
I find the the four layers (user, workspace, enterprise, resource) presented at the 
OOPSLA'98 workshop useful as an introduction to the concerns of the business object 
community, but inadequate as a general way to layer business object component systems. I 
will discuss this and other business object issues under the following headings:

Object orientation is essentially very simple. This simplicity should be leveraged in a 
business object metamodel.

1.

2. Business objects exist in a multi-dimensional space. The different perspectives reflect 
the different interests of the different observers. Separating the discussion along an 
organizational axis seems useful.

Business objects can be defined in terms of object composition. We then need a 
Business Object Schema that controls the interconnection of components.

3.

An important theme that I postpone for another opportunity is that there should be a clear 
separation between task oriented tools and domain oriented services.

1 Object orientation is essentially very simple

Object is an entity with a well-defined boundary and identity that encapsulates state and behavior. 
State is represented by attributes and relationships, behavior is represented by operations, 
methods, and state machines. An object is an instance of a class. (UML 1.3 glossary).

The following figure illustrates the essence of objects. Attributes are denoted Variables, 
relationships as Ports,  behavior as Methods and instances of operations as Messages. State 
machines are not shown explicitly, but [Egil Andersen] shows how state machines can be used to 
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Summary:
The proposed four layers for a business object component system are not adequate for two reasons. 

First, we need need several hierarchies tailored to the needs of the different role players. This has been 
done with great success in the specification of Enterprise JavaBeans. 

Second, business objects appear to be defined in terms of component composition. If so, we need a clear 
specification of a Business Object Schema.

Caveat:
My background is role modeling (OOram), Smalltalk, frameworks, component composition, reuse an, Java 
Beans and Enterprise Java Beans. I have not followed the work of the business object community and 
apologize in advance for all the things I do not know or understand.
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describe the behavior of individual objects as well as the behavior of a system of collaborating 
objects. Classes are not shown because I regard the notion of a class as being of limited utility for 
the systems architect.
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My notion of a component builds on this simple object model. The following definition 
focuses on what it is rather than on how it is built and stored.

A Component is a (reusable) object1.

2. A Component is an object that can be plugged into a container. (A backplane) The 
container offers certain services to the components. Different containers define different
families of components.

A component does not know its clients3.

A component is instantiated by cloning4.

Instances of components can be interconnected to form composite components or 
systems. The instantiation and interconnection can be controlled by a schema.

5.

The following figure illustrates how a component offers services to its clients through a socket, and
how it in its turn can call upon the services of other components. (These interconnections are 
essentially defined by interfaces, the class of a component is completely irrelevant to its clients).
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A system can be defined as "a part of the real world which we choose to regard as a whole, 
separated from the rest of the world during some period of consideration. A whole that we choose 
to consider as a collection of parts, each part being characterized by attributes and by actions 
which may involve itself and other parts". (Nygaard/Delta project)

Most traditional mainframe applications can be considered as closed systems. In contrast, we now 
need to think in terms of open systems: "For a given system, the environment is the set of all 
objects outside the system whose actions affect the system and also those objects outside the system
that are affected by the actions of the system".

There is a significant paradigm shift from the closed to the open systems:

In a closed system, the designer sees everything, knows everything, understands everything and 
controls everything:

The SYSTEM
Input Output

Contrast with an open system with objects in the environment. Here, the system is a (small) part of 
the whole, the object has responsibility, knows its collaborators and must be robust. Nobody knows
everything!

Finally, an Interface is essentially a characteristic of a communication path. The message sender 
can send the messages defined in the appropriate interface, while the receiver must be able to 
process the same messages. 
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Business objects exist in a multi-dimensional space2

The Enterprise JavaBeans architecture defines six distinct roles in the application development and 
deployment architecture. Each EJB role may be performed by a different party. The EJB 
specification is organized so that each player sees a simplified abstraction tailored to the needs of 
that player. I propose that the Business object architecture should be similarly structured. This 
opens for a powerful and complex architecture that appears simple from the perspectives of the 
individual role players. 

In [Reenskaug 1996] I used a 6-level value chain for the organization of a Intelligent 
Network (IN) service market in the telecommunications business, the corresponding EJB 
layers is shown in {curly braces}.

User layer. 
The User is the party who wants to use available services, and who is responsible for 
selecting and invocating a service. The typical User wants to concentrate on his or her 
tasks and should need to know a minimum of IN Service technology. Service interfaces 
should be as intuitive as possible, and only provide the functionality actually desired by 
each particular user.  The work processes on the User layer are determined by the user's
tasks and are outside the scope of this discussion.

1.

Subscriber layer. 
The Subscriber is the party who purchases a set of services on behalf of one or more 
Users, who pays for them, and who is responsible for making the services available to 
his or her users. In private households, the Subscriber is the User who enters into 
contract with the telecommunications provider and who pays the bills. In businesses, the
Subscriber will often be a facilities manager. The personal profile of the Subscriber is 
similar to the User profile, but the professional Subscriber may require somewhat more 
sophisticated facilities. The success criterion of the Subscribers is that the Users get to 
create their value, effectively and effortlessly.   The work processes on the Subscriber 
layer are outside the scope of our discussion.

2.

Service Provider layer.  {Application Assembler}
The Service Provider is a party who has a license for activating Intelligent Network 
service software for specified Subscribers. We think of the Service Provider as the 
corner Teleshop where consumers can buy regular services, but it could also be a 
professional customer consultant who sells specialized services to advanced 
corporations. The typical Service Provider person is a sales clerk or customer consultant
with fairly short IN Service training, and should primarily be concerned with 
understanding customer needs and how they can be satisfied with available IN Service 
products. The success criterion is likely to be that as many Users as possible use (and 
pay for) as many services as possible.   The main work processes on the Service 
Provider layer will be designed to support consulting and retail sales.

3.
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Service Creator layer.  {Deployer}
The Service Creator is a party who has a license for defining Intelligent Network 
service software and install it in the telecommunications network. The Service Creator 
will currently be a Public Telephone Authority (PTA), but our model is open for several
commercial Service Creator companies. The typical Service Creator person should 
understand the realities of the marketplace and the needs of the Service Provider, and 
cannot be expected to be expert in computer programming or the inner details of the IN 
technology. The success criterion is that the Service Provider constructs services that 
not only can be sold, but that actually will be used and create a revenue stream.   The 
main work processes on the Service Creator layer will involve collecting and analyzing 
market intelligence; specifying and defining products; and creating relevant 
documentation.

4.

Service Constituent Creator layer.  {Enterprise Bean Provider}.
The Service Constituent Creator is a party who has a license for producing software 
building blocks that may be configured into IN services. These software building 
blocks, called Service Constituents, are the reusable components used by the Service 
Creator to create service software. The typical Service Constituent Creator person is a 
computer programmer specialized in some technical aspect of IN Services. The Service 
Constituent Creator will build on the results of the Network Providers and other Service
Constituent Creators, and will understand how these results can be applied to the 
problems at hand. The success criterion will be that the Service Creators can create all 
the services that are needed in the market, and that the service constituents are simply 
presented to the Service Creators so that they can focus on the market and the products 
rather than the technology.  The main work processes on the Service Constituent 
Creator layer will be crafted after some software life cycle model such as the waterfall 
model or the spiral model [Boehm 88].

5.

Network Provider layer. {EJB Server Provider}
The Network Provider is the party who provides the basic communication facilities 
used by the IN services. The Network provider must also have facilities to control the 
integrity of the network and its services. The typical Network Provider person will be 
expert in some aspect of communication switching technology. This is typically the 
responsibility of Public Telecommunications Authorities (PTAs). The Network 
Provider is, therefore, a large corporation possessing deep technical and commercial 
skills.   The main work processes on the Network Provider layer will be crafted to 
support the creation of very large, ultra reliable, distributed communication systems.

6.

The EJB roles of EJB Container Provider and System Administrator are not covered in the above 
hierarchy.

For each role (layer in the value chain), there will be abstraction layers, work processes, 
deliverables, life cycles, etc. 

Defining suitable roles for the Business object specification will be critical for its success.

As a first example, I suggest possible abstraction layers seen in the perspective of the provider of 
end user tools: 
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Use Case Layer
specifying the system requirements

Tool Layer
providing the user's facilities

Service layer
GUI services (Java Beans), 

business services (Enterprise JavaBeans) 
General Services (Naming Service, ...)

Similarly, a hierarchy for the Component provider could be

Client Layer
representing the (unknown) client

Component Layer
the deliverable

Container layer
The backplane that supports the component

It is a goal that the picture seen by a role player shall be as simple as possible (but no simpler). This
to encourage the player to concentrate his powers on his main responsibilities and not on more or 
less irrelevant technical details.

3 The Business Component Composition Schema 

So where are the Business Objects? I suggest that the Business objects are essentially associated 
with component composition. (This is my interpretation of [Herzum and Sims 1998]. If I'm wrong, 
please substitute 'foo' for 'business object' in the following).
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End User Layer
applying a Business Object instance

System Instantiation Layer
where components are instantiated

and interconnected

BO Schema Definition Layer 
defining a family of systems

Component Provider Layer
making the components available 

in the composition environment

The BO Schema Definition Layer is particularly interesting. It assumes the existence of a library of 
components. For each component, there is some kind of specification of what can be connected to 
it and what it can connect to. The set of possible component structures is limited by these 
specifications.

Now the responsibility of the BO Schema Definer is to define the subset of all structures that are 
meaningful and useful in a certain context. Let's say we have Company and Person components, 
and that a Company can be linked to other objects through a link called Customer. We can then 
define a grammar that permits permits a company to have Companies or Persons as Customers, and
that Customers cannot have customers: 

/ OurCompany
: Company

/ OurCustomer
: Company, Person

customers
*

Now the Composition Layer player can connect any number of customer components to 
OurCompany component, but he cannot connect further customers to a Company customer.

This is not a good example. A better example can be found in [Reenskaug 1996], where you also 
find an extended discussion of object composition schemas and the name of the originator: Else 
Nordhagen.

You may see a clear parallel between the proposed BO Schema and the traditional database 
schema:
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Database user

Database schema

Basic entity types

Database system

System Instantiation

BO Schema

Components

BO Support

A final example. This document has been created in a system instantiation editor that is controlled 
by a component schema. The document's various parts are instances of a few document 
components. The appearance of the document in its editor is shown below:

One of the node types is TextComponent. A TextComponent is a node in a tree structure with a text
attribute. 
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The schema uses this component in several different roles:

A document  is a TextComponent where the attribute is the document title and the 
subnodes are constrained as follows: There must be exactly one title page, followed by 
any number of  {text, draw, table, ...}, followed by any number of sec (sections), 
followed by any number of appendix.

1.

A title page is a general TreeNode where the subnodes are zero or one of {tpAuthor, 
tpDate, tpText, ...}

2.

tpAuthor, tpDate, tpText and the more general text is are all TextComponents with no 
subnodes. (They are leaf nodes).

3.

sec is also a TextComponent. Its attribute is the name of the section, while the subnodes
are constrained to be any number of  {text, draw, table, ...}, followed by any number of 
sec.

4.

appendix is also a TextComponent. Its attribute is the name of the appendix, while the 
subnodes are constrained to be any number of  {text, draw, table, ...}, followed by any 
number of sec.

5.

Conclusion4

The work on the Business Object metamodel should consider different perspectives a la the EJB 
role players and BO Composition schemas a la the schema used in the OOram document editors 
and documented in [Reenskaug 1996].
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