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Abstract— Systems development can be seen as a process of 
transforming users’ tasks and perceptions into computer-based 
software artefacts.  In this paper, we propose the transformation 
agent architecture for developing intelligent systems.  We view 
the information system transformation ontology as comprising of 
content ontology and mechanism ontology.  We reinforce the 
information systems transformation ontology concept by 
associating its components (content ontology and the mechanism 
ontology) with software models (object model, agent model, and 
intelligent technology model) and problem solving adapter 
models. The outcome of this integrated reinforcement is an 
agent-based transformation architecture which can be used to 
develop intelligent systems. The association of objects, agents, 
and intelligent technologies with problem solving adapters is 
based on their intuitive tasks and structure modelling strengths 
respectively, rather than their technological motivations.  
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I. INTRODUCTION 
Systems development can be viewed as a process of 

modelling and transforming user’s tasks and perceptions into 
some form of script that is executable in a computing 
environment [1].  As the objective of systems development is 
to provide a solution to the problem, it is essential that the 
systems are to be modelled with respect to the type of problem 
which it is built for.  Therefore, two related questions need to 
be addressed: which problem the system should solve, and 
how the system is going to solve the problem.  

A number of modelling techniques have been employed for 
such interest, see [2, 3], for example.  Among some of the best 
known include data-flow diagrams, state transition diagrams, 
entity-relationship diagrams. Although these modelling 
techniques are excellent and widely used for modelling and 
designing software systems, their successful implementation is 
largely dependent on the experience of the system modeller 
who justifies the modelling techniques to be used at different 
levels of systems development process. Furthermore, their 
appropriateness for modelling modern intelligent systems that 
are based on the synergy between humans and computers are 
doubted.  The principles of these modelling techniques are 
largely influenced by the computer world, which address the 
problem the system should solve from the computational end, 

rather than being based on involvement of people and their 
tasks. In fact, in organizations, people solve problems in a task 
context rather than in a technology context.  To this end, it is 
necessary to understand the way humans perform or 
accomplish their tasks; the things they do, the things they act 
on and the things they need to know [4].  The motivation of 
this interest comes from a number of perspectives, including a 
study done by [5] of major accidents in power plants, aircraft, 
and other complex systems. The study found that 60 to 80 
percents of the accidents were blamed on operator error, 
mistaken or incorrect action by people who operate equipment 
or systems.  Given the nature of human limitations, much of 
the blame might have gone to poor system modelling and a 
design that created a high likelihood of error. 

We present in this paper Transformation Agent 
Architecture (TAA) for developing multi-media data base 
systems, information systems and intelligent systems. From a 
systems development point of view, we recognize TAA as an 
instance of the transformation ontology, which is one of the 
three ontology components of the overall information systems 
ontology, as shown in Figure 1. We outline the task-based 
problem solving adapter, which is used as a base to unify 
features derived from the intelligent technology model, agent 
model, and object model. The underlying philosophy of 
problem solving adapters is based on the distributed cognition 
approach as outlined by [6-9].  The software artefacts such as 
objects and agents have been integrated to the problem solving 
adapters as a means of realizing the characteristics of the 
problem solving adapters at their computational level.  The 
selection of the software artefact is based on their intuitive 
modelling strengths rather than their technological 
motivations.  

This paper is organised as follows. Section II outlines the 
information systems transformation ontology as well as 
providing a modelling view of unifying software artefacts and 
problem solving adapters. Section III provides information on 
the transformation agent architecture. Section IV briefly 
describes an example of applying the features of TAA. 
Section V, which is the last section, concludes with a 
summary of the paper. 

II. INFORMATION SYSTEMS TRANSFORMATION ONTOLOGY 
Information systems ontology provides explicit knowledge 

level specification of conceptual frameworks for modelling 
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domain knowledge which may be affected by the particular 
domain and task it is intended for [10]. Zuniga, in [11], 
defines information systems ontology as being an axiomatic 
theory made explicit by means of a specific formal language. 
Being specific to a particular domain, information systems 
ontology needs to account for the intended meaning of a 
formal vocabulary or protocol that are employed by the agents 
of the domain under investigation [11]. Keeping this view, we 
propose that information systems ontology should encompass 
ontological components such as activity analysis ontology, 
transformation ontology, and media interpretation and 
presentation ontology, as shown in Figure 1. 

 This section briefly outlines some of the features of the 
transformation ontology component, which involves content 
ontology and mechanism ontology. 
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Figure 1.  Information systems component 

A. Content Ontology  
The content ontology defines various tasks, data and 

information required by agents (which could be humans 
and/or computers) as well as information processing phases to 
perform their work activities. In this paper, we describe the 
overall content ontology using the definition of task-based 
problem solving adapters (PSA), as shown in Table 1.  The 
use of PSA can be thought as analogous to a device that 
facilitates mapping/transforming some of the real world tasks 
and associated data to a computer software artefact.  The PSA 
has taken into account a number of perspectives such as 
complex real world systems, neurobiological control, 
cognitive science, man-made physical systems, human-
centeredness, learning, knowledge representation, task 
complexity, conscious and automated behaviour, and others.  
The PSA has been based on experience of developing 
software systems for complex real world problems like image 
processing, sales management, diagnosis and others.  More 
detail of PSA can be found in [12, 13].  The adapters are 
described in terms of the information processing phases 
(namely, preprocessing phase, decomposition phase, control 
phase, decision phase, and postprocessing phase), tasks to be 
accomplished in each phase, intelligent methods used for 
accomplishing the tasks in different phases and hybrid 

configuration of the intelligent methods.  Some of the features 
of the PSAs are summarized in Table 1. 

The intelligent methods are selected based on top down 
and/or bottom up knowledge engineering strategies.  The 
intelligent mechanisms reflect integration of artificial and 
computational intelligent levels of problem solving.  This 
involves symbolic, fuzzy, neural network, and genetic 
algorithm methods.  The architecture incorporates fusion, 
transformation and combination methods as a mean to 
maximize both the quality of solution and range of tasks to be 
handled.  In situations where the nature of the problem is 
rather structured and/or semi-structured orientation, the 
intelligent methods and hybrid arrangement may not necessary.  
In contrast, however, these intelligent mechanisms are 
required if the problems are unstructured. 

TABLE 1. SUMMARY OF TASK-BASED PROBLEM SOLVING ADAPTER 

PHASE (SOME) TASKS INTELLIGENT 
METHODS (optional) 

HYBRID 
CONFIGURATION 

Preprocessing 
phase 

Eliminates noise 
which is peculiar to 
problem under study, 
input conditioning 

Symbolic Methods, 
Fuzzy Methods 

 

Transformation 

Decomposition 
phase 

Analyzes and 
decomposes the 
problem domain into 
set of abstract 
concepts/classes 

Symbolic Methods 

Neural Network 
Methods 

Combination 

Control phase Operates within each 
abstract class and 
performs input 
validation and 
problem formulation, 
determination of 
decision level classes, 
and resolving 
conflicting outcomes 
of decision level 
classes 

Symbolic/Fuzzy 
Methods,  Neural 
Network Methods, 
Fuzzy-Neural  Network 
Methods, Genetic 
Algorithm Methods 

Fusion, 
Transformation 

Decision phase Determines/predicts 
specific 
classifications with 
each decision-level 
class and provides 
desired outcomes to 
problem solver 

Neural Network 
Methods, Numerical 
Methods Mathematical 
Algorithms, Fuzzy-
Neural Network 
Methods, Genetic 
Algorithm Methods 

Fusion, 
Transformation 

Postprocessing 
phase 

Validates decision, 
explains and presents 
decisions made  in 
the decision phase 

 

Symbolic/Fuzzy 
Methods, Neural 
Network Methods, 
Genetic Algorithm 
Methods 

Fusion, 
Transformation 

B. Mechanism Ontology 
The mechanism ontology provides a view on using 

information processing mechanism that can operate on the 
tasks, data and information represented in the content 
ontology. Such information processing mechanism can be 
done by using the four software paradigm ontologies (e.g. 
conventional paradigm [2, 14, 15], intelligent paradigm [16-
19] , object paradigm [20-22], and agent paradigm [23-26]) 
individually or in unison. Indeed, it could be viewed that the 
mechanism ontology complements the content ontology to 
facilitate constructing a software artefact at the computational 
level architecture of the transformation ontology.  
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III. TRANSFORMATION AGENT ARCHITECTURE 
In this section, we solidify the transformation ontology by 

merging software models with the problem solving adapter 
model as a frame. To this end, the characteristics of the three 
software models are associated with the problems solving 
adapter model. These three software models consist of the 
object model, agent model, and intelligent technology model. 
Figure 2 shows the association of the models.  Various 
features of object-orientation including inheritance, 
composability and other non-hierarchical relationships 
between various concepts facilitate structuring representations 
of the problem domain class, agent class and problem solving 
class.  This allows development of generic data structures and 
methods, a multiple inheritance structure and formation of 
heterogeneous objects. 

 

 
Figure 2.  Association of object, agent, intelligent technology, and problem 

solving adapter models 

The notion of agents used here is derived from the agent 
and agent architectures of [19].  As agent is based upon a 
task/goal abstraction in which an agent engages in the problem 
domain.  Thus, it is used for mapping the task context of PSAs 
to represent the structure of the problem solving agents in 
terms of PAGE description [19].  This is in contrast to object-
orientation which is an entity that represents some data items 
in the system together with the operations that can be 
performed on the data item during system activity.  An agent 
facilitates task-based communication and defines the nature of 
communication between different agents which can be 
intricate and complex (e.g. negotiation) depending upon the 
application domain.  The features of agent-orientation help us 
to capture goal/task-based orientation which is dynamic by 
nature.  In addition, the properties of the agent such as 
learning and adaptation are especially important for describing 
the human behaviour aspect which are tasks or goals driven in 
an appropriate way. The intelligent technology model, which 
consists of expert systems, fuzzy logic, neural networks, 
genetic algorithms, along with their intelligent hybrid 
configurations, helps to capture various intelligent 
technologies used for modelling different data and tasks. 

The PSA is used as a frame of integration of object and 
agent models to enable effective realization of task context in 
which humans solve problems.  The role played of the PSA is 
then providing agents the intelligent strategies and methods 
for achieving or satisfying agents’ tasks/goals under given 
constraints such as fast response time, reliability and temporal 
reasoning.  This is done by executing a sequence of actions 
through the five information processing phases, and tasks 
associated with each phase and intelligent methods used to 
accomplish the tasks in each different phase. 

The association of object model, agent model, intelligent 
technology model, with task-based problem solving adapter 
model forms a building block of Transformation Agent 
Architecture (TAA) shown in Figure 3.   
 

Figure 3.  Building block of trasnformation agent architecture 

 
As shown in Figure 3, TAA is built on five layers. The 

object layer, software agent, intelligent agent, intelligent 
hybrid agent, and problem solving agent layers respectively. 
The role of the object layer, which is the inner layer, is to 
primarily capture problem domain objects and define their 
structural relationships.  The software agent layer consists of 
the generic distributed process agent, communication software 
agent, and media agent. The intelligent agent layer consists of 
the generic expert system agent, generic 
supervised/unsupervised neural network agent, generic fuzzy 
logic agent, and generic genetic algorithm agent. The 
intelligent hybrid agent layer makes use of intelligent features 
and methods provided by the intelligent agent layer (e.g. those 
of the expert system agent, fuzzy logic agent, and genetic 
algorithm agent). The intelligent features and methods can be 
utilised based on the fusion, transformation, and combination 
of configurations. Finally, the outer layer called the problem 
solving agent layer consists of five generic agents namely 
preprocessing, decomposition, control, decision, and 
postprocessing respectively. These agents communicate with 
each other by means of sending and receiving messages using 
appropriate communication constructs such as request, inform, 
order, etc.  All the agents in the architecture appear in Figure 3 
are defined based on the generic agent definition shown in 
Table 2. 
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TABLE 2. GENERIC AGENT DEFINITION TEMPLATE 

 

IV. APPLICATION 
This section gives an illustrative example of applying the 

TAA concepts to develop an Order Monitoring System (OMS) 
for sales and marketing function in an electrical 
manufacturing company. The company has a network of 
branches and manufacturing divisions to market and supply 
electrical equipment requirements for various types of 
industrial customers, e.g. original equipment manufacturers, 
contractors, consultants, and small private industrial 
customers.  The main products include a wide range of 
Luminaries, Motors, Alternators, Transformers, Switchgear, 
LT Panels, MCCBs (Moulded Case Circuit Breakers) 
Capacitors, etc. Order processing is a backbone function of the 
company.  Its execution spans across various organizational 
functions including sales and marketing, financial and 
accounting, engineering, and production. The reason for order 
monitoring development is to solve the coordination problems 
between marketing engineers and manufacturing divisions, 
and the consequential delay in shipment leading to loss of 
future orders.   

 

 
Figure 4.  OMS Tranformation agents 

 
OMS helps marketing engineers in the electrical 

manufacturing company to keep track of customer order 
processing stages like indent preparation, costing, reservation, 
production status, etc. An overall of transformation agents 
employed in the OMS is shown in Figure 4.  The task context 
performed by the stakeholders of the OMS (e.g. marketing 
manager and marketing engineers) to solve their problems is 
captured using the generic transformation agent definition 
template, which is shown in Table 2.  

 

TABLE 3. DEFINITION OF INDENT PREPARATION  AGENT OF THE OMS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All the transformation agents in Figure 4, which are the 

Indent preparation agent, Costing agent, Reservation agent, 
and Product tracking agent. All are well equipped with agent-
orientation features such as percept, goals/tasks, reactive, 
collaboration, etc. These features facilitate collaborative 
problem solving among these agents to achieve their 
goals/tasks.  For example, in Table 3, the goals of the Indent 
preparation agent in the context of OMS are: a) to monitor the 
preparation of Capacitor, Motor, and Transformer indents, b) 
to monitor changes in the indents, and c) to coordinate the 
information with indents.  To achieve these goals, the Indent 
preparation agent needs to engage a number of tasks including 
establishing communication constructs with other agents and 
objects, for example the Capacitors indent agent, Motor indent 

Name: Indent Preparation Agent 
Parent agent: TAA Control Agent 
Goals: Monitor the preparation of Capacitor, Motor, 

Transformer indents; 
Monitor changes in the indents; 
Coordinate the information with indents 

Tasks: Indent preparation data validation; Parsing 
incoming message; Error report; Conflict 
resolution between decision agents 

Task 
constraints: 

Efficient, Simple query; Domain dependent 

Precondition: Indent preparation data; Customer-related data; 
Product-related data 

Postcondition: Order accepted; Order rejected 
Communication 
with: 

Order Processing Decomposition Agent; Order 
Writing Decision Agent; Order Assembly 
Agent; Invoice Processing Agent 

Communication 
constructs: 

Request: Formatted Order writing data 
Command: Order Decision 
Reply: Process state 
Send: Report 

Represented 
features: 

Text and numeric data will be transformed to 
the valid format, and organised as single data 

Internal tools: Planning and sequencing of actions related to 
order writing 

Internal state: Order; Product; Customer 
Actions: Order data validation rules 

Check order type 
Check indents 
Distributed communication rules 
Conflict resolution rules 
Send formatted data 
Reply 
Parsing 
Action sequence rules 
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agent, Transformer indent agent, and Order object, in forms of 
request, inform, and command. Messages are sent and/or 
received via an interface channel of the Indent preparation 
agent. The messages perceived by the Indent preparation agent 
are mapped internally into a series of actions, such as 
identifying products/articles, checking order types, and 
checking indents. It is noteworthy that the communication acts 
establish virtual communication links between tasks of the 
indent preparation agent and the services offered, by linking to 
this agent in OMS object structure. These objects are 
Customer, Order, Product technical document, Indent form 
and Product catalogue. Due to space limitations, the 
exhaustive features of the transformation agents used in OMS 
cannot be adequately covered. However, more detail about 
modelling and design of OMS can be found in [12]. 

V. CONCLUSION 
The Transformation Agent Architecture (TAA) described in 

this paper consists of five layers (one object layer plus four 
agent layers). The role of the object layer is primarily to 
capture the problem domain objects and define their 
relationships. The four agent layers provide a range of 
capabilities related to different aspects of problem solving. 
The problem solving agent layer provides capabilities to 
model user’s tasks in a way which is separated from the low 
level details of various techniques and methods (e.g. neural 
networks) employed to execute various actions. The 
intelligent hybrid agent layer and intelligent agent layer 
provide intelligent tools of varying complexity to satisfy 
various tasks constraints in a problem domain. The software 
agent layer facilitates communication between problem 
solving agents as well as providing them with media related 
services such as display and layout.  The agents in the four 
agent layers can be used in isolation or in unison. Table 2 
provides a generic agent definition temple for defining these 
agents.  

To illustrate how the TAA approach can be realised in a 
real problem domain, a brief discussion about applying the 
TAA approach to develop a system for monitoring sales stages 
of a large electrical manufacturing company was provided in 
this paper.  

Work on the integrated system development framework is 
in progress, as it is not yet entirely complete. This will be 
included in future papers, as well as providing a new direction 
for further research. 
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