are many computer languages that presently 
support object oriented programming techniques. For 
eXample, Smalltalk, Object Pascal, C++ and Java are all 
eXamples of programming languages that support object 
oriented programming to one degree or another. 

[0024] 2. Detailed Description 

[0025] According to a preferred embodiment of the 
present invention, an object oriented mechanism and method 
alloW a user to de?ne maintenance constraints and a simple 
maintenance interface on a collection. The mechanism 
alloWs any suitable object to be used as a key to classifying 
elements (i.e., data) stored in the collection. In this manner, 
any client object that needs to access data in the collection 
may use the maintenance interface Without requiring that the 
object contain any intelligence regarding the key scheme or 
constraints that govern the accessing of data Within the 
collection. 

[0026] Referring to FIG. 1, a computer system 100 in 
accordance With the preferred embodiment is an enhanced 
WindoWs NT computer system. HoWever, those skilled in 
the art Will appreciate that the mechanisms and apparatus of 
the present invention apply equally to any computer system, 
regardless of Whether the computer system is a complicated 
multi-user computing apparatus or a single user Workstation. 
As shoWn in FIG. 1, computer system 100 comprises a 
processor 110 connected to a main memory 120, a mass 
storage interface 130, a terminal interface 140, and a net 
Work interface 150. These system components are intercon 
nected through the use of a system bus 160. Mass storage 
interface 130 is used to connect mass storage devices (such 
as a direct access storage device 155) to computer system 
100. One speci?c type of direct access storage device is a 
?oppy disk drive, Which may store data to and read data 
from a ?oppy diskette 195. 

[0027] Main memory 120 contains data 121, an operating 
system 122, and an object oriented object mechanism 123 in 
accordance With the preferred embodiments. Object mecha 
nism 123 includes multiple pre-de?ned classes 124, Which 
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include a container class 125, a maintainer class 126, a 
policy class 127, an element class 128, and a key class 129. 
While the classes 125-129 are shoWn in FIG. 1 as residing 
Within the object mechanism 123 according to the preferred 
embodiment, it is equally Within the scope of the invention 
to have one or more of these classes provided separate from 
the object mechanism 123. 

[0028] The container class 125 de?nes an object oriented 
container that can hold a collection of object oriented 
objects. The maintainer class 126 de?nes logic for adding, 
removing, and replacing data in the collection stored in an 
instance of the container class 125. The maintainer class 
provides the public interface for performing all maintenance 
on the collection. The policy class 127 de?nes constraints 
relating to the maintenance of the collection. For eXample, 
the policy class may require that an object be of a certain 
type before alloWing it to be added to the collection. The 
element class 128 de?nes elements, or members, of the 
collection residing Within an instance of the container class 
125. The key class 129 de?nes one or more keys that are 
used to classify instances of the element class 128. Note that 
instances of key class 129 may be any suitable object, but for 
the preferred embodiments herein, instances of the key class 
129 are persistent objects. 

[0029] Computer system 100 utiliZes Well knoWn virtual 
addressing mechanisms that alloW the programs of computer 
system 100 to behave as if they only have access to a large, 
single storage entity instead of access to multiple, smaller 
storage entities such as main memory 120 and DASD device 
155. Therefore, While data 121, operating system 122, and 
object mechanism 123 are shoWn to reside in main memory 
120, those skilled in the art Will recogniZe that these items 
are not necessarily all completely contained in main memory 
120 at the same time. It should also be noted that the term 
“memory” is used herein to generically refer to the entire 
virtual memory of computer system 100. 

[0030] Data 121 represents any data that serves as input to 
or output from any program in computer system 100. 
Operating system 122 is a multitasking operating system 
knoWn in the industry as WindoWs NT; hoWever, those 
skilled in the art Will appreciate that the spirit and scope of 
the present invention is not limited to any one operating 
system. Operating system 122 preferably supports an object 
oriented programming environment such as that provided, 
for eXample, by the Java programming language. 

[0031] Processor 110 may be constructed from one or 
more microprocessors and/or integrated circuits. Processor 
110 eXecutes program instructions stored in main memory 
120. Main memory 120 stores programs and data that 
processor 110 may access. When computer system 100 starts 
up, processor 110 initially eXecutes the program instructions 
that make up operating system 122. Operating system 122 is 
a sophisticated program that manages the resources of 
computer system 100. Some of these resources are processor 
110, main memory 120, mass storage interface 130, terminal 
interface 140, netWork interface 150, and system bus 160. 

[0032] Although computer system 100 is shoWn to contain 
only a single processor and a single system bus, those skilled 
in the art Will appreciate that the present invention may be 
practiced using a computer system that has multiple proces 
sors and/or multiple buses. In addition, the interfaces that are 
used in the preferred embodiment each include separate, 
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fully programmed microprocessors that are used to off-load 
compute-intensive processing from processor 110. HoW 
ever, those skilled in the art Will appreciate that the present 
invention applies equally to computer systems that simply 
use I/O adapters to perform similar functions. 

[0033] Terminal interface 140 is used to directly connect 
one or more terminals 165 to computer system 100. These 
terminals 165, Which may be non-intelligent (i.e., dumb) 
terminals or fully programmable Workstations, are used to 
alloW system administrators and users to communicate With 
computer system 100. Note, hoWever, that While terminal 
interface 140 is provided to support communication With 
one or more terminals 165, computer system 100 does not 
necessarily require a terminal 165, because all needed inter 
action With users and other processes may occur via netWork 
interface 150. 

[0034] NetWork interface 150 is used to connect other 
computer systems and/or Workstations (e.g., 175 in FIG. 1) 
to computer system 100 across a netWork 170. The present 
invention applies equally no matter hoW computer system 
100 may be connected to other computer systems and/or 
Workstations, regardless of Whether the netWork connection 
170 is made using present-day analog and/or digital tech 
niques or via some netWorking mechanism of the future. In 
addition, many different netWork protocols can be used to 
implement a netWork. These protocols are specialiZed com 
puter programs that alloW computers to communicate across 
netWork 170. TCP/IP (Transmission Control Protocol/Inter 
net Protocol) is an eXample of a suitable netWork protocol. 

[0035] It is also important to point out that the presence of 
netWork interface 150 Within computer system 100 means 
that computer system 100 may engage in cooperative pro 
cessing With one or more other computer systems or Work 
stations on netWork 170. Of course, this in turn means that 
the programs and data shoWn in main memory 120 need not 
necessarily all reside on computer system 100. For eXample, 
one or more portions shoWn in main memory 120 may reside 
on another system and engage in cooperative processing 
With one or more objects or programs that reside on com 

puter system 100. This cooperative processing could be 
accomplished through use of one of the Well knoWn client 
server mechanisms such as remote procedure call (RPC). 

[0036] At this point, it is important to note that While the 
present invention has been and Will continue to be described 
in the conteXt of a fully functional computer system, those 
skilled in the art Will appreciate that the present invention is 
capable of being distributed as a program product in a 
variety of forms, and that the present invention applies 
equally regardless of the particular type of signal bearing 
media used to actually carry out the distribution. Examples 
of suitable signal bearing media include: recordable type 
media such as ?oppy disks (e.g., 195 of FIG. 1) and CD 
ROM, and transmission type media such as digital and 
analog communications links. 

[0037] The remainder of this speci?cation describes the 
structure and function of object mechanism 123. Object 
mechanism 123 alloWs using any object to be used as a key 
to classifying elements Within a collection. Object mecha 
nism 123 segregates the functions relating to the collection 
according to its classes. The container class 125 holds a 
collection of instances of the element class 128, With each 
element being classi?ed according to an instance of the key 
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class 129. The maintainer class 126 contains the logic for 
adding, removing, and replacing elements in the collection 
along With any other logic for performing suitable opera 
tions on the collection or on elements Within the collection. 
The discussion herein generally refers to the addition, 
removal, and replacement of elements of the collection for 
the purpose of illustration, recogniZing that maintainer class 
126 contains the logic for performing not only these enu 
merated functions, but any logic for other suitable opera 
tions on the collection as Well. The policy class 127 de?nes 
constraints on the operations of the maintainer. By separat 
ing the functions of object mechanism 123 into these classes, 
a more uniform, ?exible, and reusable design results. A 
programmer may program different constraints in the policy 
class 127 Without changing the logic Within the maintainer 
class 126 and Without changing the container class 125. A 
programmer may use different objects as keys Without 
affecting the container class 125, the maintainer class 126, or 
the policy class 127. This judicious separation of functions 
into separate classes provides advantages not found in the 
prior art. Object mechanism 125 is described beloW With 
reference to FIGS. 2-5. 

[0038] Referring to FIG. 2, a method 200 provides steps 
210-240 that de?ne object mechanism 123, instantiates 
object mechanism 123 in step 250, then uses object mecha 
nism 123 to maintain elements on the collection in step 260. 
The ?rst step 210 is to de?ne the container class. The 
container class is a class that “contains” a collection of 
objects. In other Words, an instance of container class 210 
Will hold references to multiple objects that make up a 
collection. The term “collection” herein is used to refer to 
the group of objects that are stored Within an instance of the 
container class 210, While a “container” is the instance of the 
container class 125 that holds the collection. 

[0039] The next step 220 is to de?ne the policy class 127, 
Which de?nes constraints on the maintenance of the collec 
tion that Will be stored Within an instance of the container 
class 125. One suitable example of a policy requires that all 
objects stored in the collection be of a particular type, or 
implement a particular interface, or contain a particular 
attribute. If an object does not meet the constraints de?ned 
by the policy class 127, it Will not be stored in the collection. 
By providing the policy class 127, the collection is said to 
be “?exibly constrained” because the policy class 127 may 
be easily changed or replaced by a user to de?ne neW 
constraints. 

[0040] The next step 230 is to de?ne the key class 129, 
Which de?nes classi?cations of elements (or objects) stored 
Within the collection. For example, if the elements Within the 
collection are employees, the classi?cations of part-time and 
full-time may be used, and/or the classi?cations of hourly 
and salaried may be used. Each of these classi?cations 
Would have a corresponding key object (instance of the key 
class 129) that may be used to classify the elements Within 
the collection. 

[0041] The next step 240 is to de?ne the maintainer class 
126 to provide the internal logic for maintaining the collec 
tion using the methods de?ned by the interface of the 
container class 125 according to the constraints in the policy 
class 127 and the keys in the key class 129. At this point the 
object mechanism 123 has been de?ned, and the classes that 
comprise object mechanism 123 are instantiated (step 250). 
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Once the classes are instantiated, the instance of the main 
tainer class provides a public interface for any client object 
or program to add, remove, or replace elements in the 
collection (step 260) by simply invoking the add(), 
remove(), or replace() methods on the maintainer instance. 
The function of object mechanism 123 in response to the 
invocation of these methods is described in more detail 
beloW, particularly in reference to FIG. 5. 

[0042] Referring noW to FIG. 3, a class diagram shoWs 
classes Within object mechanism 123, Which include the 
classes 125-129 shoWn in FIG. 1. In addition, container 
class 125 is shoWn as a subclass of a PropertyContainer class 
310, Which represents that many object oriented systems 
have prede?ned containers. Container class 125 may be a 
suitable subclass of a prede?ned container 310 rather than 
having to program the container class 125 from scratch. One 
suitable prede?ned container that could correspond to Prop 
ertyContainer class 310 is disclosed in US. Ser. No. 08/927, 
944 “Property Container Type Objects” ?led Sep. 11, 1998. 
Ahandle class 320 is also provided, Which provides a unique 
handle identi?er instance that is associated With each key 
instance. The handle class encapsulates a unique persistent 
object reference that uniquely identi?es an object associated 
With one of its instances. While handle class 320 is explicitly 
shoWn for the key class 129 for the purpose of illustrating 
the present invention, one skilled in the art Will recogniZe 
that one or more of the other classes Within object mecha 
nism 123 may also have corresponding handles. 

[0043] The container class 125 de?nes methods that may 
be invoked to maintain the collection stored Within an 
instance of the container class 125. Examples of suitable 
methods include add(), remove() and replace(). Add() is 
invoked to add an element to the collection stored Within the 
container instance, passing the element to be added as a 
parameter. Remove() is invoked to remove an element from 
the collection stored Within the container instance, passing 
the element to be removed as a parameter. Replace() is 
invoked to replace one element in the collection With a 
different element, passing both the key of the element to be 
replaced and the neW element as parameters. The container 
class has a “contains by reference” relationship With the 
element class 128, indicating that the container holds refer 
ences to one or more element instances that comprise the 
collection. 

[0044] A maintainer class 126 is provided, Which de?nes 
add(), remove(), replace() and possibly other methods that 
are invoked to add, remove, replace, or otherWise maintain 
elements in the collection that are store in an instance of the 
container class 125. The maintainer class 126 includes logic 
that determines if constraints in the policy class alloW 
elements in the collection to be added, removed, or replaced, 
and further includes logic to classify each element in the 
collection according to one or more keys de?ned by the key 
class 129. The maintainer class 126 has a “uses” relationship 
With the container class 125, indicating that the internal logic 
of the maintainer class may invoked methods on the con 
tainer class. The relationship betWeen the key class 129 and 
the element class 128 is shoWn by a dotted line, indicating 
that each instance of the element class 128 is “keyed by” an 
instance of the key class 129, Which means that each element 
is classi?ed Within the collection according to one or more 
keys. 
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[0045] The key class 129 de?nes objects that may be used 
as keys to classifying the elements Within the collection. In 
the prior art, containers could receive strings as keys, but 
objects typically could not be used as keys because the 
objects Were dynamically created at run-time and did not 
have a ?xed name and could therefore be used as a key. 
HoWever, key class 129 has an associated handle class 320. 
An instance of the handle class 320 is an identi?er Within an 
object oriented system that is unique across all objects in the 
system. By associating a handle With each key, a key 
maintains a unique identity that remains ?xed, even if the 
name of the key changes. This alloWs the key handle to be 
used as an identi?er that uniquely identi?es the key in the 
system. This approach alloWs the key class 129 to be used 
in conjunction With prior art containers that can only receive 
string keys by converting a key’s handle to a string, and by 
using the string to classify elements stored in the collection. 

[0046] The key class has a “contains by value” relation 
ship With the policy class, indicating that each key Will have 
an associated policy associated With it. Note that a key is not 
required to have an associated policy. If no policy is speci 
?ed, there Will be no constraints on the add(), remove() and 
replace() methods that are used to maintain the collection. 
The policy class 127 is a policy that determines criteria for 
maintaining elements on the collection. While the policy 
class 127 is shoWn in FIG. 3 as a single class in the preferred 
embodiment, the present invention extends to any combi 
nation of classes or objects that perform the function of 
providing criteria or constraints on maintaining elements in 
a collection. One suitable variation could use a chain of 

responsibility policy scheme, such as that disclosed in US. 
Ser. No. 09/038,352 “Method of Using Decoupled Chain of 
Responsibility”, ?led Mar. 11, 1998. In addition, While 
policy class 127 is shoWn being contained by the key class 
129, the policy class 127 could be attached to the maintainer 
class 126, the container class 125, the element class 128, or 
any other suitable class so long as the maintainer class 126 
knoWs hoW to retrieve an appropriate instance of the policy 
class 127. 

[0047] Referring to FIG. 4, a speci?c example of the class 
diagram of FIG. 3 may help to understand to concepts of the 
preferred embodiment. The speci?c example of FIG. 4 
assumes that a company has a collection of accounts, Which 
are classi?ed according to the type of journal entry that 
corresponds to the account. A CompanyContainer class 425 
is de?ned as a particular example of a suitable container 
class. As in FIG. 3, the CompanyContainer class 425 is a 
subclass of the PropertyContainer class 310, Which is a 
prede?ned class in some object oriented system. The ele 
ments of interest in this example are accounts, represented 
by the Account class 428. The keys are de?ned by the 
JournalEntryType class 428, Which has corresponding 
handles 320. Avalidation policy 427 contains constraints on 
the add(), remove() and replace() methods that are invoked 
on the maintainer class 426 to assure that the accounts are 

properly validated (i.e., alloWed for that type of journal 
entry) before they are performed. 

[0048] The function of an object mechanism 123 as shoWn 
in FIG. 4 is best understood With reference to the object 
interaction diagram of FIG. 5. Each object in FIG. 5 is an 
instance of the corresponding classes in FIG. 4, With the 
exception of the aClient object, Which represents any object 
or program that is capable of invoking methods on the 
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aMaintainer object to maintain the collection stored in the 
aCompanyContainer object. We assume for purposes of 
illustration that the aClient object ?rst invokes the add() 
method on aMaintainer, passing the container, element, and 
key as parameters (step 1). This operation in step 1 of FIG. 
5 is a request by the aClient object to add an account object 
named anAccount to the collection stored in aCompany 
Container using aJournalEntryType as the key (or classi? 
cation) for the anAccount object. In response, the aMain 
tainer object invokes the getValidationPolicy() method on 
the speci?ed key, aJournalEntryType (step 2). The aMain 
tainer object then invokes the validate() method on the 
anAccount object, passing the aValidationPolicy object as a 
parameter (step 3). Note that the validation in step 3 is only 
performed if a corresponding validation policy exists. 

[0049] For the example in FIG. 5, in response to step 3, 
the anAccount object invokes the isValid() method on the 
aValidationPolicy object (step 4), passing anAccount as a 
parameter. The isValid() method determines Whether the 
anAccount object meets the constraints de?ned in the aVali 
dationPolicy object. If the anAccount object does not meet 
the constraints in the aValidationPolicy object, an exception 
is throWn. If the anAccount object does meet the constraints 
in the aValidationPolicy object, the anAccount returns an 
indication to the aMaintainer object that the anAccount 
object has been validated. At this point in time, the aMain 
tainer has successfully validated the element to be added to 
the collection. 

[0050] The aMaintainer object then invokes the getStrin 
gRepresentation() method on the aJournalEntryType object 
(step 5). In response, the aJournalEntryType object invokes 
the getString() method on the aJournalEntryTypeHandle 
object (step 6), Which is the unique handle that corresponds 
to the aJournalEntryType object. In response, the handle 
converts its unique identi?er into a string and returns the 
string to the aJournalEntryType object, Which in turn returns 
the string to the aMaintainer object. At this point, the 
aMaintainer object has obtained the string identi?er that 
identi?es the appropriate key object (i.e., aJournalEntry 
Type) that is used to classify the anAccount object, and the 
anAccount object may be added to the collection With its 
corresponding key by invoking the addPropertyBy() method 
on the aCompanyContainer object, passing the string of the 
key and the object to be added (i.e., anAccount) as param 
eters (step 7). The aCompanyContainer object then adds the 
anAccount object to its stored collection of objects, along 
With its corresponding stringi?ed key. 

[0051] The object mechanism 123 of the present invention 
provides a great deal of poWer and ?exibility in maintaining 
elements in collections. First, by providing a validation 
policy as a separate class, the constraints for maintaining the 
collection may be changed by simply changing the policy 
class, Without affecting other classes. Second, by providing 
the capability of converting a unique handle of any suitable 
object, such as a persistent object, into a string, virtually any 
object may be used as a key to classify elements in the 
collection. Because the handle of the object is used as the 
key, the key for the object Will not change, even if the name 
of the object changes of if its location in memory changes. 
Third, the object mechanism 123 may be used Without 
affecting containers that are already de?ned, even if the 
containers can only key elements using strings, because the 
mechanism 123 provides the capability of providing a 
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unique string that corresponds to any key object. Fourth, the 
client interface for maintaining the collection and the logic 
for interacting With the elements and policy is all contained 
Within the maintainer class. Of course, other advantages that 
are not speci?cally recited herein Will be apparent to one 
skilled in the art. 

[0052] One skilled in the art Will appreciate that many 
variations are possible Within the scope of the present 
invention. Thus, While the invention has been particularly 
shoWn and described With reference to preferred embodi 
ments thereof, it Will be understood by those skilled in the 
art that these and other changes in form and details may be 
made therein Without departing from the spirit and scope of 
the invention. 

We claim: 
1. An apparatus comprising: 

at least one processor; 

a memory coupled to the at least one processor; and 

an object oriented object mechanism residing in the 
memory and eXecuted by the at least one processor, the 
object mechanism including a maintenance interface to 
maintain elements on a collection, the object mecha 
nism having the capability of using any object that has 
a unique identi?er as a key to the collection. 

2. The apparatus of claim 1 Wherein the unique identi?er 
comprises an object handle that corresponds to the key. 

3. The apparatus of claim 1 Wherein the object mechanism 
further includes a container class that contains the collection, 
the maintenance interface using the interface of the con 
tainer class to maintain the collection. 

4. The apparatus of claim 3 Wherein the container class is 
a subclass of a prede?ned container class. 

5. The apparatus of claim 1 Wherein the maintenance 
interface is provided by a maintainer class. 

6. The apparatus of claim 1 Wherein the object mechanism 
further comprises a key class that de?nes at least one key to 
the collection, each instance of the key class having a 
corresponding unique identi?er. 

7. The apparatus of claim 1 Wherein the object mechanism 
further comprises a policy class that speci?es at least one 
constraint on the maintenance of the elements in the collec 
tion. 

8. An apparatus comprising: 

at least one processor; 

a memory coupled to the at least one processor; 

an object oriented object mechanism residing in the 
memory and eXecuted by the at least one processor, the 
object mechanism including: 

a container class that contains a collection of elements; 

a maintainer class that de?nes a maintenance interface 
to maintain elements on the collection, the main 
tainer class using the interface of the container class 
to maintain the collection; 

a key class that de?nes at least one key to the collection, 
each key having a corresponding unique identi?er; 
and 

a policy class that speci?es at least one constraint on the 
maintenance of the elements in the collection. 
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9. The apparatus of claim 8 Wherein the unique identi?er 
comprises an object handle that corresponds to the key. 

10. An apparatus comprising: 

a memory; 

an object oriented object mechanism residing in the 
memory; and 

means residing in the memory for maintaining elements 
on a collection, the means having the capability of 
using any object that has a unique identi?er as a key to 
the collection. 

11. A method for correlating a plurality of elements in a 
collection to at least one key, the method comprising the 
steps of: 

providing a key that has a corresponding unique identi?er; 

providing a maintenance interface for adding, removing, 
and replacing the plurality of elements in the collection; 

creating one of the plurality of elements in the collection 
using the maintenance interface; and 

assigning the key to the one element in the collection. 
12. The method of claim 11 Wherein the key comprises a 

classi?cation of the plurality of elements. 
13. The method of claim 11 further comprising the step of 

validating the one element before creating the one element 
in the collection. 

14. A method for maintaining elements in a collection, the 
method comprising the steps of: 

de?ning a container class that contains the collection of 
elements; 

de?ning a policy class that speci?es at least one constraint 
on the maintenance of the elements in the collection; 

de?ning a key class that de?nes at least one key to the 
collection, each key having a corresponding unique 
identi?er; 

de?ning a maintainer class that includes at least one 
method that comprises the interface, the maintainer 
class using the interface of the container class to 
maintain the collection; 

instantiating the container class, the policy class, the key 
class, and the maintainer class; and 

an instance of the maintainer class adding, removing and 
replacing elements in the collection according to con 
straints speci?ed in an instance of the policy class using 
keys de?ned by at least one instance of the key class. 

15. A program product comprising: 

an object oriented object mechanism including a mainte 
nance interface to maintain elements on a collection, 
the object mechanism having the capability of using 
any object that has a unique identi?er as a key to the 
collection; and 

signal bearing media bearing the object mechanism. 
16. The program product of claim 15 Wherein the signal 

bearing media comprises recordable media. 
17. The program product of claim 15 Wherein the signal 

bearing media comprises transmission media. 
18. The program product of claim 15 Wherein the unique 

identi?er comprises an object handle that corresponds to the 
key. 
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19. The program product of claim 15 wherein the object 
mechanism further includes a container class that contains 
the collection, the maintenance interface using the interface 
of the container class to maintain the collection. 

20. The program product of claim 19 Wherein the con 
tainer class is a subclass of a prede?ned container class. 

21. The program product of claim 15 Wherein the main 
tenance interface is provided by a maintainer class. 

22. The program product of claim 15 Wherein the object 
mechanism further comprises a key class that de?nes at least 
one key to the collection, each instance of the key class 
having a corresponding unique identi?er. 

23. The program product of claim 15 Wherein the object 
mechanism further comprises a policy class that speci?es at 
least one constraint on the maintenance of the elements in 
the collection. 

24. A program product comprising: 

(A) an object oriented object mechanism including: 

a container class that contains a collection of elements; 
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a maintainer class that de?nes a maintenance interface 
to maintain elements on the collection, the main 
tainer class using the interface of the container class 
to maintain the collection; 

a key class that de?nes at least one key to the collection, 
each key having a corresponding unique identi?er; 

a policy class that speci?es at least one constraint on the 
maintenance of the elements in the collection; and 

(B) signal bearing media bearing the object mechanism. 
25. The program product of claim 24 Wherein the signal 

bearing media comprises recordable media. 
26. The program product of claim 24 Wherein the signal 

bearing media comprises transmission media. 
27. The program product of claim 24 Wherein the unique 

identi?er comprises an object handle that corresponds to the 
key. 


