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Abstract - This paper describes an activity-based cost ontology that has been designed for supporting for product family 
planning where components and module reuses across products are planned to maintain economies of scale. Ontology is a 
formal specification of domain knowledge and has been used to define a knowledge base for experts who need to share 
information in a domain of interest. Establishing an activity-based cost ontology will enhance the capture, storage, and 
retrieval of cost information and facilitates sharing of the common understanding of the role of costs among different types 
of engineers during product family planning. This ontology includes the concepts associated with resource costs, resource 
pools, operation activity, tasks, and product family costs, defines the properties of each concept, and represents the 
relationships among the concepts explicitly. Protégé  is used to build the ontology and recode cost information in a consistent 
manner so that it can be easily assessed across a distributed network and efficiently retrieved for subsequent re-use. The 
resulting ontological cost model is an initial step toward a knowledge-based costing system for product family planning we 
are currently developing. An example demonstrates how the proposed activity-based cost ontology can help estimate 
production costs for a family of products. 
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I. INTRODUCTION 
 
Understanding how the product family influences 
production costs is a challenging task for product 
family planning. It embodies all of the challenge of 
product costing while adding more products in a 
product line in an effort to increase resource reuse 
without compromising production characteristics of 
their individual products. In the context, a basic 
development strategy for product costing is to 
capture, store, and retrieve the costs of products 
during product family planning since in many cases 
product family designs are derived from previous 
designs. An important aspect of this strategy is the 
capture of key cost information and knowledge about 
product family planning in a consistent manner so 
that it can be easily assessed across a distributed 
network and efficiently retrieved for subsequent re-
use. The resulting product costing should be 
integrated with the design repository intended to 
assist in capturing product information for reference 
product data libraries [1].  
Toward developing such product costing, this paper is 
aimed at developing a cost knowledge base 
representing the different types of product 
specifications that affect production costs and 
capturing cost knowledge from costing engineers so 
that it can be reused from one family to the other in 
estimating production costs. 
We follow some fundamental rules suggested in 
ontology design [2], which can help to make ontology 
design decisions. This activity-based cost ontology 
accounts for economic processes used in the 
manufacturing and assembly of families of consumer 
products. In addition, it considers the cost benefits of 
the platforms identified by many sources, including 
suggesting from research, production engineers, 

current product development teams, and 
benchmarking of competitors  
 
This ontology design starts with answering several 
basic questions related to product family planning: 
 
 What is the domain that the ontology will cover? 
 For what we are going to use the ontology? 
 For what types of questions the information in 

the ontology should provide answers? 
 Who will use and maintain the ontology? 
 
The answers to these questions help limit the domain 
and scope of the model. The representation of ABC 
for product family planning is the domain of this 
ontology. We plan to use this ontology for the 
application to estimate production costs and potential 
savings for product families and product platforms. 
What we consider in this ontology development is 
therefore the concepts describing different types of 
resource costs, the notion of activity-based costing, 
and product modeling figuring into our ontology. 
Since this ontology we are designing will be used to 
assist in product family planning in terms of costs, it 
includes all cost information relevant to producing 
product families for concepts in the ontology. This 
ontology is used and maintained by cost estimators 
working closely with design and manufacturing 
engineers. 
 
II. ACTIVITY BASED COST ONTOLOGY 
 
The activity-based cost (ABC) ontology represents 
such ABC process, formalizes concepts to describe 
different types of ABC costs, and classifies the design 
features that affect costs for a product family 
planning domain [3]. To create the ABC ontology, we 
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follow general costing principles, the terminology 
used in management accounting, general definition of 
manufacturing activities and tasks, and generic 
product structure. Fig. 1 shows the ABC classes that 
different groups of engineers can use to capture, 
store, and retrieve cost information for product family 
planning. With the ABC classes, cost engineers can 
determine the design features that affect costs. Design 
engineers can plan levels of platforms that reduce 
production costs by making components and 
subassemblies sharable across the products. 
Manufacturing engineers can specify the 
manufacturing activities required to product a family 
of products. In particular, design engineers can obtain 
cost information about the resources that could be 
saved by commonality planning since this ontology 
includes representation of activity costs and their 
consumed resources. 
ABC focuses on indirect costs that are shared by 
more than one cost object (i.e., 
parts/subassemblies/products in a family). The 
following four steps are used to implement ABC for 
multiple products. 
 
Step 1 - organization resources are grouped into 
various resource pools and determines the cost of 
each resource pool. 
Step 2- various tasks performed in the organization 
are then grouped into major, functionally 
homogeneous activity categories. Each activity 
consumes different amounts of one or more resource 
pools. 
Step 3 - The costs of performing the activities are 
determined by allocating the costs from the resource 
pools to each activity according to the percentage of 
the resource pool consumed or resource cost drivers. 
Step 4 - Cost drivers measure the frequency and 
intensity of the demands placed on activities by cost 
objects, such as the product or service being 
produced. 
Step 5 - Once the activity costs are determined, they 
are then allocated to the cost objects using cost 
drivers. 

Figure 1: The resource cost taxonomy and its basic properties 

III. COST ASSIGNMENT TO OPERATION 
ACTIVITIES 
 
This activity cost ontology adopts the classification of 
resource costs used in management accounting. Costs 
have been classified by function into: 1) 
manufacturing and 2) non-manufacturing costs. 
Manufacturing costs are all the costs incurred inside a 
factory where cost objects are produced. These costs 
are further broken down into: 1) direct manufacturing 
and 2) indirect manufacturing costs. Direct 
manufacturing costs are traced or assigned to 
products that create those costs, such as material and 
labor costs exclusively used for one product. Indirect 
manufacturing costs are more difficult to trace to each 
product because such costs are shared by more than 
one product. Non-manufacturing costs include an 
organization’s other costs incurred by transactions 
between a factory and outside entities. Fig. 2 shows 
the hierarchy of resource costs and their basic 
properties. Resource costs are also classified into 
flexible and capacity-related resources. Flexible 
resources are resources whose costs are proportional 
to the volume of production. Capacity-related 
resources are acquired and invested in advance of 
when the work is done. This classification is 
particularly useful in consistent and accurate use of 
accounting information for product family planning. 

 
IV. FEATURE-RELATED TASK TAXANOMY 
 
A feature is defined by its design-related parameters 
such as its dimension, shape, size, surface finish, etc. 
A feature-related task is defined as a process applied 
to a feature, which is represented by defining the 
restrictions on how particular processes might be 
paired together with features. Feature-related tasks 
are categorized into three tasks: manufacturing, 
indirect, and non-manufacturing task. Feature-related 
tasks utilize the same vocabulary used in production 
and ABC. The tasks that process features are 
represented in terms of operation activities. The 
features that determine the consumption of activity 
drivers are represented in terms of activity-related 
features (ARFs). 
 
V. CASE STUDY 
 
In this section, we present a case study of activity-
based cost ontology for product family planning 
using data given in the literature and provide the 
examples and screenshots of the cost ontology for 
product family planning for illustrative purpose. 
Weunstink [4] used the IT computer assembling and 
power unit examples for developing cost estimation 
framework, respectively. We use their examples for 
illustrative purposes. This example shows how ABC 
knowledge of a family of products is captured and 
stored using this proposed ontology. 
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Figure 2: The GBOM of a product family of personal 
computers and its product family planning taxonomy 

CONCLUSION 
 
The purpose of the activity-based cost ontology is to 
provide a more holistic picture of costing process. 
This proposed ontology describes an example of the 
kind of work that is going on in product family design 
and design engineers’ efforts to best use cost 
information and show data flows that characterize all 
ABC process. Future work is to develop a knowledge 
based system for production cost estimation for 
product family planning. Cost agents answer queries 
about the costs of components and the relevant 
platform cost when they are common. 
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