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This thesis examines an implementation of a real-time Activity-Based Costing in a 
Finnish SME laser diode manufacturer. The implications to operational work and 
operations management are also discussed. 
 
The theoretical part of the thesis discusses the theory behind Activity-Based Costing, 
Cost Management, and the technologies used in the empirical part. 
 
A WWW-based ABC system was planned and implemented in the implementation 
part to help the case company in cost management and finance issues. The tool was 
integrated as a part of company’s Enterprise Resource Planning and Manufacturing 
Execution systems. Compared to traditional data collection models, the input to the 
application comes in real-time as a part of larger system integration. The thesis 
attempts to establish a relationship between Activity-Based Costing requirements and 
database systems. 
 
The company can benefit from Activity-Based Costing for example in product 
pricing by seeing the product costs from different perspectives. Decisions can be 
made based on actual cost information rather than managerial instinct. Based on the 
output data, it is also possible to examine whether it is profitable or not to start a 
project, a customer relationship or a product development process. 
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Diplomityössä on tutkittu reaaliaikaisen toimintolaskennan toteuttamista suomalaisen 
lasersiruja valmistavan PK-yrityksen tietojärjestelmään. Lisäksi on tarkasteltu 
toimintolaskennan vaikutuksia operatiiviseen toimintaan sekä toimintojen 
johtamiseen. 
 
Työn kirjallisuusosassa on käsitelty kirjallisuuslähteiden perusteella 
toimintolaskennan teorioita, laskentamenetelmiä sekä teknisessä toteutuksessa 
käytettyjä teknologioita. 
 
Työn toteutusosassa suunniteltiin ja toteutettiin WWW-pohjainen 
toimintolaskentajärjestelmä case-yrityksen kustannuslaskennan sekä taloushallinnon 
avuksi. Työkalu integroitiin osaksi yrityksen toiminnanohjaus- sekä 
valmistuksenohjausjärjestelmää. Perinteisiin toimintolaskentamallien 
tiedonkeruujärjestelmiin verrattuna case-yrityksessä syötteet 
toimintolaskentajärjestelmälle tulevat reaaliaikaisesti osana suurempaa 
tietojärjestelmäintegraatiota. Diplomityö pyrkii luomaan suhteen toimintolaskennan 
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Toimintolaskentajärjestelmää yritys voi hyödyntää esimerkiksi tuotteiden 
hinnoittelussa ja kustannuslaskennassa näkemällä tuotteisiin liittyviä kustannuksia eri 
näkökulmista. Päätelmiä voidaan tehdä tarkkaan kustannusinformaatioon perustuen 
sekä määrittää järjestelmän tuottaman datan perusteella, onko tietyn projektin, 
asiakkuuden tai tuotteen kehittäminen taloudellisesti kannattavaa. 
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1. INTRODUCTION 

Accurate cost information is critical for every aspect of a business, from its pricing 

policies to its product designs and performance reviews. Companies often lack useful 

tools to support decisions with cost information regarding their operations. Even today – 

when manufacturing companies are much more complex than earlier days – most 

twenty-first-century companies are still using the same traditional cost accounting 

systems and processes that were developed decades ago [1]. 

  

Activity-Based Costing (ABC) system represents a shift from a strictly financial 

perspective to a holistic whole-system perspective because they include both financial 

and non-financial data in its reporting. Rather than just listing cost factors and assigning 

them to products based on artificial allocations, ABC examines processes and 

workflows to identify actual activities that add costs. This wider and more realistic view 

of cost allows managers to base strategic decisions on more accurate information, which 

should improve the quality of those decisions. ABC aims not only to allocate overhead 

cost accurately, but also identifies the areas of waste, accurate product costs, improved 

business process opportunities, business strategies, and tactical and operational plans 

[2]. To improve profitability and performance, it is critical to understand where an 

organization’s time is spent and, in detail, what the organization does and how it does it. 

 

Traditionally in ABC systems the cost-driver rates are estimated by calculating 

manually or for example surveying employees to estimate the percentage of time they 

spent on some activity. Studies [3], [4] indicate that actual data collection is accurate, 

but most costly procedure. Managers, on the other hand, require information, which is 

relevant, accurate and readily available. The model this thesis proposes is a lightweight, 

a fully dynamic, and needs not much efforts of manual data collection. The information 

generated from the ABC can be used for variety of operational, strategic, and planning 

functions. 

 

Efficient ABC implementation arises from an integration of several information sources 

that are typically physical databases. Cost management requires a workable synergy 

between the information sources and their utilization for the purpose of management 
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decisions. Yet another important factor in the success is the reporting feature. Having 

report structures user friendly and to meet user needs, largely depends on the database 

design and to which extent company’s current databases can be utilized. Legacy 

systems and software rarely meet the needs of ABC that uses information from each 

business process. Regardless of the platform or design, the existing software usually 

lacks the flexibility to meet the analytical and conditional requirements of an ABC 

model. In companies with lots of legacy systems Enterprise Data Warehouse (EDW) 

type applications can be deployed to partly tackle the legacy problem. Further, the 

existing systems do not allow base-level information (for example time spent on quote 

preparation) to be captured because the need did not previously exist. 

1.1 Aim and Restr ictions 

The purpose of this study is to examine the possibilities of an accurate ABC in a holistic 

database centered management system. The thesis attempts to establish a relationship 

between ABC requirements and database systems, and describes a framework how to 

implement ABC efficiently, and introduces a modern twist to doing ABC with a real-

time data.  

 

Main research focus is in designing developing and implementing the framework and 

architecture for an Activity-Based Costing to case company’s cost management needs. 

Having the main focus is in Activity-Based Costing, also the prerequisites of developing 

the architecture will be addressed and the development process will be described.  

 

The case-company is converging towards a single database-based management system 

in which all business critical information is stored. The thesis is a part of company 

development activities and it is considered to be of high importance by the top 

management. 

1.2 Frame of Reference 

The frame of reference in this study is based on Activity-Based Costing developed in 

the manufacturing sector of the U.S. during the 1970 and 80s. Robin Cooper and Robert 
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Kaplan brought a notice to the concept in a number of articles published in Harvard 

Business Review beginning in 1988.  

 

The data for ABC and their main functions is derived from a research literature. 

Accounting practices are widely known and the basic ideas are the same everywhere. 

However, the system described in this thesis goes far beyond as the drivers and data 

produced by it is based on real information, for example accurate machine hours or 

telephone call durations. Usually the data for the drivers is estimated from interviews, 

observations or surveys. The company’s ABC system can use more in time data and 

resort less to heuristic interviews. Moreover, ABC is built as integral part of the 

company’s business infrastructure rather than as a separate application.  

 

Due to unique systems operated by the company, we decided to call it Real Time 

Activity Costing (RTAC). This thesis is mostly limited to cost side, even though the 

system manages equally well revenue type of voucher items.  

1.3 Structure of the Study 

Together with an introductory chapter and conclusions, the thesis consists of three main 

parts: the theory, empirical part, and findings (see Figure 1). The first part is the result 

of a literature study, combining theories of different authors with self-understanding the 

issue. It introduces the subject and the context to the reader. The main focus is on Cost 

Management Systems, Activity-Based Costing and Server-side programming. In 

addition, a theoretical implementation model for ABC is presented.  

 

The empirical research was carried out by means of a case study. The structure of the 

case study follows closely the theoretical framework. In order to understand the 

business- and Information Technology (IT)-infrastructure, some key parts of company’s 

IT environment are presented in the study. The purpose of the implementation part is to 

apply the theoretical model to a case study by focusing on the successful 

implementation of ABC-accounting system and the prerequisites that are needed. The 

implementation process and the technical implementation are presented. 
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Third part of the thesis presents findings and implications of the implementation part to 

operations management in the case company. Together with Findings and Implications, 

the Conclusions chapter attempts to analyze the differences between theoretical 

framework and case study development. 

 

 

Figure 1. Structure of the study 



9 

1.4 Conference Papers 

In co-operation with the thesis supervisor, the author wrote two conference papers, 

which discusses the benefits of the overall system. Both papers are closely related to the 

thesis as they describe the architecture in which the ABC system takes place. 

 

The first, invited paper [5] was presented by the author in Compound Semiconductor 

Manufacturing Expo in Palm Springs, CA, USA, in November 2005. The paper 

discusses Modulight’s holistic database system and its benefits for operations 

management.  

 

Another conference paper [6] has been approved for presentation, and will be presented 

in the Global Conference on Emergent Business Phenomena in the Digital Economy in 

November 2006, in Tampere, Finland. The paper examines an e-Commerce system for 

re-qualifying delivered products and inventory for new product specifications. It also 

proposes a streamline supply chain model with a mass-customization capability. In 

addition, the paper introduces benefits and foundation for strategy for producing generic 

renewable designs. 

1.5 Modulight, Inc. 

Modulight, Inc. is a privately held company that provides value-adding solutions to 

optical applications for industrial, communication, medical, space, and defense 

applications. Products include various types of semiconductor laser diodes from visible 

to Infrared wavelengths with output power levels from milliwatts to over hundred watts. 

Table 1 presents the three Modulight product lines, their primary markets, segments, 

and products. 

 

Modulight was found in year 2000 by a group of researchers from Optoelectronic 

Research Center (ORC), which is a subsidiary unit operating under the Council of 

Tampere University of Technology (TUT). 
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Since its birth, Modulight has gradually established a leading position in the industry by 

utilizing modern IT tools for semiconductor fab activity. The results have been 

reviewed in several invited talks in international manufacturing conferences. The 

company relies on proprietary scalable database centered manufacturing system, called 

Modulight Database (MLDB), which is connected to commercial Enterprise Resource 

Planning (ERP) and Customer Relationship Management (CRM) systems. 

 

As an ISO 9001:2000 and ISO 14001:2004 certified company, Modulight is committed 

to quality beyond standards. The goals are achieved by applying a process approach in 

the Quality Management System. 

 

Table 1. Modulight product lines 

Product line High-power  lasers Transmitter  lasers Custom products 
and services 

Markets - Industrial 
- Medical 
- Defense 
- Space 

- Telecom 
- Datacom 
- Cable TV 
- Defense 
- Space 

- All 

Segments DPSSL, Materials 
processing, Printing, 
Fiber lasers, 
Photodynamic 
therapy, Diagnostics, 
Range finding 

10GBASE-LRM, 
1G/10G Ethernet, 
PON, Fiber optic 
test and 
measurement, Intra-
satellite 
communications 

Range finding, 
Harsh environment 
lasers (space, oil-
exploration etc.), 
Customized 
services 
(mammography, 
dental x-ray etc.), 

Physical 
products 

- Chip-on-carriers 
- Unmounted bars  
- TO-can lasers 
- Pigtailed lasers 

- Laser chips 
- TO-can lasers 
- Coaxial lasers 
- TOSA lasers 

- Lasers 
- Detectors 
- Services (design, 
manufacturing, 
testing) 

Wavelength 6xx, 8xx, 9xx, 15xx 
nm 

13xx – 16xx nm All 

Output power 150 mW – 150 W < 150 mW All 
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2. COST MANAGEMENT SYSTEMS 

2.1 Management Accounting 

Management accounting systems provide information to managers and employees 

within the organization. Financial accounting reports, in contrast, communicate 

economic information to individuals and organizations that are external to the company 

[7]. Usually financial accountancy information is for the most parts public information. 

Financial accounting is also more periodical and usually regulated by various 

conventions and rules. Where finance accounting is delayed and based on historical 

information, management accounting is intended to be current and future oriented. It 

helps management to record, plan and control activities and aids the decision making 

process. Moreover, it can focus on specific areas of an organization’s activities – 

financial accounting concentrates on the organization as a whole. Table 2 summarizes 

the differences between the two accounting systems. 

 

Table 2. Financial and Management Accounting Basic Features [7] 

 Financial accounting Manager ial accounting 

Audience External: Stockholders, 
creditors, tax authorities 

Internal: Workers, managers, 
executives 

Purpose Report on past 
performance to external 
parties; contracts with 
owners and lenders 

Inform internal decisions made by 
employees and managers; feedback 
and control on operating 
performance 

Timeliness Delayed; historical Current, future oriented 
Restr ictions Regulated; rules driven by 

generally accepted 
accounting principles and 
government authorities 

No regulations; systems and 
information determined by 
management to meet strategic and 
operational needs 

Type of 
Information 

Financial measurements 
only 

Financial plus operational and 
physical measurements on 
processes, technologies, suppliers, 
customers, and competitors 

Nature of 
Information 

Objective, auditable, 
reliable, consistent, precise 

More subjective and judgemental; 
valid, relevant, accurate 

Scope Highly aggregate; report 
on entire organization 

Disaggregate; inform local 
decisions and actions 
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The demand for management accounting information comes from the need to provide 

information for helping employees and managers make good decisions about their 

organization’s financial, physical, and human resources. The information can be about 

pricing, capital expenditure projects, product costs or competition. These decisions 

should lead to lower cost supplier relationships, more profitable products and 

customers, and more efficient and responsive processes. Budgets created and prepared 

by the management accounting serve to motivate managers and subordinates to attempt 

to achieve the organization’s objectives. [7], [8] The demand may differ at each level of 

the organization. For example employees at the shop floor primarily need information to 

control and improve operations. Executives, on the other hand, receive information that 

summarizes transactions and event occurring at the individual operator, customer, and 

department levels [7]. Table 3 summarizes the functions of management accounting 

information.   

 

Table 3. Functions of Management Accounting Information  [7] 

Operational control Provide feedback information about the 

efficiency and quality of tasks performed 

Product and customer  costing Measure the costs of resources used to produce 

a product or service and market and deliver the 

product or service to customers 

Management control Provide information about the performance of 

managers and operating units 

Strategic control Provide information about the enterprise’s 

financial and long-run competitive 

performance, market conditions, customer 

preferences, and technological innovations 

 

Current trend has been in converging of these two accounting systems in the leading 

corporations. Financial accounting, or legal accounting as it is sometimes called, needs 

increasingly calculations that are highly associated with management accounting. 

Various regulatory requirements – not least Sarbanes-Oxley – require companies to 

implement forward-looking statements and quantitative figures thereof into their legal 
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financial reports. Whether that is interpreted as part of financial accounting or not is 

mostly semantics, but in fact the calculations are done by the legal accounting 

department not the cost/managerial accounting department. Regarding organizational 

structure supporting these activities a clear trend can be seen in increasing future 

convergence of these organizational elements. 

2.2 Activities and Business Processes 

Generally, an activity means “ the work performed within an organization” . It brings 

together people, equipment, materials, energy, and other resources to produce a product 

or service. [7] An activity can be anything from performing a telephone call to doing a 

manufacturing step in a production. 

 

The measurement of activities is the key organization principle for studying 

management accounting information. Cost systems based on activities - like ABC in 

this thesis - link organizational spending on resources to the products and services 

produced and delivered to customers [7]. The activity data not only help the 

organization to identify problems, but in many cases also suggest how to solve them. 

For example Modulight Manufacturing Execution System’s (MES) data can be used to 

identify what process (or sub-process) takes most of the time, and use this information 

to improve performance. 

 

Business processes represents series of activities that are linked to perform specific 

organizational objective. Business process can be for example order fulfillment or 

customer administration. In order to implement ABC, the complete business process 

should be divided into a set of activities. 
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2.3 Using Cost Information Inside the Organization 

2.3.1 Definition of Cost 

The old management accounting adage recommends, “different costs for different 

purposes” . It is fair difficult to define cost as there is no single definition for cost. The 

costs are developed and used for some specific purpose, and the way the cost is to be 

used will define the way it should be computed. A cost object is something for which 

the cost is being computed. [7] Examples of cost objects are a product, a customer, a 

person, a product line, or an organizational unit. 

Direct cost is “a cost of a resource or activity that is acquired for or used by a single 

cost object” . In Modulight’s environment, a direct cost could be for example a subtract 

material used for creating a laser chip. Indirect cost, also called overhead, means “ the 

cost of a resource that was acquired to be used by more than one cost object” . [7] For 

example the cost of a microscope used to visually inspect different laser chips is an 

indirect cost, because it is used to inspect different products, such as laser chips and 

laser bars. 

2.3.2 Activities Creating Costs 

The activities required to make and deliver a product to the organization’s customers 

create a demand for resources (materials, labor, and equipment). The acquisition and 

consumption of these resources create costs, which the accounting system measures. For 

example, when using raw materials, the costs increase. Accounting systems track costs 

created by some underlying activity whether it is resource use or resource acquisition. 

[7] Cost can be reduced by eliminating the need for activities, or by improving the 

performance of existing activities. 
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2.3.3 Cost Structures Today 

The composition of manufacturing costs has changed substantially in recent years. In 

early 1900s, direct labor represented a large proportion (sometimes 50% or more) of 

total manufacturing costs. Direct material cost was also substantial. [7] Because of this, 

the cost accounting systems were designed to focus on measuring and controlling direct 

labor and materials. Capacity-related costs were allocated to products in proportion to 

some volume-based measurement, like the machine hours used by the product. 

In today’s industrial environment, a direct labor is only a small portion of 

manufacturing costs. In electronics industry, the direct labor is only about 5% of total 

manufacturing cost. The cost of direct materials, however, still remains important as it 

represent about 40% to 60% of the costs in many plants [7]. 

The big change in cost structure comes from higher share of total costs represented by 

capacity-related costs. This is mostly due to shift toward greater automation, which 

generally requires more production engineering, scheduling, and machine setup 

activities. The change in cost structure has caused cost systems that used volume 

measurement to allocate indirect costs to become increasingly inaccurate in computing 

product costs. Distortion in costs is common in conventional costing systems as the 

costs are using for example a volume measure. 

Today’s Internet economy is especially interesting as the production cost may approach 

zero-% in some cases. The marginal costs to reproduce, use or transfer the product are 

low. There are, however, high sunken fixed costs involved to produce the first copy. 

2.4 Traditional Cost Management Systems 

Traditional cost accounting systems assign operating expenses to products with a two-

stage procedure. First, expenses are assigned to production departments and then, in the 

second stage, production department expenses are assigned to the products. Traditional 

cost accounting systems operate according to the premise that cost objects consume 

resources directly, and process (activity) costs are not calculated at all [7], [9]. 
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The traditional approach to cost-allocation consists of three steps [10]: 

1. Accumulate costs within a production or non-production department 

2. Allocate non-production department costs to production departments 

3. Allocate the resulting (revised) production department costs to various products, 

services, or customers 

 

Like in the early 1900s cost structures, traditional cost-accounting systems often 

allocate costs based on single-volume measures such as direct-labor hours, direct-labor 

costs, or machine hours. Single volume measure as an overall cost driver seldom meets 

the cause-and-effect criterion desired in cost allocation. Costs derived from traditional 

allocation approach suffer from several defects that can result in distorted costs for 

decision-making process. Accordingly, such products are charged for resources that 

they did not use. [7], [10] As a result, traditional cost accounting has limited 

information available on the actual causes of the cost. 

2.5 Cost Management in the Case Company  

When the project was started, there was no cost accounting system in use for 

determining a real cost of a product, a customer or a project. Company databases had a 

lot of information available, but it was widely scattered. It was difficult to analyze the 

cost of a single product, as information in the Enterprise Resource Planning (ERP) 

system was not actually representing the current company product portfolio.  

 

For end user it was very time consuming to find the information from various database 

sources. In the beginning of the project, nobody possessed a full knowledge how to 

assess all the customer or product costs. It would have been really time consuming and 

inaccurate to find the information from databases manually, and eventually it would 

have lead to cost distortions. For this reason, the product costs were determined by 

managerial instinct more than based on facts. This resulted to less than optimal 

decisions, which would have been presumed with high probability to result in less than 

optimal shareholder value creation. In the beginning, however, all the required 

information was already available from Manufacturing Execution System (MES), ERP 

and CRM, but a system to fetch and process this information was required. 
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Another need to implement ABC came from the fact the company needed to answer 

customer and other interested parties rather vague financial facts. The new system is 

meant to provide increased accuracy. This is also something external customer audits 

require. Furthermore such high level insight is very valuable in product portfolio 

definition and other strategy work among many other applications. 

 

In principle, product related costs were measured by making rough calculations of the 

costs of manufacturing activities. Spreadsheet software, such as Microsoft Excel, was 

used to make calculations and “what if”  models. The calculations, however, did not take 

in account other costs than those created in the manufacturing. As depreciations of 

expensive manufacturing equipment represent large proportion of the costs, the 

calculations also included either effective depreciations or monthly depreciations 

divided by average user time. 

 

The company does not provide off-the-shelf products, but each product is more or less a 

customized design. Some products are manufactured in large quantities, which may 

provide a better price, but usually a compromise in the design. Truly customized 

products on the other hand provides better features, but for a higher price. This is where 

ABC can help the company to find out proper price for the product, but also to help 

customers understand how their behavior affects of the product and service. Thus the 

customers will only pay for what creates enough value [6]. 

 

Some of the of the products are fully manufactured in-house and some are purchased 

from subcontractors and suppliers. Also combinations of these two exist. From case-to-

case the wafer epitaxy is also made in case company’s reactors or purchased elsewhere. 

Once the laser chip manufacturing is completed, the product is packaged to various 

designs using outsourcing, or sold directly to customers as a laser chips or laser bars. 
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3. ACTIVITY-BASED COSTING (ABC) 

3.1 General 

Activity-Based Costing measures the cost and performance of activities, resources, and 

cost objects, in relation to the inherent drivers of those costs. Specifically, expense 

categories or resources are assigned to activities, then activities are assigned to cost 

objects based on their use. Comparing to traditional accounting methods, ABC goes far 

beyond by recognizing the causal relationships of cost drivers to activities.  

 

The main motivation for a company to implement and use ABC is the need for reliable 

cost information. Reliable product cost information is considered to be a powerful tool 

in increasing a company’s profitability and competitiveness [11].  Accurate cost 

information, on the other hand, is critical for every aspect of a business, from its pricing 

policies to its product designs and performance reviews [12]. 

 

 

Figure 2. Overhead costs are allocated to cost objects in two stages 

 

As Figure 2 represents, the allocation is done in two stages [1]. It is similar to but more 

general than the structure of traditional cost systems. Where traditional cost systems use 

actual departments or cost centers for accumulating and redistributing costs, the ABC 

systems use activities [7].   
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In the first stage the overhead costs are assigned to cost pools within the activity center, 

based on a cost driver. In second stage the costs are allocated from cost pools to a cost 

object (for example to a product or a customer), based on the cost object’s consumption 

of activities [3]. In a way the second stage of ABC is very similar to traditional cost 

management as the proportions are calculated for example by a number of activities 

performed. 

 

When calculating a cost of a product, usually the focus is in manufacturing costs and 

their assignment to cost objects. Companies however also incur substantial expenses 

outside their factories. Especially with the importance of customer satisfaction and 

market-oriented strategies, the costs of marketing, selling, and distribution expenses 

have been increasing rapidly in recent years. Many of these expenses do not relate to 

individual products or product lines, but rather are associated with individual customers, 

market segments, and distribution channels. Comparing to manufacturing costs, these 

are far more difficult to measure automatically.  

3.2 Activity-Based Management 

Cost Accounting Management International (CAM-I) defines Activity-Based 

Management (ABM) as “a discipline that focuses on the management of activities as the 

route to improving the value received by the customer and the profit achieved by 

providing this value”  [13].  It refers to the entire set of actions that can be taken, on a 

better-informed basis, with ABC cost information. [1] The actions are cost driver 

analysis, activity analysis and performance measurements.  

 

The goals of ABC can be achieved by managing the activities. The activity management 

can be divided into two categories: operational and strategic ABM. 

 

Operational ABM – doing the things right - encompasses the actions that increase 

efficiency, lower costs, and enhances asset utilization. Organizational ABM takes the 

demand for organizational activities as given and attempts to meet this demand with 

fewer organizational resources. In other words, it either attempts to increase capacity or 
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to lower the spending (basically to reduce the cost driver rates of activities), so that 

fewer physical, human, and working capital resources are required to generate the 

revenues [1]. The benefits can be measured by reduced costs, higher revenues, and cost 

avoidance. 

 

Strategic ABM – doing the right things – attempts to alter the demand for activities, as a 

way to increase profitability while assuming, as a first approximation, that activity 

efficiently remains constant. With strategic ABM, managers can take actions that shift 

the activity mix towards more profitably uses. Strategic ABM also encompasses 

decisions about product design, product development, and supplier relationships that 

reduce the demand for organizational activities. 

 

ABC, either operational or strategic, identifies opportunities for creating unused 

capacity. Operational ABC creates unused capacity by making existing processes more 

efficient and productive. Strategic ABM either generates more revenues from reprising 

actions or creates unused capacity by reducing the demand for high-cost activities.  To 

capitalize on any unused capacity created, managers must be prepared to either reduce 

spending on resources no longer needed or redeploy the unused capacity to more 

profitable uses. Thus ABM and capacity management are intimately intertwined. 

3.3 L imitations of ABC 

ABC also has its limitations. As with any other major organizational change, ABC also 

requires a change to the organizational structure. The set-up costs associated with the 

initial design of the ABC system can be considered high. They involve a considerable 

amount of management’s and finance department’s time. Often many of the problems 

and difficulties are related to managerial aspects rather than the technical aspects of the 

ABC system. 

 

Some overhead costs (like CFOs salary) are difficult to assign to some products or 

customers. These costs are termed “business sustaining”  and are not traceable to a 

specific cost object, because there is no meaningful method. These unallocated 
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overhead costs must nevertheless be met by contributions from each of the products, but 

it is not as large as the overhead costs before ABC is employed. 

 

Even though ABC may improve product-costing accuracy, there is no guarantee that its 

outputs represent the true product or service costs, as it does not eliminate the need for 

all apportionment and allocation [14]. There may be some costs that appear to still 

require an arbitrary allocation when first assigning them at the activity stage. Naturally 

not all activities can be directly linked to individual products and in some cases they 

need to allocated in a more traditional way, for example by simply dividing the total 

cost per year into the total labor hours per year, and allocate on a labor hours basis. 

 

A study [15] indicates also people may be against ABC. When one asks people what 

they spend their time doing, sometimes people become defensive. This is especially true 

when the ABC system is being implemented to an environment in which there has been 

layoffs or the threat of layoffs. White-collar workers in particular dislike the idea of 

tracking their activities, with or without the thread of layoffs. Another problem comes 

when people have to define which activities are value-adding and which are not. The 

definition can quickly become people’s issue because no one wants to be labeled as 

performing non-value-added activities [16]. For that reason attention must be paid to 

education and to focusing on activities, not the people who perform them. The best will 

be achieved when people are convinced that ABC will be used for purposes other than 

reducing headcount, such as allocating resources more efficiently or changing 

producing pricing strategies. 

3.4 Implementing Activity-Based Costing 

The matrix model is proposed by Narcyz Roztocki [11],[17], a professor in the State 

University of New York. Some more steps are added from the implementation model 

suggested by Clive Finkelstein [2] and finally the model is adapted to the needs of the 

case company by introducing a modern twist to doing the ABC with a real-time data. 

The basic idea in the model is to relate the expense categories to activities and activities 

to cost objects using matrices. Later in this study, the representation of matrix data will 

be converted to a database format, and linked to company’s other information systems. 
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Even though the implementation process in ABC is very straightforward, problems may 

occur. To overcome most common difficulties, the following ingredients for successful 

implementation can be identified [18],[19]: 

·  Commitment from top management. 

·  The team designing and implementing the system should be small and multi-

disciplinary. 

·  There should be on-going consultation with all the relevant managers in the 

organization. 

·  The system should be kept as simple as possible by limiting the number of cost 

pools and cost drivers. A pilot project can be introduced initially. 

Implementation can be done gradually. 

·  People in the organization must be educated and trained to understand the 

impact on the organization. 

 

In an early stage of the implementation process, these ingredients for successful 

implementation were discussed at the case company. The team designing the system 

was multi-disciplinary, and commitment from top management was ensured by asking 

the CFO of the company to attend the analysis and design process. Later in co-operation 

with employees from different departments, the team built an activity model. During the 

project and after it was finished, people were educated about the benefits of ABC. 

3.4.1 Getting the Expense Categor ies and Overhead Costs 

In most cases the expense categories can be found in the income statement or chart-of-

accounts of the company. In this implementation model cost accounts and account 

groups were used as expense categories. This resulted to total 500 lower-level items. 

However, the implementation model is not limited to one or two expense category 

dimension only as it in most cases rarely provides even close to a satisfactory solution. 

The framework allows the overhead costs to be presented basically in any way, for 

example based on company’s cost accounts, departments, or operational processes, as 

long as they can somehow be calculated. 
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The overhead costs were taken from general ledger’s voucher data. The voucher 

information in database however also had other costs than overhead so it was needed to 

do some filtering to the data. We noticed the easiest way to find proper overhead costs 

was to look for Operational Expenditures (OPEX). OPEX basically represent the on-

going costs for running a product, business, or a system. OPEX may also include the 

costs of workers and facility expenses such as rents and utilities. The overhead was 

simply determined by calculating the cost from all vouchers whose department was not 

production, and who did not belong to some predefined accounts (like taxes and some 

financial items). Taking the overhead costs is no by any means limited to general ledger 

only, they could be calculated for example in next year’s budget as well. 

3.4.2 Identifying Main Activities 

The main activities (which cause overhead expenses) were taken from company’s MES, 

formally called Modulight Database (MLDB). Originally the system had only 

manufacturing related activities (in terms of processes and sub-processes). Later also 

sales and marketing related activities were moved from CRM system to MLDB, the old 

commercial CRM was obsoleted, and replaced with a custom-made solution that relies 

to MLDB database model. Nowadays the whole system architecture is called MLDB. 

In a SME, generally the number of activities in a business may range from 10 to 200 

[16]. Currently MLDB has about 160 different activities (sub-process types). Having for 

example 150 activity cost drivers, and 500 products (one possible cost object) would 

require 75,000 data elements to be estimated (the quantity of each activity cost driver 

used by each product). Because of the large number of potential activity-to-product 

linkages, it is clear such calculations cannot be done manually. The number of main 

activities identified is determined by the level of accuracy and reliability desired. The 

system hosts currently about 260,000 activity items, of which about 6000 are customer 

interaction –type of activities. The rest are mostly related to manufacturing activities. 

This generally gives a very detailed data for further ABC analysis.  

It is also important to notice that product driven and customer driven activities must be 

separated in order to establish two individual homogenous activities. In this study the 
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activities are separated by upper level process and its dependence on lower level sub-

process (activity). For example an activity Telephone call can belong to process 

Customer engagement and Product delivery. 

It is also essential to understand that due to highly automated nature of the system 

proper managing and grouping of activities can be assumed to significantly improve 

accuracy, but yet to provide a manageable management accounting platform. 

3.4.3 Identifying Cost Dr ivers 

Having activities and expense categories identified, a total cost of each activity can be 

calculated. An activity includes cost from various expense categories such as Materials, 

Rents and Depreciation. To properly trace the expenses to each activity, first stage cost 

drivers have to be identified for each expense category. The cost drivers (sometimes 

called as performance measurements) determine how the various activities contribute to 

the total cost of the cost objects [16],[20]. For example an expense category 

Administration associated with the activity Phone call may be driven by the amount of 

the calls, whereas, the expense category Maintenance may be driven by the amount of 

time the employee spends on this activity. The selection of the cost drivers is the most 

important aspect of analyzing the activities and their costs. Greene and Flentov [21] 

suggest certain guidelines for selecting the cost drivers: 

1. Cost drivers should assists in monitoring the progress of controlling activity 

costs. These include throughput time, and the number of engineering changes 

and production schedule changes. 

2. Cost drivers should be reviewed periodically. 

3. Everyone should be able to understand the cost drivers. 

4. The cost drivers relevant for one individual or group should not be too many. 

5. Daily operations should be managed on the basis of these key measures. 

6. The evaluation of employees should be linked to the cost drivers selected. 

7. The selection of cost drivers is a critical process. 

 

In the second stage, activities are traced to cost objects using second stage cost drivers. 

As with first stage cost drivers, data needed for second stage cost drivers may not be 
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readily available to represent the proportion of cost pools that correspond to the 

products. In the absence of actual data there becomes a need to estimate the amount of 

activity cost consumed by each product. It is important to select the cost driver for an 

activity to reflect the underlying nature of the activity [20]. High accuracy in allocating 

overhead costs often requires a high number of activities [22]. On the other hand, a 

small number of cost drivers are desirable to achieve acceptable information cost and to 

make the ABC system easier for management to understand. 

In the case company’s data structure two commonly used second stage cost drivers were 

easy to identify: 

1. The number of activities done in a specified time period 

2. The time spent doing the activities 

The more automated cost drivers the company can define and use, the easier it becomes 

to make the system more automated and user-friendly. Theoretically it would be 

possible to use different statistical functions as a cost driver, for example by calculating 

the median cycle time spent for some process chain. This would allow managers to 

better determine the amount of resources consumed by each activity.  

The period over which the activity quantities are determined, should be long enough to 

capture a sufficient number of the performances of the activity to average out the 

fluctuations. Activities that are performed in high volume each day, and where spending 

fluctuations are easily controlled for, could be candidates for daily reporting and 

frequent updating. The costs of activities, like maintenance, that are performed 

infrequently, may not be updated for a year or even longer. 

 

If for example the system reports that yesterday the organization’s expenses for the 

resources that handle quotations was 5000�  and the number of quotations handled 

yesterday was 150. Therefore the cost driver rate of 33.33�  could be applied to each 

quotation made yesterday. If today’s expenses for the resources turned out to be 6000�  

and the quantity of quotations handled were 130, the cost driver date applied to today’s 

quotations would be 46.15� . It is real-time and objective information, but calculated in a 

wrong way.  
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3.4.4 Expense-Activity-Dependence (EAD) Matr ix 

The EAD matrix relates expenses to activities. In principle, the activities that contribute 

to each expense are identified and the EAD matrix is created. The expense categories 

represent the columns of the EAD matrix, whereas the activities represent the rows. Of 

course not every activity (i) can contribute to every expense category (j), that is why 

check marks for corresponding cell (i,j) are being used (see Table A1.1 in Appendix 1). 

Each activity consumes a proportion of an expense category (see Table A1.2). 

Similarly, in the second stage allocation, each cost object consumes a portion of an 

activity (see Tables A1.4 and A1.5). For instance, the activity quote preparation may 

consume 10% of administration expenses. The proportions can be obtained either 

manually or automatically, and the selected procedure will later impact the desired 

accuracy. The most accurate (and usually most costly) procedure for computing 

proportions is the collection of real data. If the data collection procedure has not been 

developed, it will take some time before the developed system will pay itself back. The 

case company has been systematically collecting this kind of data for several years and 

it is used to compute the proportions. 

In the database implementation only the relation between activities that contribute to 

expense categories is written to a database table. A proportion, which is estimated either 

manually or automatically, replaces the check marks. Each column of the EAD matrix 

must add up to 1.  
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3.4.5 Obtaining Euro Values for  Activities 

To obtain euro values of each activity, the following equation (1) is applied: 

�
=

=
M

j

jiEADjExpenseiTCA
1

),(*)()(  (1) 

Where 
TCA(i) Total cost1 of activity i 
M Number of expense categories 
Expense(j) Euro value of expense category j 
EAD(i,j) Entry i, j of EAD matrix 

 

In the application every entry (i,j) of the EAD matrix is replaced with the resulting euro 

value by multiplying the cost of the expense category j and the ratio (i,j). The new 

matrix gives the euro resource consumption of each activity. The total cost for each 

activity can be obtained by adding each row (see table A1.3). 

 

The activity cost is the cost of performing the activity once. Activity cost per unit can be 

calculated by dividing the activity costs by units. 

3.4.6 Activity-Cost Object-Dependence (ACOD) Matr ix 

The activities consumed by each cost object are identified and the ACOD matrix, as 

presented in A1.4, is created. The activities represent the columns of the ACOD matrix, 

whereas the cost object represents the rows. If the cost object (i) consumes the activity 

(j), a check mark is placed on the corresponding cell (i,j). The ACOD matrix traces 

activity costs to each cost object item once the total cost of each activity has been 

determined. 

Again an estimated proportion (see A1.5) replaces each cell that contains a check mark. 

Each column of the ACOD matrix must sum up to 1, implying that the entire expense 

category is spread across the activities. 

                                                 
1 The cost can be also revenue or other type of element from accounting. Applications having revenue, 
liabilities and assets type entries are not part of this thesis but are fully supported by the system 
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The implementation model allows one to use any number of ACOD matrices within the 

same model. In practice it is possible to use the same EAD matrix and create own 

ACOD matrix for each relevant code part respectively. 

3.4.7 Obtaining Euro Values of Cost Objects 

To obtain the euro values of each cost object the following equation (2) is applied: 

�
=

=
N

j
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1

),(*)()(  (2) 

Where 
OCCO(i) Overhead cost of cost object i 
N Number of activities 
TCA(j) Euro value of activity j 
ACOD(i,j) Entry i,j of ACOD matrix 

 

In similar way than obtaining euro values for activities, every entry (i,j) of the ACOD 

matrix is replaced with the resulting euro value by multiplying the cost of the activity j 

and the ratio (i,j). The resulting matrix (see Table A1.6) gives the total overhead costs 

for each cost object item as well as their origin. 

 

In final calculation, the total cost of a product equals the cost of the raw materials plus 

the sum of the cost of all value-adding activities to produce it [19]. 

3.5 Analyzing Activity Costs 

In cost analysis, the emphasis is to decide which activities add value, which activities 

incur costs, and what drives the highest cost. From this, an analysis can be done to 

determine what will streamline, improve, delete, or automate the cost driver. Part of the 

rationale for identifying cost drivers is to consider elimination or changes in activities.  

[2] The chapter 7 in this thesis focuses on findings and implications to operations 

management. 
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3.6 Traditional Costing vs. Activity-Based Costing 

This example [23] demonstrates the differences between traditional costing and ABC. 

Assume that the company produces two products, Product A and Product B (see Table 

4). 

 

Product A is being manufactured 200 units a month whereas product B ten times as 

many, 2000 units a month. The monthly direct labor costs are a bit higher for product B. 

The material consumption and its costs are naturally higher for product B. 

 

Table 4. The products being manufactured 

 Product A Product B 

Volume / month 200 units 2000 units 

Direct Labor / month � 5000 � 6000 

Direct Materials / month � 9000 � 80,000 

 

Monthly overhead to be allocated is: 

Engineering: � 50,000 

Purchasing: � 10,000 

Setup: � 20,000 

Total: � 80,000 

 

Later it is noticed how the different costing system allocate the overhead differently. 

3.6.1 Standard Costing System – A Volume Basis 

The overhead will be allocated on a volume basis by computing the unit cost of each 

product if overhead is allocated solely on the basis of volume. The total overhead to be 

allocated is � 80,000 and the total volume 2200 units. Table 5 represents the 

calculations. 

 

Product A (volume 200) overhead allocation = 7273~000,80 *
2200
200

=  
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Product B (volume 2000) overhead allocation = 727,72~000,80 *
2200
2000

=  

 

Table 5. Total product costs calculated in a volume basis  

 Product A Product B 

Direct Labor � 5000 � 6000 

Direct Materials � 9000 � 80,000 

Overhead � 7273 � 72,727 

Total Costs � 21,273 � 158,727 

Cost per unit 
37.106�

200
273,21

=  36.79�
2000

727,158
=  

 

3.6.2 Standard Costing System – A Direct Labor  Basis 

The overhead will be allocated on a direct labor basis by computing the unit cost of each 

product if overhead is allocated solely on the basis of direct labor cost. Total overhead 

to be allocated is � 80,000 and the total direct labor � 11,000. Table 6 represents the 

calculations. 

 

Product A (direct labor � 5000) overhead allocation = 364,36~000,80 *
000,11

500
=  

Product B (direct labor � 6000) overhead allocation = 636,43~000,80 *
000,11

6000
=  

 

Table 6. Total product costs calculated in a direct labor basis 

 Product A Product B 

Direct Labor � 5000 � 6000 

Direct Materials � 9000 � 80,000 

Overhead � 36,364 � 43,636 

Total Costs � 50,364 � 129,636 

Cost per unit 
82.251�

200
364,50

=  82.64�
2000

636,129
=  
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3.6.3 The ABC Costing System 

The unit cost of each product will be computed based on the following: 

Engineering resources spent on Product A: � 45,000 

Engineering resources spent on Product B: � 5000 

  

Purchasing resources spent on Product A: � 7000 

Purchasing resources spent on Product B: � 3000 

  

Setup resources spent on Product A: � 15,000 

Setup resources spent on Product B: � 5000 

 

The Table 7 represents the overhead cost allocations for product A and B. It is based on 

the data presented above. Total product overhead is a sum of the overhead for each 

product. 

 

Table 7. Overhead costs for the product A and B 

 Overhead for  Product A Overhead for  Product B 

Engineering � 45,000 � 5,000 

Purchasing � 7,000 � 3,000 

Setup � 15,000 � 5,000 

Total O/H � 67,000 � 13,000 

 

The total product costs are calculated in Table 8 below. The total cost is calculated 

simply by adding together direct labor, direct materials and overhead costs. Later the 

cost per unit is calculated by dividing the total costs by the monthly product volume. 

 

 

 

 

 

 

 



32 

Table 8. Total product costs calculated in ABC way 

 Product A Product B 

Direct Labor � 5000 � 6000 

Direct Materials � 9000 � 80,000 

Overhead � 67,000 � 13,000 

Total Costs � 81,000 � 99,000 

Cost per unit 
00.405�

200
000,81

=  50.49�
2000

000,99
=  

 

3.6.4 Conclusion of the Differences Between the Models 

Traditional cost accounting systems assume that the allocation of indirect resource costs 

should be proportional to the volume or direct labor that are produced. As seen in the 

table 9, the traditional costing is most revealing when low-volume products are complex 

and consume a large portion of indirect expenses. When the traditional cost accounting 

method is used, a portion of indirect costs is allocated to products in accordance with 

the number of procedures performed. 

 

Traditional costing assigns only manufacturing costs to the products. It also adds all 

manufacturing costs to each of the products, which leads to cost distortions. ABC, on 

the other hand, assigns both the manufacturing and non-manufacturing costs to 

products. It also makes a difference between adding all manufacturing costs to products; 

a cost is only added to product if the product is causing cost in the activity. 

 

Table 9. Differences between the models 

 Product A Product B 

Volume �  106.37 �  79.36 

Direct Labor �  251.82 �  64.82 

ABC �  405.00 �  49.50 
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The RTAC model proposed in this thesis is based on traditional ABC, but differs from it 

by: 

1. Pricing the activities based on true current cost 

2. Providing higher accuracy by automated activity costing and cost drivers 

3. Making system management more easier 

 

The RTAC approach also paves the way for what could be called True Direct Costing, 

which allocates costs in real-time to the products.  

3.7 Inter face Between ABC and Databases 

Usually the non-financial and operational information required for ABC analysis is 

scattered to many different databases in different locations. This creates big challenges 

for the integration and implementation. The general ledger in accounting system 

provides only financial data, which is the smallest portion of the total data requirements 

to do ABC. Nevertheless, accessing the finance data is usually easy if it is properly 

structured by the ERP’s Finance system (or equivalent). 

 

The majority of the data is operational or non-financial, such as machine hours, product 

configuration, number of production steps, number of invoices created, number or 

orders shipped etc. The vast majority of ABC information comes from operational 

databases and involves data management routines that are not suited to a general ledger. 

ABC output arises of integration of financial, non-financial and operational sources, as 

the interest is in the cost of activities through drivers for actual operations and budgets. 

Sources of data range from the relatively simple financial, non-financial, technical, and 

quality-related information to the complex activity lists, cost driver measures, and 

specific customized parameters [24]. Data accuracy is necessary for ABC to reflect 

actual operations. 

 

The technologies behind databases today concentrate on the user rather than the 

technology. It is easy for users to perform ad hoc or routine queries by working 

interactively with the data. Complex calculations can be done with the data, and the 

business activities and operations can be analyzed from multiple perspectives. The 
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capability of database system is rarely the question of failure; rather, the project 

managers have more practical considerations [24]: 

 

1. Economics of data collection, update, and simulation 

2. Reporting, including reconciliation and exception reporting 

3. Modifying the parameters to define the nature of reporting 

4. Ad hoc viewing, queries, and analysis 

5. Analyzing to greater detail 

6. Identifying avenues for profitable growth 

 

ABC requires a detailed analysis of operations and activities to establish their 

relationship with the stated objectives. The data has to incorporate both quantitative and 

qualitative factors concerning operations and activities. Qualitative data, such as cost 

driver volumes, often can be found from existing systems. The primary data that must 

be captured requires a database structure that allows access to detailed information in a 

highly flexible format. The problem occurs when this information must be converted to 

a form that the cost model can use. The driver data is often available somewhere in the 

database, and a cost/benefit analysis of obtaining that data would often compel the 

company to opt for a surrogate driver. In principle, the ability to communicate with 

legacy systems and extract data is a basic requirement. 

 

Implementing ABC model is relatively straightforward for an organization that is 

already using a database with fairly stable links between the different databases. When 

the system implemented in a decent way, all activities, processes and cost drivers can 

already been found from an existing system. ERP’s finance module (or equivalent) can 

be used to dispatch cost allocations for the activities. Later these costs are reallocated to 

cost objects that already exist in one way or another on same dimension of the database 

system. Tracing relevant expenses to specific activities is easily accomplished with a 

mature cost center coding structure. 
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3.8 Integrated Cost Management and Financial Repor ting 

Typically integration can be accomplished with ERP systems that integrate and 

coordinate all the major business functions from purchasing and manufacturing to 

financial accounting. The ERP has a common data structure and a centralized data 

warehouse that permits data to be entered and accessed from anywhere in the world. 

With ERP systems delivering on-line, real-time information about all aspects of a 

company’s operations, managers can envision receiving continuous information about 

the cost and profitability of their operations. 

 

Managers naturally would like to incorporate their stand-alone ABC systems into such 

ERP systems where they can support cost-based decision-making across a wide range of 

organizational activities. They also want the ABC systems to be prospective; to provide 

information about future operations, not just to report on the cost and profitability of 

past operations.  

 

An integrated system, particularly one installed on an e-Commerce platform, will give 

companies the capability to access daily expenses for activities and processes, and daily 

quantities of activity cost drivers. In principle, rather than waiting a month to get a 

report on actual cost driver rates and overhead costs, an integrated system could 

calculate daily actual activity cost driver rates, providing even faster feedback to 

employees for their learning and improvement activities. 
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4. SERVER-SIDE PROGRAMMING 

4.1 Client-server  Architecture 

The Internet or World Wide Web (WWW) architecture provides a very flexible and 

powerful programming model for services. Data transmitted over the WWW is in a 

standardized format. A Web-browser is the application used to browse the WWW 

content. It is networked application, which sends request to a server and the server 

responds by sending data back to the Web-browser. Figure 3 describes the functionality 

of the WWW model. 

 

 

Figure 3. The World Wide Web model [25] 

 

Client-server is a computational architecture that involves client processes requesting 

service from server processes. 

 

Client programs usually manage the user-interface portion of the application, validate 

data entered by the user and dispatch requests to server programs. The client-based 

process is the front-end of the application that the user sees and interacts with. The 

client process contains provides the interface between the user and the rest of the 

application system. The client process also manages the local resources that the user 

interacts with such as the monitor, keyboard, workstation Central Processing Unit 

(CPU) and peripherals. One of the key elements of a client workstation is the GUI [26]. 

 

Server programs generally receive request from client programs, execute database 

retrieval and updates, manage data integrity and dispatch responses to client requests. 

The server-based process may run on another machine on the network. In some cases, 
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another desktop machine provides the application services. The server process acts as a 

software engine that manages shared resources such as databases and printers [27]. 

4.2 Server-side Scr ipting 

Server-side scripting is a web server technology in which a user’s request is fulfilled by 

a running a script directly on the web server to generate dynamic Hypertext Markup 

Language (HTML) pages. Server-side scripting usually interface to databases or other 

data stores. In client-side scripting, the scripts are run by a viewing web browser, 

usually in JavaScript. The primary advantage to server-side scripting is the ability to 

highly customize the response based on the user’s requirements, access rights, or 

queries into data stores.  

 

Asynchronous JavaScript and XML (AJAX) is a technology that combines the old 

techniques (server and client side scripting) together. It allows the developers to create 

web-applications without reloading or refreshing the page on user interaction. The data 

is read from the server or sent to the server by a JavaScript request.  

 

4.3 Three-tier  Applications 

The three-tier model breaks the components of the application into three categories. The 

best example of a three-tier application is a web application. Figure 4 shows a web 

application that runs in a browser and contacts with a web server and a database server 

to interact with the user. The first tier – the presentation layer – is the browser, which 

interacts with the user through HTML documents. A web page may be interactive: user 

can enter information and submit it to the server. 

 

All requests are channeled by the browser to the web server. The technology used in 

this thesis runs on Microsoft’s Internet Information Server (IIS). The web server’s role 

is to generate HTML documents and send them to the client. If the web server needs to 

access a database, it must contact a Database Management System (DBMS) through an 

ActiveX component. The programs on the web server are Active Server Pages (ASPs), 

written in VBScript. The DBMS is the data layer of the application.  
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4.4 Data Access 

ActiveX Data Objects (ADO) is a universal way to retrieve and change data from many 

diverse sources [28]. The sources are not limited to traditional databases, but can 

include file systems, e-mail stores, and even data on the Internet. 

 

Open Database Connectivity (ODBC) is a low-level interface to data sources. It 

communicates directly with the drivers, which makes it very fast. However, it is 

relatively complex and limited to work with relational databases only. The ODBC 

architecture consists of four components [28]: (i) the Application Programming 

Interface (API), (ii) the driver manager, (iii) the driver, (iv) and the data source. Figure 

4 illustrates the architecture and how does the components interact. 

 

 

Figure 4. ODBC architecture [28] 

 

The goal of ODBC is to make it possible to access any data from any application, 

regardless of which database management system is handling the data. ODBC manages 

this by inserting a middle layer, called a database driver, between an application and the 

database management system (DBMS). The purpose of this layer is to translate the 
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application©s data queries into commands that the DBMS understands. For this to work, 

both the DBMS and the application must be ODBC-compliant - that is, the application 

must be capable of issuing ODBC commands and the DBMS must be capable of 

responding to them. [30], [31] 

 

Accessing databases can be done in many other ways than ODBC, too. Figure 5 

illustrates how application can access various databases. The most efficient method is to 

get there directly by using OLE DB. This also happens to be the most difficult route. 

Another and most efficient method is to go through ADO, which makes the OLE DB 

layer transparent to the application, the database can also be accessed through ODBC as 

discussed before.  

 

 

Figure 5. How client applications communicate with databases [28] 

 

OLD DB and ADO are the key components in Microsoft’s Universal Data Access 

(UDA) strategy. The idea is to have a collection of technologies to provide access to 

data, regardless of its format or where it resides.  Figure 6 shows the architecture of 

UDA and how all the pieces work together. 
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Figure 6. Universal Data Access architecture [28] 

 

OLD DB defines a set of COM interfaces that encapsulate data access services. ADO is 

the high-level object model what exposes data provided by OLD DB to applications. 

OLD DB is a system-level programming interface to data. It builds on the concept 

behind ODBC. Whereas ODBC is designed to access SQL data, OLE DB accesses data 

in relational and non-relational sources. 

4.5 ActiveX Database Objects (ADO) 

Microsoft Component Object Model (COM) components expose their functionality 

through objects with methods, properties and events [28]. Basically COM enables 

different software components to communicate. ADO works in the same way. Figure 7 

describes ADO object hierarchy. It is fair easy to use, for example Recordset object can 

be created with ADO directly without a massive preparatory work. 
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Figure 7. ADO object hierarchy [28] 

 

In addition to the objects shown in Figure 7, the Connection, Command, Parameter, 

Recordset, Record, and Field objects each have a Properties collection of Property 

objects. This enables one’s code to easily enumerate the properties of these objects. 

Objects shown in Figure 7 with multiple boxes are called collections. For example, the 

Command object contains a Parameters collection containing individual Parameter 

objects. 

 

Connection object represents an open connection to an OLE DB data source. 

Connection object can be created and used it to create other objects further down the 

ADO object hierarchy. However, if only a single Recordset object is needed from a 

particular connection, it is more efficient to just create the Recordset directly and it will 

create a Connection object implicitly. Explicit Connection objects should be reserved 

for situations where one needs to perform multiple, diverse operations on the 

connection. [28] A connection to database can be done as follows: 

 

Pr ovi der =val ue;  Fi l e Name=val ue;  
Remot e Pr ovi der =val ue;  
Remot e Ser ver =val ue;  URL=val ue;   
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Command object can be understood as a single instruction to the data source to produce 

data. Depending on the back end, it can be a Structured Query Language (SQL) query, a 

stored procedure, or something else entirely. Command objects have two major uses 

[28]: 

1. To execute statements against OLE DB connection 

2. To retrieve a recordset based on a SQL statement, or a stored procedure 

 

A Recordset object represents a set of records retrieved from a data provider. The object 

allows one to directly retrieve data. ADO, on the other hand, allows one to open a 

Recordset object directly, or to create one from a Connection or Command object. ADO 

Recordset objects support four types of cursors (Table 10). A cursor is a set of records 

in memory. It is very important to pay attention when selecting a right cursor type, 

because different types of cursors behave differently. If a wrong cursor type is chosen, 

problems will not surface immediately. Problems like server overload will appear only 

after the database has grown quite large, and by then the problem will be far more 

difficult to fix, or even impossible to identify the root cause. 

 

Table 10. ADO Recordset object cursor types [28] 

Name Descr iption 

Dynamic Lets one see changes to the data made by other users. 
Keyset Dynamic, but does not let one see records added or deleted by 

other users. 
Static Provides a frozen copy of the data at the time the recordset was 

opened. Additions, changes, and deletions by other users have 
no impact on the recordset, because it is never refreshed after it 
is created. 

Forward-only Static cursor that only allows one to move forward through the 
recordset. Offers the fastest performance of any of the cursor 
types, but at the expense of flexibility. 

 

When Recordsets are used, the cursor type parameter specified the desired behavior of 

the RecordSet object. 
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To open a Recordset, the Open method of the RecordSet object is called: 

Recor dset . Open Sour ce,  Act i veConnect i on,  Cur sor Type,  _ 
LockType,  Opt i ons  

 

All the arguments are optional, because they can all be supplied by setting properties of 

the Recordset object before calling the Open method. Data providers are also very 

flexible so the source argument (specifies where the records should be retrieved from) 

has many possibilities. It can be for example [28]: 

·  A Command object that returns records 

·  A SQL Statement 

·  A table name 

·  A stored procedure name 

·  The name of a Stream object containing a persisted recordset 

·  A URL that specifies a file or other location with data 

 

A Parameter object represents a single parameter for a Command object. It can for 

example be a runtime parameter in a SQL query or an input or output parameter in a 

stored procedure. In general, parameters are used with any type of parameterized 

commands, where an action us defined once, but can have its results changed depending 

on the values set for variables. 

 

A Field object represents a single column of data in a recordset. Once a recordset has 

been retrieved, one usually works with the Fields collection to read the data in the 

recorset. The basic idea of a Field object is to retrieve and update information stored in 

the original data source. In order to update field’s value, one must be sure that the 

recordset is opened in some mode that allows writing. The following three lines produce 

an identical result: 

 

Recor dset . Fi el ds( 0) . Val ue 
Recor dset ( 0) . Val ue 
Recor dset ( 0)  
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The Record object is a dual-purpose object. It can represent a row in a recordset, but it 

can also represent a file or folder in a file system. The Record, Stream, and Recordset 

objects work together in order to navigate through hierarchical storage. 

 

The Stream object represents binary data. Most often a Stream object is opened to 

retrieve data associated with a Record object. 

 

An Error object represents a single error. Since one data access operation can generate 

multiple errors, Error objects are contained in an Error collection. If the last operation 

succeeded, this collection will be empty. 

 

The Property object is the building block of the other ADO objects. Properties are used 

to describe other objects. 

4.6 VBScr ipt 

VBScript is a short for Visual Basic Scripting Edition, a scripting language developed 

by Microsoft. VBScript is based on the Visual Basic programming language, but is 

much simpler. In many ways, it is similar to JavaScript. When VBScript was developed, 

it was used to program web pages and activate the client. Later Microsoft moved 

VBScript from the client to the server. Today, VBScript is used as a general scripting 

language by applications such as Outlook. The great benefit of the language is its 

simplicity. In addition to support for VBScript, Microsoft designed several components 

for handling client requests on the web server. These components, along with server-

side VBScript, are known as Active Server Pages (ASP).  

4.7 Active Server  Pages (ASP) 

Microsoft Active Server Pages (ASP) is a server-side scripting environment that can be 

used for creating and running dynamically generated web pages. An ASP is a script on 

the server that corresponds to an HTML page. Further to regular HTML syntax, ASP 

documents are interspersed with VBScript statements. With ASP it is possible to 

combine HTML pages, script commands and COM components to create interactive 
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web pages or powerful web-based applications, which are easy to develop and modify 

(Mills, 2001; Microsoft Developer Network, 2006; Wikipedia, 2006). An HTML 

document can contain any number of VBScript statements, anywhere. They are 

enclosed in a pair of <% and %> tags. Everything that appears between these two tags is 

treated as VBScript code and executed on the server. The output it produces replaces the 

original VBScript code. Example of dynamic table written in ASP can be found below. 

It generates as many table rows as the Recordset object has records and fields in it. 

 

<TABLE> 
<% Whi l e NOT r sRecor dset . EOF %> 
  <TR> 
      <TD><%=r sRecor dset . Fi el ds( “ Cust omer I D” ) . Val ue%></ TD> 
      <TD><%=r sRecor dset . Fi el ds( “ Cust omer Name” ) . Val ue%></ TD> 
  </ TR> 
  <% r sRecor dset . MoveNext ( )  %> 
<% WEnd %> 
</ TABLE> 

 

ASP was designed to simplify the development of web server applications. Therefore, 

ASP should provide the following functionality (Mills, 2001): 

·  Prepare output to be downloaded to the client. 

·  Accept the parameter values submitted to the server by the client. 

·  Access other components on the server. VBScript is the core of a programming 

language. On its own, it can do very little. 

·  Maintain information about each client on the server via server-side scripts. 

·  Maintain information about the state of the current website, such as the number 

of hits it has taken. 

 

The latest version of ASP is Microsoft’s ASP.NET technology, which is a part of .NET 

framework. Comparing to ASP, ASP.NET has better language support, a large set of 

new controls and XML based components. It also has a better user authentication. This 

thesis, however, was implemented in ASP as the author has many years experience of 

its syntax and usage. 
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4.7.1 ASP Object Model 

The ASP object model has seven objects [32]: Application, Session, Request, Response, 

Server, ASPError and ObjectContext.  

 

The Application object gives a possibility to deliver information for each customer 

using the application. Setting the variables and other objects to work in Application 

level gives same values for each concurrent user. Application object is created when 

user requests any possible ASP-file in the application. [32] The core purpose is to store 

values that can be shared among the clients. This is especially useful in intranet 

environments, in which the users of the ASP application have a common goal. 

Application object could be for example used to build a simple visitor counter, by to 

keep track of a variable as follows: 

 

<% 
    Appl i cat i on. Lock 
    Appl i cat i on( “ Vi s i t or s” )  = Appl i cat i on( “ Vi s i t or s” )  + 1 
    Appl i cat i on. Unl ock 
%> 

 

The Session object represents an ASP session. Each time a new user connects to the site 

by opening its main page, a new Session object is created, for that viewer. The main 

purpose of the Session object is to save information that is specific for the viewer. The 

following statement stores a variable in the Session object: 

 

<% 
    Sessi on( “ User I D” )  = 1234 
%> 

 

The variable will live for the duration of the current session and will automatically be 

released when the session ends. The next time the same user connects to the same site, a 

new Session object will be created and the previous statement must be executed again. 

 

Session object is also used to store information one wants to share among the 

application pages. HTTP is a stateless protocol, and maintaining state between the pages 
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of the application is something one cannot take for granted. Session object can be used 

to save global variables. 

 

The Request object is used to handle data from a HTTP request. Basically Request 

object retrieves the values (query parameters) that the client passes to the server during 

a HTTP request. It is also used to retrieve server variables and the values of the cookies 

stored on the client computer through Response object. HTTP request is transferred 

between client and server using either GET or POST method. Parameters can also be 

passed to web server by creating a URL from within a client script. Request in GET 

type is transferred as a parameter in the URL where in POST method the data is located 

in HTTP request content. (Peltomäki, 2002; Mills, 2001) 

 

The purpose of the Response object is to send output to the client. In a way Response 

object works in opposite to Request object. All the information sent to the customer 

must be submitted through the Response object’s Write method. Cookie values can also 

be sent to the client with the Cookies collection of the Response object. The syntax is: 

Response. Cooki es( cooki e) ( key) . at t r i but e = val ue 

 
‘  an exampl e bel ow 
Response. Cooki es( “ Ser ver Name” )  = “ www. ser ver name. com”  

 

The Write method writes a string to the current HTTP output. Its syntax is: 

<% Response. Wr i t e “ Hel l o wor l d! ”  %> 

 

It is used to create any output one want to send to the client. The following statement 

will cause the value of the Address field of the current row of the Recordset object to be 

sent to the client: 

<% Response. Wr i t e RS. Fi el ds( “ Addr ess” ) . Val ue %> 

 

The Server object provides access to methods and properties on the server. The most 

important method is CreateObject, which creates an instance of a server component.  

Once a server component is being created, its methods and properties can be called from 
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within a server-side script. A typical server component that can be called within a script 

is the ADO component, which can be used to access databases on the server. 

 

The ObjectContext object gives a possibility to either commit or abort a transaction that 

has been initiated by a script in an ASP page. The transaction is not finished until the 

transaction either succeeds or fails. This is very handy when coding ASP pages. If for 

some reason the script fails, also transactions to database will be rolled back. Finally no 

transactions will be made to the database. 

 

The ASPError object is used to display detailed information of any error that occurs in 

scripts in an ASP page. The ASPError object exposes read-only properties and the error 

information can be accessed by using a Server.GetLastError -method. 

4.7.2 Accessing Databases with ASP 

The most important applications that are built with ASP are of course those that extract 

information from database on the server, format them with HTML tags, and return them 

as new HTML pages to the client.  

 

Accessing databases with ASP is fair simple. ADO uses the ODBC drivers and can 

access all databases supported by ODBC. In this thesis it was required to access 

Microsoft SQL Server by using either predefined Data Source Name (DSN), or by 

specifying the connection string in the script. In most cases the connection was done 

with the latter method. To use ADO object, one needs to create an object variable with 

the CreateObject method, whose syntax is: 

 

<% 
Set  connDb = Ser ver . Cr eat eObj ect ( “ ADODB. Connect i on” )  
%> 

 

The connDb object variable is the gateway to the ODBC databases installed on the 

server. To actually open a database, the Open method of the connDb can be called as 

demonstrated below: 
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<% 
connDb. Connect i onTi meOut  = 600 
connDb. Open " Dr i ver ={ SQL Ser ver } ; "  & _ 
            " Ser ver =10. 0. 0. 1; "  & _ 
            " Addr ess=10. 0. 0. 1, 1433; "  & _ 
            " Net wor k=DBMSSOCN; "  & _ 
            " Dat abase=ABCDat abase; "  & _ 
       " Ui d=User name; "  & _ 
            " Pwd=Passwor d"  
%> 

 

After connecting the database, one can use the Execute method of the connDb object to 

execute SQL commands and retrieve records from the database represented by the 

connection string. The Recordset object can be created as follows: 

 

<% 
SQL_Sent ence = “ SELECT *  FROM t ABC_Pr oj ect ”  
Set  r sABCPr oj ect  = connDb. Execut e ( SQL_Sent ence)  
%> 

 

After the object has been created, the Recordset object rsABCProject has been filled 

with data from tABC_Project –table. Its contents can be printed on the screen by 

looping through the Recordset. 

<% 
Whi l e NOT r sABCPr oj ect . EOF 
  Response. Wr i t e r sABCPr oj ect ( “ Name” ) . Val ue & “ <br >”  
  r sABCPr oj ect . MoveNext ( )  
WEnd 
%> 

 

In the end of the ASP page it is needed to close all RecordSets and Connection objects 

by using the close method. It also closes all active objects associated with the 

connection or recordset. 

4.7.3 Secur ity 

Typically applications made with ASP concentrates on presenting information. ASP 

technology, however, gives possibilities for doing many different system management 

functions and performing tasks that are related to WWW server. These are for example 
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file handling. ASP applications should always be planned well and tested continuously. 

Further, if the application itself is coded and planned well, the security in the web server 

may cause problems [32]. 

 

The content in the ASP files is secured. A user sees only HTML pages and the ASP 

code is performed on the server side and it is not visible for the client.  However, due to 

server misconfigurations, in some cases the user may be able to see the ASP code as 

well. IIS 3 had such a bug, but luckily it has been fixed now. Seeing the ASP code 

would be extremely dangerous in cases where username and password are stored on the 

page within the information of database’s IP-address, and other required parameters. To 

prevent it happening, it is possible to encode ASP pages by using Microsoft’s Script 

Encoder (SCRENC). The script is encoded so that web hosts or web clients cannot view 

or modify the source. As the ASP code becomes encoded, the tool is also very handy if 

people want to share or sell their source code. 

 

In addition, there are numerous of ways securing the application [32]: 

·  Using firewall or other software in the server 

·  Encoding the ASP source code 

·  Disabling anonymous access to the application 

·  Using different authentication methods 

·  Protecting the application folders 

·  Changing the service ports to another 

·  Restricting the IP-address space 

·  Using certificates 

 

All in all, it is necessary to take care of proper user authentication methods in the server 

side, do not let the application to write in the root folder where the executed files are, 

and consider using the small ideas proposed before. 
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4.8 Cascading Style Sheets (CSS) 

Cascading Style Sheets (CSS) is a style sheet language to describe the presentation of a 

document. Most commonly it is used together with WWW-pages, but it can be applied 

to any kind of Extensible Markup Language (XML) document. Its primary purpose is to 

separate document content over presentation. The separation provides more flexibility 

and control as the same style sheet file can be applied to several pages. In addition, CSS 

also allows the same markup page to be presented in different styles for different 

rendering methods, such as screen, print, or handheld devices. 

 

In this study CSS was used to control the layout and look of the ABC tool. The same 

CSS file is attached to each one of the application pages. Thus the look and feel of the 

application can be easily changed. The application uses division (DIV)-tags to represent 

different parts of the GUI. The position of the DIV-tags is controlled over CSS so the 

application layout is also possible to modify easily. 

 

The following CSS code is used to specify, how the class inputButton look like in the 

ABC application. It defines the height of the object, its border, background color, and a 

font to be used. 

. i nput But t on {    
  hei ght :  18px;  
  bor der :  sol i d bl ack 1px;  
  backgr ound- col or :  #FFF;  
  f ont - s i ze:  11px;  
  f ont - f ami l y:  Ar i al ,  Hel vet i ca,  sans- ser i f  
}   
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4.9 Relational Databases 

4.9.1 Relational Algebra 

Relational databases are based on the mathematical theory of sets, which represent the 

collections of abstract objects. A database table consists of a set of rows and it is 

possible to use various operations to these sets. Relational algebras received a little 

attention until the publication of E.F Codd’s relational model of data in 1970 [31]. Codd 

proposed such algebra as a basis of database query languages. 

Each operator of a relational algebra has a counterpart in predicate calculus. For 

example, the natural join is a counterpart of logical AND. If relations R and S represent 

the extensions of predicates p1 and p2, respectively, then the natural join of R and S is a 

relation representing the extension of the predicate p1 p2. [31] 

The exact set of operations may differ per definition and also depends on whether the 

unlabeled relational model (that uses mathematical relations) or the libeled relational 

model (that uses the labeled generalization of mathematical relations) is used. 

Codd’s algebra is not complete with respect to first-order logic. Certain insurmountable 

computational difficulties have arisen for any implementation of it. To overcome these 

difficulties, Codd restricted the operands to finite relations only and also proposed 

restricted support for negation (NOT) and disjunction (OR). 

As in any algebra, some operators are primitive and others, being definable solely in 

terms of the primitive ones, are not primitive. The six primitive operators of Codd’s 

algebra are the selection, the projection, the Cartesian product (also called cross product 

or cross join), the set union, the set difference, and the [31]. These six operators are 

fundamental in the sense of that none of them can be omitted without losing expressive 

power. Many other operators have been defined in terms of these six. The set difference 

operation and the Cartesian Product along with unions and intersections are used 

extensively in relational databases.  
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Figure 8. A is a subset of B [31] 

Figure 8 above represents the subset of A and B. In contrast, B is a superset of A. 

Subset and superset are used to describe the relation, called inclusion, of one set being 

contained inside another set. 

 

Figure 9. The union of A and B [31] 

Union (Figure 9) is the set that contains everything that belongs to any of the sets, but 

nothing else. It contains all of the elements of both A and B. In Boolean logic the union 

is called an OR operator. 

 

Figure 10. The intersection of A and B [31] 

Intersection (Figure 10) is the set that contains all elements of A that also belong to B 

(or equivalently, all elements of B that also belong to A), but no other elements. In 

Boolean logic the intersection can be understood as an AND operator. 
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Figure 11. The complement of A in U B [31] 

The complement (Figure 11) (NOT or alternatively AND NOT operator in Boolean 

logic) contains all events in the sample space, which are not members of A. A and A´ 

together cover every possible eventuality. 

 

Figure 12. The relative complement of A in B [31] 

Relative complement of A in B (Figure 12) is the set of elements in B, but not in A. 

Database queries may contain Boolean logic. Each record in the table may be 

considered to be an element or a set. For example the following SQL SELECT 

statement could be used to retrieve data from tables in the database: 

SELECT *  FROM EMPLOYEES WHERE ( NOT LAST_NAME = ' Smi t h' )  AND 
( FI RST_NAME = ' John'  OR FI RST_NAME = ' Mar y' )   

 

Parenthesis can be used when combining Boolean phrases and to show the order in 

which relationships they should be considered. 
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4.9.2 The Relational Model 

As learned before, the relational model for database management is a data model based 

on predicate logic and set theory. In the mathematical model, reasoning about such data 

is done in two-valued predicate logic, meaning there are two possible evaluations for 

each proposition: either true or false (or null). Data are operated upon by means of a 

relational calculus or algebra. 

The relational model of data permits the database designer to create a consistent, logical 

representation of information. In the relational model, data is shown logically as a two-

dimensional table that describes a single entity. Table is an accepted visual 

representation of a relation; a tuple is similar to the concept of row, but in the database 

language SQL the columns and the rows are ordered.  Data in the table is displayed in 

columns and rows. Each column in the table describes a specific attribute of the entity. 

The specific values of each attribute are supposed to be atomic, that is, they are 

supposed to contain one, and only one, value. [31],[33]  

The basic principle of the relation model is the Information Principle [31]: “all 

information is represented by data values in relations” . In accordance with this 

principle, a relational database is a set of relation variables (relvars) and the result of 

every query is presented as a relation. 

4.9.3 Structured Query Language (SQL) 

SQL is a standard computer language for accessing and manipulating databases. SQL 

statements are used both for interactive queries for information from a relational 

database and for gathering data for reports. It is nonprocedural language, as it does not 

provide traditional programming structures. Instead, it is a language for specifying the 

operation one wants to perform. The details of the implementation are left to the 

DBMS. Table 11 shows the equivalents between the relational model and SQL language 

terms. 
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Table 11. Relational model and SQL language term equivalents 

Relational model SQL language 
Relation Table 
Tuple Row 
Attribute Column 

 

The code below retrieves all customers from a specific country. The DBMS retrieves 

and returns the rows one requests with an SQL sentence. 

SELECT CompanyName 
FROM Cust omer s 
WHERE Count r y = ‘ Fi nl and’   

 

One of the great advantages of SQL is that it is not needed to specify how the data 

should be retrieved, instead, one only need specify what the database should do. SQL 

statements are categorized into two major categories [28], which are actually considered 

separate languages: (i) the statements for manipulating the data, which form the Data 

Manipulation Language (DML), (ii) and the statements for defining database objects, 

such as tables or their indexes, which form the Data Definition Language (DDL). The 

statements of the DML are called queries. There are two types of queries: (i) selection 

queries and (ii) action queries. Selection queries are used to retrieve information from 

the database and they do not modify the database in any way. Action queries on the 

other hand are used to modify the data in the database’s tables. Table 12 summarizes the 

DML statements. 

 

Table 12. The Data Manipulation Statements [28] 

Statement Action 
SELECT Retrieves records from the database 
UPDATE Updates records in the database 
DELETE Deletes records in the database 
INSERT Inserts records in the database 

 

SQL statements tend to get quite complex, because it is needed to define which records 

will be selected and acted upon. The selection criterion usually applies to multiple 

tables and it is needed to join tables together in the SQL statement. 
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SQL supports two types of joins. Inner join is used to return all matching pairs of rows 

in the two tables and unmatched rows are discarded. Full (or outer) join is used to 

return all rows normally returned by the inner join operation, plus rows either the right 

or left table that do not meet the join condition. Both inner and full (or outer) join can be 

modified by specifying which table to be used as the basis for the join. One may want to 

retrieve all rows of one table and the matching rows of the other table. Therefore, joins 

can be further classified according to the order in which they look up the tables involved 

in the operation.  

4.9.4 Transact-SQL (T-SQL) 

Most database management systems include extensions, which enhance SQL and make 

it behave more like a programming language. SQL Server provides a set of statements 

known as Transact-SQL (T-SQL). T-SQL recognizes statements that fetch rows from 

one or more tables, flow-control statements like IF … ELSE and WHILE, and 

numerous functions to manipulate strings, numeric values and dates.  

In general, one can do everything in T-SQL that can be done with SQL, including 

programming these operations. In essence, T-SQL combines the power of SQL with the 

structure of more traditional programming languages. Some operations and business 

rules in this thesis were implemented using T-SQL. The basic operations of the 

application were implemented as functions and called from the application using SQL 

language. The advantage of T-SQL is that it is executed on the server and can 

manipulate tables locally. That is why stored procedures are much faster than the 

equivalent ASP code with SQL queries. 

 

A stored procedure is a routine written in T-SQL that acts on database’s rows. They are 

attached to SQL Server databases - just like queries. Once a stored procedure has been 

attached to the database, users and applications can call it as if it were another SQL 

statement or a built-in statement. 
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4.9.5 Microsoft SQL Server  

Microsoft SQL Server is a Relational Database Management System (RDBMS). 

Sometimes Microsoft SQL Server is incorrectly called a relational database, but an 

RDBMS is used to store and retrieve data for multiple sources. It is however different 

from other software (word processing, spreadsheet) in a way it saves the data. In 

RDBMS the data is stored in sets, and the sets of data contained in the database are 

related to each other. [31],[33]  

In addition to T-SQL language, SQL Server has also some other unique features. A 

trigger is a special stored procedure that is executed when certain actions takes place 

[28] For example in the thesis, the author wrote a procedure to keep track if the 

financial information in database has been changed. If the data was modified, deleted, or 

new data was added to the vouched table, the row being altered was copied to history 

table automatically. Triggers are added to individual tables and can be invoked by three 

different actions: insertions, deletions, and updates. In case the finance information was 

changed in the database, a backup of the row contents was automatically created to 

another database table. 

The Enterprise Manager, shown in Figure 13, is a visual tool that allows one to view 

and edit all the objects of SQL Server. It is very handy and user-friendly to use 

Enterprise Manager to create new databases, edit tables, create stored procedures, and 

represent complex relations, instead of creating and manipulating them by using DDL 

or DML language. Of course databases never should be manipulated directly, but 

queried from applications that are specifically designed for the database. In practice, 

only the Database Administrator (DBA) should open tables and examine or edit their 

contents. 
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Figure 13. SQL Server’s Enterprise Manager 
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5. IMPLEMENTATION PROCESS 

5.1 Background 

The discussion of the ABC-project started in the early 2005. Company’s commercial 

finance system (IFS) did not support product costing, so an external application for 

allocating the costs to various cost objects was implemented to replace the cumbersome 

Microsoft Excel based approach that was used in the past. Later in the spring 2006 the 

management decided to move all functions from commercial ERP and CRM to 

Modulight Database (MLDB). MLDB at that time had only the main functions of 

production management and execution. Even though lots of preparatory work was made 

before the ABC system could took place, it made the actual implementation and cost 

calculation easier, because all activities were in the same system and easily available. 

 

In order to realize a system, which is manageable, easy and cost efficient to operate the 

underlying database structure needs to be holistic, generic and dynamic [6]. Luckily 

MLDB offered a good database structure to have also marketing, selling and 

distribution activities in the same place – in addition to manufacturing activities.  One of 

the goals in the beginning was to create an engine that is generic enough to support 

mainly product cost object, but simultaneously could be used for other (finance) cost 

objects such as customer or project. 

 

Following business goals were set: 

·  Widen the financial understanding in company’s organization and thereby 

improve quality of decision-making process at various levels 

·  Improve cost awareness in manufacturing for better working satisfaction 

through helping people understand relative importance of different 

activities and productivity of (sub)processes 

·  Assess product, customer and project relative profitability 

·  Speed up and clarify product pricing process 

·  Add accuracy and decrease manual work in finance process as well as 

decision-making it supports 
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·  See pricing from different perspectives 

·  See if it feasible to start a project or not 

·  Make Product Data Management (PDM) more systematic and controlled 

·  Find out where additional values is formed in the organization 

·  Understand the overall organization effectiveness better 

·  Support strategy work and product portfolio optimization 

·  Build a system that is generic thus enabling other view points to be easily 

added in future without any limitation to the number of dimensions and 

interrelations 

 

In addition to business goals, also more technical and functional requirements were set. 

These are listed in the Table 13. The requirements are prioritized from 1 to 5 meaning 

smallest and highest, respectively. 

 

Table 13. The requirements set in requirements specification 

ID Requirement 
descr iption 

Why requirement was selected? Pr ior ity 
(1-5) 

1 Measure 
profitability 

To have an accurately map costs to products, services or 
customers and to gain a flexible modeling for profitability 
analysis to enable strategic segmentation of markets. 

4 

2 Analyze activity 
costs 

To set appropriate charge-back rates, establish 
performance benchmarks, and find out target costing of 
unused capacity per driver, activity or process 

4 

3 Produce accurate 
product and service 
costs 

To quickly determine accurate pricing data based on 
practical capabilities and identify the cost of unused 
capacity per driver, activity or process 

5 

4 Track unused 
capacity 

To compute the activity rates using drivers based on 
practical capabilities and to identify the cost of unused 
capacity per driver, activity or process 

2 

5 Gain flexible 
integration to 
company other 
applications 

·  To integrate seamlessly with other corporate 
management systems. 

·  Partly pave the way for unified corporate business 
infrastructure. 

4 

6 Manage system Add/modify cost drivers, define activity hierarchies, 
assign drivers to activities 

5 

7 Calculations ·  Mapping (Assign costs to departments and activities) 
·  Activity rates (Compute rates based on activity costs 

and related drivers; user local or rolled up rates 
·  Activity Cost Rollup (Sum up activity data based on a 

defined activity hierarchy) 
·  Cost Object Unit Cost (Sum all activities, materials 

and sub-components based on consumption quantities 
for a selected bill type) 

·  Computes (Calculate data across objects and data sets) 

5 
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5.2 Product Purpose 

The tool can be used to quickly examine the costs of the company based on real-time 

information. It can be used for example in pricing by seeing the product costs from 

different perspectives. It is also possible to find out is it feasible to start certain project 

or not. Decisions can be done according to exact cost information instead of by instinct, 

as is still more or less the case with conventional ABC systems. Effects on PDM are 

also significant. Parameterized product information helps company to build efficient 

database queries for strategy, business development, incentives management, sales and 

marketing use, for example to quickly find a suitable product for customer needs [6]. 

Benefits are clear in the finance process too as it is possible to decrease manual work 

and manage more accurately information in order to provide input for better quality 

decisions. 

 

As traditional cost pools are replaced with activities, it is possible to find out where 

additional value is formed in the organization. By finding out what creates costs, it is 

possible to understand the overall organization effectiveness better. 

5.3 Project Team 

The CFO of the company established a small project team consisting of himself, an 

engineer from the Business Infrastructure process (the author), a manager of Resource 

Management process, and a specialist from Finance department to develop and 

implement ABC. Over a period of two months, the team held many informal 

discussions. Nobody worked as a full time with the project; it was carried out among 

other duties. However, all the time during the implementation process, the top 

management of the company was fully supportive and recognized the potential of the 

project outputs. 
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5.4 Preparatory Work 

The product definition work started by becoming familiar with company’s Income 

Statement and Chart of Accounts. Together with a Finance department, the most 

important overhead expense categories (see Table A2.1), activities/cost pools (see Table 

A2.2) and their respective cost drivers were identified.  

 

In the beginning it was also decided what are the cost objects. Following objects were 

selected for further analysis: 

·  Customer 

·  Product 

o Product line 

o Product Group 

 

The implementation model supports basically any number of cost objects. Most typical 

are product and customer, but also analysis in person, department or project level could 

be done. It is only important that the costs from activities can be somehow in feasible 

way related to cost objects. 

 

Once first stage activities and their respective cost drivers were defined, the cost drivers 

needed to be identified for each expense category. As learned before, cost drivers 

identify the linkage between activities and cost objects. In a way they serve as 

quantitative measures of the output of activities. It was relatively big job to identify the 

cost drivers, but that only needed to do once. It is, however, very important review the 

cost drivers periodically and to devote some time understanding what activity cost 

drivers are being used. The selection of activity cost driver reflects a subjective trade-off 

between accuracy and the cost of measurement. Usually the first stage cost drivers are 

not readily available from data systems as they often represent something that cannot be 

measured in real-time, such as space in square meters (used for rents) or distance in 

kilometers (used for travel expenses). 
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In the second stage the activities were traced to cost objects using second stage cost 

drivers, which also needed to be defined. Comparing to first stage, it is easier to use 

actual real-time data for second stage cost drivers. Examples of these are: 

1. The number of activities 

2. Time spent on doing the activity 

3. Cycle time of an activity (or a group of activities that forms a process) 

5.5 Activity Analysis 

The activities performed within the company were analyzed in co-operation with 

different departments. One good source for starting the analysis work was to open all 

Quality Management System (QMS) documents, take a look at operational processes, 

and procedures performed in those. 

 

From quality procedures and flowcharts it was easy to identify some main activities and 

to create activity groups. Company’s MES already had a great number of manufacturing 

steps in the database, but in the beginning they were only related to production. CRM 

system on the other hand had a lot of customer interaction –type of activities. In 

addition to these, the team identified other tasks performed within the organization and 

decomposed those to discrete activities. 

 

Later a determination was made if an activity was value or non-value added, if it was 

primary or secondary, and whether it was needed or not. It is very important to devote 

time and resources to activity analysis, as the selection affects to overall calculations 

later.   

 

Later also cost (and performance) drivers were established. Before this, the costs had to 

be traced to activities. The team identified a total input cost for each activity. Finally 

actual activity costs were calculated using the implemented reporting tool. 
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5.6 Software Engineer ing Process 

There is no specific software engineering process in the case company, but the IT-

development follows closely Agile software development espoused by The Agile 

Alliance in 2001 [34]. 

 

The case company is constantly under change and business circumstances are likely to 

change every once in a while. Consequently, traditional software development process 

may not work very well even though in theory it has a smooth, predictable flow. 

Traditional software process usually follows fairly strict phases of activity, each of 

which must be completed before the next begins. Often this means that requirements are 

gathered and approved first, followed by software specifications, design, coding, and 

finally testing. Unfortunately, by the time the entire process is completed, there may be 

lots of changes in business infrastructure or project priorities. The software may be 

delivered perfectly to the original specification, but it may fail to meet the needs of the 

business at delivery time. 

 

Agile methods recognize the uncertainty of the business climate, and assume that 

requirements and priorities will change. The risk is minimized by developing software 

in short iterations, which typically last one to four weeks. Each iteration is like a small 

software project of its own, and includes all of the new tasks necessary to release the 

mini-increment of a new functionality: planning, requirements and analysis, design, 

coding, testing, and documentation [31]. The use of short iterations and incremental 

development of working software gives business unpredictable ability to respond the 

changing environments. At the end of each iteration, the team intends to release new 

software/functionality and re-evaluates project priorities. 

 

Agile methods emphasize real-time communication, preferably face-to-face, over 

written documents. This has resulted in criticism of agile methods as being 

undisciplined hacking. However, Agile teams, do follow defined (and often very 

disciplined and rigorous) processes, distinguishing agile approaches from doing 

whatever feels right. Development teams learn to work closely with the customer to 

work on the most important things first, and to make course corrections before investing 
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months into a technological dead end. Instead of waiting for a year or more to get 

feedback from their customers, they can show constant progress. This has the effect of 

reducing the amount of pressure on the team, since customers are confident that they 

will eventually get everything they need, and that their most important issues are being 

worked on. 

 

The Agile Manifesto [34] describes some basic principles that agile methods follow. 

The following is a summary of the key elements: 

·  Deliver working software early and often 

·  Do the simplest things that meets the needs of the business 

·  Embrace changes in requirement 

·  Maintain close communication between developers and business people 

·  Set a sustainable pace for developers, users, and sponsors 

·  Reflective improvement (look back at what worked, and what did not) 

·  Working software is the primary measure of progress 

 

The most popular of these methods include Extreme Programming and Scrum. Extreme 

Programming (XP) tends to focus on development practices, while Scrum offers more 

in terms of project management practices. According to studies [35], [36] Agile 

software development works well for small (< 10 developers) co-located teams. Agile 

development is particularly indicated for teams facing unpredictable or rapidly changing 

requirements. 

 

This ABC tool developed in this thesis is designed and implemented in a small team, 

and it constructs of several mini-projects, which are described in the next chapter. In 

that sense it fulfills the requirements of Agile software development process. The tool 

was also implemented gradually, by releasing something new in small cycles.  

 

Agile software development, however, is not a magic bullet. Software projects are 

planned, designed, implemented and tested by real people with all of their strengths and 

weaknesses. Agile practices are designed simply to help people do what they do best, 

while embracing the unpredictable nature of software projects. 
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6. TECHNICAL IMPLEMENTATION 

6.1 Manufactur ing Execution System 

Modulight has integrated all the manufacturing steps and their supporting processes into 

one single database. A case study [37] indicates that the new system has led to an 

increase in productivity through better manufacturability and support for rapid decision-

making. The system development started already in a year 1999 and has been gradually 

continued since. The relational database stores all data related to products, production 

and product development, and helps the company to manage, monitor and control 

operations in real-time. Unlike in most commercial systems, the information is stored 

on highly structured yet simple and non-redundant way, which is one key to cost 

effectiveness and agility at system level. [6] 

 

The key ideas of well-defined manufacturing database structure were also used in the 

implementation of ABC. The MES database provides a process-sub-process model in 

which the process technicians operate. Based on the employee competence, equipment 

availability, priority and other relevant parameters, the system suggests a process step to 

perform (see Figure 15). In general, a laser chip manufacturing consists of some five 

main processes and 100 sub-process steps. 

 

 

Figure 15. MES suggest a process step to perform 
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System also retains employee competence by assigning sub-processes for people who 

have a competence to do it, but have not done for a long time. The same idea could be 

also used with other customer interaction and other type of activities to retain the 

employee competence. 

 

From ABC point of view, the sub-processes can be seen as activities. It is easy to 

calculate the quantity of the sub-processes for a certain period. A sub-process can also 

be paused during its execution, and thus it is possible to calculate accurate time spent on 

it. Having this in mind, there was good base structure to start developing and 

implementing a model for the ABC system.  

6.2 The Process and Sub-process Model 

As discussed before, the basis of the activity-based implementation in the case company 

is a process-sub-process -model. Every activity (such as task, work assignment, CRM 

activity) was converted to a sub-process and added to existing MLDB database 

structure. Table 14 shows some examples of these. 

Table 14. Some examples of process chains added to new e-Enterprise system 

Process Sub-process Previous system 
Customer 
engagement 

- Phone call 
- Quotation 

Commercial CRM 

Responsibility Activities needed to 
perform a responsibility, 
e.g. Software Engineering, 
Quote preparation etc. 

No previous system, only 
listed in a work instruction 
and database table 

Laser manufacturing - Thickness measurement 
- Pick-and-Place 
- Wire bonding 

Manufacturing Execution 
System (MLDB) 

 

Figure 16 presents the process-sub-process model. Process is in the topmost and it 

contains one or more sub-process(es). This makes it possible to use the same sub-

process (for example a telephone call) in many different processes. Processes belong to 

business processes defined by the management group. Generally, one business process 

can have one or more processes. This allows the managers to create complex process 

chains, and seamlessly mix the functions of different business units together. At the 
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same time it is also possible see, how many sub-processes were done and how much 

time was spent per sub-process. Various mathematical models can be used to calculate 

for example the median cycle time per process chain or a group of processes, and later 

compare it to actual time spent for the process. 

 

Sub-processes has many common characteristics, such as start time, end time and due 

date. It is furthermore possible to link various object collections to sub-process, such as 

documents and images. 

 

Figure 16. Process-sub-process model and its characteristics 

 

For even more accurate data analysis and holistic information architecture, a lower level 

sub-sub-process is needed. Every time a user changes state of a sub-process, an 

equivalent sub-process will be created. It is hidden to the end user, but needed for 

example when calculating duration of a meeting. 
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Figure 17. An example of a Meeting sub-process represented as a Gantt chart 

 

In the Figure 17 person X, Y and Z indicate a sub-sub-processes. The total time spent 

on the Sales Meeting sub-process is not the difference between meeting stop time and 

start time, but a sum of time processed for each of the sub-sub-processes. Another 

common second stage cost driver in ABC is to calculate the amount of activities. If the 

meeting sub-process was done three times (one for each individual), it would have 

distorted the data in was analysis.  So, by introducing a new lower level entity, it is 

possible to make even more accurate calculations and use the information in the ABC 

analysis. Military and space audits require showing exactly what portion of meeting (or 

similar) each person participated. New structure also enables correct analysis of 

(manufacturing) work as people’s contribution is allocated to them and not the person 

who last modified the sub-process (activity). 

 

The process-sub-process model makes the implementation of ABC system also much 

easier in the general level in terms of data collection. When the data is well formed in a 

database structure, it is easy to import the data to EAD and ACOD matrices. Overhead 

cost, on the other hand, can be retrieved from MLDB Financial database tables. 
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6.3 Product Information and Product Data Management 

During the implementation process Modulight’s PDM underwent many changes. 

Originally product information was poorly defined and structured in database, and 

product specific information was difficult to locate. 

 

The company has learned that successful PDM has several goals. People doing sales 

work need to know price for the products they are selling depending on product, volume 

and customer. Customers, sales and engineering must have a reference numbers that 

exactly define the products they are talking about. Sales must know the availability of 

the products in terms of lead-time and storage location. Finally production department 

has to know what products they should manufacture. In order to avoid extra work and 

mistakes, double recording of data should be minimized. 

6.3.1 Star ting Point 

Company has two major database systems: IFS Distribution and MLDB. IFS is a piece 

of commercial ERP software that is used for sales and finance functions, for example to 

customer order process (quoting and order handling, invoicing), accounting and 

inventory counting. MLDB, on the other hand, stores entity (unit), batch and product 

specific data. 

A typical MLDB product specific data is 

·  Product types 

o Features, life cycle status, product responsible, applicable specification 

·  Performance specifications 

o Specification parameters and their control limits 

o Information about verification parameters 

·  Items/entities 

o Product type and specification values, measurement values 

 

In starting point the documentation, sales prices and inventory values in IFS were not up 

to date. Company had various documents and price lists in network drives, pricing was 

cumbersome and poorly defined process, and pricing responsibilities were not clear. 
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Company also used descriptive codes instead of non-descriptive number codes. 

Descriptive codes were good as such – educated reader could easily derive product 

properties from its name. Unfortunately sales numbers tended to get too long to fit into 

IFS fields, which caused problems in the application. This resulted in a problem where 

products with same properties had the same name. The differences had to make with a 

version number, which made the system and product handling even more complicated. 

 

In starting point the system also had one-to-many relationships. Basically one sales part 

corresponded to many internal product types, and one internal product type 

corresponded to many specifications. Good with this approach was that there was a 

common nominator for several configurations of the same product that made things 

easier to handle and communicate. However, from inventory point of view sales parts 

and internal product types were useless for accurate inventory counting. 

Example: 

Sales part “ML-COAX-1310-DFB-AL-3”  is available with several options 

(configurations): there are five different connector options, different pin layouts, optical 

isolator / no isolator, horizontal flange / no flange. This result to 20 different 

configurations, which all of them has a different pricing and they are different products 

from inventory point of view. It does not help the sales personnel or the customer if 

ERP shows company has 2500 lasers with FC/APC connector in stock if the need is for 

same product with SC/PC connector. Figure 18 illustrates different configuration 

options in the previous approach. 
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Figure 18. Different descriptive product names in original version 

6.3.2 New Solution 

Changes PDM were started by parameterizing product information to database and by 

changing internal product type names to non-descriptive numbers. New product codes 

were added also to company’s ERP. This resulted to almost 400 product variations 

instead of original 50. In addition, product prices were given in different price breaks. 

As finding and managing products and their information became much more difficult 

now, product parametric search tool was implemented (Figure 19). In addition, one-to-

many relationships were removed. 
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Figure 19. A web-based product parametric search tool 

Besides product specific parameters, also product lines, product groups, product life 

cycles, and product responsibilities were added to database and linked to appropriate 

internal product types. 

 

In the Figure 20 the grouped products can be seen from marketing point of view as a 

single product. Target customers, target markets and applications are the same for all 

four sales parts and basically they are marked as a single product with multiple options.  
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Figure 20. The end result 

Product specifications are used to define the electro-optical or mechanical properties of 

the product. They can be also used when re-qualifying already delivered products [6]. 

 

When the data is readily available and well structured to databases, also the 

implementation of ABC becomes easier. From database point of view, is possible to 

create ad-hoc cost objects, such as products, product lines, product groups and projects, 

easily. The implementation of automatic cost drivers is also less problematic since the 

cost drivers can be built upon existing architecture where the activities and cost objects 

are created, rather than to the ABC tool itself. Of course these two has to be in 

relationship with another. 

 

6.4 Universal Activity Management Tool and Open CRM 

The Universal Activity Management Tool (UAMT) is used to manage employee 

responsibilities, MBOs (Management by Objective), activities and tasks. It connects 

together people, products, customer and other relevant entities. Using UAMT 

collaborative activities can be performed at a completely new speed. UAMT also 

simplifies and automates certain activities. Company has lots of recurring activities, 

such as weekly meetings, equipment maintenances, salary payments, regulatory reports 

(VAT-report) and customer feedback reviews. The tool can be used to create new 
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activities automatically and to assign them either to individual responsible person or, 

preferably, for a defined responsibility, which supports maximal change management 

and role rotation. UAMT is also closely related to CRM functions and can help sales 

personnel to keep track of recent customer interaction activities, and to remind sales 

force if certain company has not been contacted within specified time. A screenshot of 

UAMT with some activities can be seen in Figure 21. 

 

 

Figure 21. Some activities in UAMT 

In the future, the tool can be also used to support other critical business functions. One 

example of this is Document Management System (DMS), for which the company 

could use a feature that puts agreements (NDAs, Rent Agreements with lessees/tenants, 

Customer Supply Agreements, Procurement agreements such as electricity) on review 

once they are about to expire. In that case the agreement would be an (recurring) 

activity. 

 

The architecture is also used for external communication.  When a customer writes 

feedback from the web, the engine automatically creates a corresponding customer 

feedback –activity and assigns it to product responsible. The advantages come when this 
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feedback is linked to recurring process. In the future the tool can be used to 

automatically create meeting requests (basically to create a meeting activity) and look 

from people’s calendar when is the next available possible time. Naturally the meeting 

request would only be sent to people (or their supervisors), whose products the feedback 

was about. Additionally the meeting memo (a description field in meeting sub-process) 

could be automatically filled with the customer feedback.  

 

Several positive impacts will be caused by the integration of all employees under same 

activity management tool: 

·  Better resource allocation with higher efficiency 

·  Things are easier to do, understand and document 

·  Technical capability for rapid change management 

·  Reduced human error and easier scheduling (no overlapping activities in 

different systems) 

·  Easier understanding of company level priorities 

·  Everybody generate input to resource management process for better cost and 

profitability analysis 

 

Open CRM, on the contrary, is used for customer interaction type of activities. It has a 

basic Customer Relationship Management (CRM) functionality and it is linked to other 

parts of company’s business tools. The CRM database acts like a common customer 

base for each business application in the case company’s e-business environment. 

 

Both tools are a result of Modulight’s convergence to holistic task/activity management 

system. UAMT and Open CRM together with process-sub-process model set a 

foundation for an integrated enterprise. 

 

The development and implementation of UAMT and Open CRM started after PDM 

functions were finished and product specific data was successfully structured to 

database. Commercial CRM system was obsoleted later in the summer 2006, and the 

existing activity data was imported to database tables and converted to sub-processes. 

The customer base in CRM was also transferred to a new system with good success. 
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Immediate business benefits were clear increase in agility, usability and better 

integration of sales and marketing activities to other operations. 

 

Both of the systems have much in common and they are based on the process-sub-

process model discussed in previous chapters. The data structure for companies and 

contacts is derived from the MES and it follows closely the entity model used in there. 

 

Currently the combination of UAMT and Open CRM is mostly used to handle sales and 

marketing type of activities. In the future it will be widen to support also employee 

responsibilities and other general tasks such as equipment maintenance tasks performed 

in the organization. It would also significantly help top management with resource 

management issues, as it would be possible to examine the workload per employee 

based on the information in the database. 

 

Often one of the major problems with ABC is automating this type of activities. Kaplan 

[4] points out in his article that even today most of the activity driver rates are manually 

collected and updated to the cost model. For example, when making a quotation for 

customer, it is fair difficult to record numerical data of the time and cost involved in the 

process. UAMT, however, provides real-time information by saving the actual time 

spent doing the activity.  

6.5 MLDB Finance 

The financial module MLDB has the every day functions of finance operations. The 

development work begun shortly after UAMT was finished. The idea is to obsolete a 

commercial ERP (including also distribution and inventory operations) by the end of the 

year 2006. The main objective of this was also tight integration of finance process to 

rest of the company and thereby support increased cost awareness and factual decision-

making. 

 

The finance information is owned by CFO and maintained by the company general 

ledger (GL). Depending upon the design of GL and its database structure, fairly detailed 

accounting related information is usually available from financial information sources. 
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However, significant potential problems occur when there are design inadequacies of 

GL. To better support future needs, all financial data were imported from commercial 

ERP to respective MLDB database tables. At the same time, the financial data structure 

was also modified to better meet the case company’s needs.  

 

The main features of MLDB Finance module are: 

·  Customer and supplier invoicing and payments 

·  Fixed assets 

·  Reports 

o Balance Sheet (BS) 

o Income Statement (IS) 

o General Ledger (GL) 

o VAT report 

o Fixed Assets (FA) 

o Depreciation and amortization 

o Acquisition 

·  Automatic invoice allocation to various accounting code parts based on 

predefined rules 

 

MLDB Finance uses different kind of accounting dimensions, called code parts, to 

allocate costs and to see them from different perspectives. A code part can for example 

be an account, product, customer or project (or groups of items before such as product - 

product line). As various relations exist between the code parts, upper level information 

can be inherited to a lower level. For example when a user posts an invoice to certain 

product line, it will be automatically allocated to products that belong to selected 

product line. As Figure 22 indicates, a code part is related to physical database table in 

the system. Database views are used to retrieve information and keep the column 

naming consistent.  

 



80 

 

Figure 22. Some code parts in MLDB Finance 

 

For example a code part A (account) has been defined to retrieve values from view 

CODEPART_A, which takes the actual values from a database table. Figure 23 shows 

the query results. Similarly, a data for a code part B (department) could be retrieved 

from the database table by querying a corresponding view. 

 

 

Figure 23. Data behind the view for code part A 
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Figure 24. How the voucher data is presented in MLDB Finance database 

 

The Figure 24 illustrates how the voucher data is presented in MLDB Finance database. 

The basic idea is to have a table for general voucher information and then 1-n number of 

voucher rows. One voucher row always has information of one code part and the total 

amount of invoice allocated to it. In the Figure 25 below an invoice 1648 is posted to 

several accounts (code part A). The figure presents, how the allocation within a code 

part is being made. In case there was more code parts, an equivalent number of rows 

would be created to database table accordingly. It is however important to notice, the 

more accurate calculations and more code parts there is per invoice, the more rows the 

system will generate to database. The data also should always present the situation 

when the invoice was posted to code parts, so in that sense using dynamic code parts is 

not very good option. If today one wants to post an invoice to product group Coaxial 

modules, which contains 100 products, tomorrow the situation may be different and the 

product group may have a different number of products. This would then generate 

wrong results. 
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Figure 25. Actual data from tVoucherRow-table 

 

Many everyday financial tasks have been automated. For example Automated 

Accounting Tools (AAT) – an application part of MLDB Finance – monthly allocates 

invoices to various code parts based on predefined rules. Figure 26 illustrates AAT user 

interface for managing the rules. Usually the account works like a trigger: if an invoice 

is being posted to for example to account Office supplies, it will be automatically 

allocated to all Modulight’s departments based on dynamic percentages. 

 

 
 

Figure 26. Automated Accounting Tools user interface for rule allocation 
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It saves a great amount of time and improves accuracy when the person who enters the 

invoice does not need to do the allocations and calculations manually. Naturally the 

more code parts are in use, the more calculations and allocations are needed. 

6.6 Implementing Activity-Based System 

6.6.1 Entity Relationship diagram 

The Entity Relationship diagram (ERD) of the ABC system is presented in Figure 27. 

An ABC project is created that links together other information. Project has four 

attributes: name, description, period, and life cycle. Name and description are used to 

identify the project. Period specifies the date range from where the overhead, activity, 

and cost driver data is being taken. Life cycle parameter is used to indicate the project 

status, whether it is in use or not. The outcome of the project is various reports. 
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Figure 27. ABC system’s ERD 

The implementation follows the EAD and ACOD matrices introduced in the theoretical 

part. EAD matrix is used to relate expense categories and activities together. ACOD 

matrix, correspondingly, relates together activities and cost objects. The one-to-many 

relationships between matrices and its entities indicate that the same entities can be used 

in many matrices. The user may for example define three different expense categories 

for the project. Similarly the same matrices can be used in many projects. 
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6.6.2 Data Flow Diagram 

The data flow diagram (DFD) seen in Figure 28 is a graphical presentation of the flow 

of data and user interaction through the ABC system. It consists of three phases. The 

first phase is the definition phase where the expense categories, activities, and cost 

object are selected for the project. In the second phase an EAD matrix is created, and in 

the third phase an ACOD matrix is created. 

 

 

Figure 28. Data flow diagram of the overall ABC system 

The user can define as many expense category and cost object types (see Figure 28) 

within the project than s/he likes. In the same way the check marking, proportion 

calculation and cost of an activity or cost object can be done for each one of the expense 

category or cost object combinations. The output of the system as seen in Figure 29 are 

different kinds of reports either showing the cost of an activity from phase two, or the 

cost of an cost object item from phase three. 
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Figure 29. Data flow diagram of the overall ABC system 

The phase one must be completed before the matrices in the phases two and three can be 

used. Similarly, the phase two must be completed before phase the three can be done. 

Reports from the phase two, however, can be seen before phase the three is completed. 
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Figure 30. Project definition 

Figure 30 illustrates the project definition phase in details. The left side of the DFD 

shows the input for the process and the right side the database table where the 

information is being stored. The input could basically come from any source; Figure 30 

represents the relations to MLDB database tables. Once the project has been defined in 

terms of its name, description, period, and life cycle, the information is saved to data 

store 8. 

The data store 1 lists a number of expense category items and a name to physical 

database view where the actual information is being found. There are as many of data 

store 2s as there are number of items listed in data store 1. Implementing the expense 

categories in this way allows the company to easily add new expense categories later. 

Moreover the expense categories are not limited to single database environment only - 

the actual information could be taken anywhere. The selected expense category items 

are saved to data store 9. 
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Data store 3 represents the processes defined in MLDB. Data store 4 is used to link 

together the processes and sub-processes (activities). The relationship information is 

saved to data store 10. 

The cost object information is being retrieved from MLDB Finance system’s code parts. 

Data store 6 works in the same way than expense categories. It lists available cost object 

items with a reference to a physical view in the system. Finally the selected cost object 

items are saved to data store 11. 

 

Figure 31. Entity-Activity-Dependence Matrix 

In the phase two (see Figure 31), the information defined before is used to link expense 

categories and activities together. When the check marks are placed, the information is 

retrieved from data stores 1 and 2. Once completed, the information is saved to data 

store 5. The proportion calculation takes information from data store 5. Thus this step 
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cannot be done before the check marking is done. It also takes information from data 

store 3, which defines the different automatic cost drivers. The actual cost driver 

information, such as number of activities done, is taken from various database sources. 

Once the proportions have been set, the information is updated to data store 5. When the 

cost of an activity is calculated, the information in data store 5 is also retrieved again. 

This time the overhead costs are taken from data store 4, calculated by the application, 

and finally updated to data store 5 again. After the phase two has been completed, the 

data store 5 has information of every relation between expense category and activity, 

their proportion, and the cost of relationship items. The total cost (sum of the cells in a 

row) is saved to corresponding activity in data store 6. 

 

Figure 32. Activity-Cost Object-Dependence Matrix 

The phase three as illustrated in Figure 32 is similar to phase two. In the first step the 

defined activity-expense category –relations (data store 1) and cost object items (data 

store 2) are related together and the information is saved to data store 5. As in phase 
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two, the information from newly created data store 5 is used in proportion and cost 

calculations. The result of this phase is a data store 5 with information of activity-cost 

object item relations, their proportions and costs of the relationship items. The total cost 

of a cost object is saved to data store 6. 

6.6.3 Database Structure 

Different database tables are needed to store the relations between activities and 

expense categories, proportions used in these and the actual euro values obtained. 

 

The Figure 33 presents the overall database model of ABC tool. The top-level table 

(tABC_Project), links together the EAD and ACOD matrices. Information to the 

matrices is retrieved from various other tables. 

  

 

Figure 33. ABC database structure and its relations to other information sources 
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tABC_EAD-table is has information of expense categories, cost drivers, accounts, 

activities, proportions and the cost of activities. Its structure is the same than presented 

in matrix representation in Appendix 1, but there is no separate table for check marks. 

In the application side a row in a database represents a check mark (a relation) between 

the entities.  

 

tProcessType -table has information of available process types. tSubProcessType, on 

the other hand, contains the information of available sub-process (activity) types. In 

MLDB these are linked together in a database table in order to see, which activities 

belongs to what processes. In the ABC tool, tABC_Activities table links together the 

process and sub-process type information. Figure 34 explains the relationship between 

the two. 

 

 

Figure 34. Process and sub-process types forms an ActivityID 

 

The costs are calculated in the application side and taken from the expense categories as 

described in chapter 6.5. Once a cost of an activity is calculated, it is saved to 

ActivityCost –column in tABC_EAD database table. In the same way the proportions 

are saved in the table.  

 

Similarly than code parts, also expense categories are retrieved dynamically from the 

database (see Figure 35). The actual data is taken from predefined views, whose 

columns have a consistent naming. 
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Figure 35. Expense categories in the database 

 

The Figure 36 shows actual data from Account Group expense category. The overhead 

costs are calculated for each of the items on the fly. Cost information is taken from 

MLDB Finance’s voucher tables. Having the expense categories structured in this way 

allows the company to add new expense category dimensions any time, without making 

modifications to the actual code. 

 

 

Figure 36. Actual data from expense category Account Group 

 

tABC_ACOD table (Figure 37) contains cost objects, activities, their proportions, and 

euro values. Activities are taken from tABC_EAD–table and cost objects from a 

respective code part table. As defined in the chapter 6.5, the tCodepart-table relates 

different accounting dimensions together. 
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Figure 37. Relationships between activities and cost objects 

 

Cost driver information can also be found from the database (Figure 38). Currently the 

different cost drivers are just listed in the database and the actual proposition 

calculations are done programmatically on the server side. 

 

 

Figure 38. Cost driver information 
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6.6.4 Programming 

The programming phase often takes 10-20% of total time spent on the project. As the 

author had a long experience on server-side programming and databases, the 

implementation phase was quite straightforward. Most time-consuming tasks were the 

designing and implementation of the UAMT tool and MLDB Finance system. Getting 

the data from commercial ERP and CRM to MLDB database also took a lot of time as it 

was structured in a different way. For example some accounting dimension items such 

as certain projects and products were missing from MLDB. 

 

The application was programmed in small cycles, by adding more functionality after 

another. After new functionality was created, the tool was also tested at the same time. 

This reduced the need for final complete testing. 

 

Maintenance is usually the largest proportion of software development costs. With 

effective testing, however, it is possible to find the biggest bugs before any harm is 

done. As always with software projects, there comes a need for new features once the 

initial version is completed. The development of the ABC tool does not end to the 

thesis, but more advanced features will be gradually implemented.  
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6.7 The Application 

6.7.1 Using the Application 

The application can be started from company’s Intranet. The first screen introduces the 

application for the user and asks whether user wants either to create a new project or 

open an existing one. 

 

Figure 39. Creating a new project 

When a new project is created (Figure 39), the application asks for project name, 

description, period, life cycle and publicity parameters. The period defines the date 

range from where the cost driver and overhead cost data is being taken. Life cycle 

parameter represents the status of the project. It can be active, discontinued, obsolete or 

preliminary. The same statuses are used in other MLDB applications, too. Publicity 

determines the visibility of the data. It can be either intranet, extranet or internet. 

It is fair important to notice during the period selection that when historical, post-period 

data for the ABC system is used, the cost estimates and assignment may have 

distortions. These errors exists, but managers accept these limitations because the 
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activity cost driver estimates are still likely to be far more accurate than continuing to 

operate with volume-based drivers [1]. So, by using a long enough periods, estimated 

over three-, six-, or twelve-months, the short-term fluctuations tend to average out. The 

only substantial error in estimating activity-cost driver rates over these long periods of 

time arises from failure to reflect unused capacity costs. 

 

Figure 40. Defining expense categories for the project 

After a new project has been created, the user can start defining expense categories. 

Defining expense categories happens by clicking expense categories from the left menu 

(Figure 40). Currently there are two predefined categories (cost accounts and cost 

account groups) supported. The database structure allows basically any number of 

different expense category combinations, as longs as overhead costs can be somehow 

calculated for them. When desired expense category is selected, the user can checkmark 

all expense category items s/he would like to use in the project. The overhead costs seen 

in the Figure 40 are calculated on the fly, but in this example the data has been changed 

to protect case company’s proprietary information. The user can define the selected 

expense category items for each one of the expense categories, if needed. 
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Figure 41. Selecting activities to be used 

The next step is to select, which activities should be used in the project. The tool takes 

the activity data directly from the database and structured it as seen in Figure 41. Same 

activity can belong to multiple processes, for example the activity Delivery belongs to 

Customer Interaction and Resource Management processes. Once activities have been 

selected, the user needs to select the cost object items to be used. 



98 

 

Figure 42. Cost object selection 

The different cost object types are taken from accounting code parts. As with expense 

categories, there can be any number of code parts for which the costs can be assigned to. 

The Figure 42 presents some of the code parts supported by current version of the 

application. Again it is possible to define data for multiple code parts within the project. 

The user can for example define all products that will be used - and as an other 

dimension - all projects that will be used in the analysis. 

Once cost object(s) items have been defined, it is time to relate expense categories to 

activities. This happens by clicking check-marks in the left menu. 
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Figure 43. Relating expense categories to activities 

The idea in this phase is to define, how the activities consume expense categories. This 

can be done by check-marking the checkbox (see Figure 43). In larger projects when 

there are hundreds of activities and many expense categories, it may become very 

frustrating to manually link the items together. That is why a Guess –button is 

introduced. When the button is pressed, it will automatically check from the database, if 

such relationships have been done before within the specified period. Again it is 

possible to do the check marking for each one of the expense category types 

individually. 

When the number of expense category items, activities and cost object items increase, 

the web pages used to present the relations and reports tend to become very large. If all 

activities and either expense categories or cost drivers were represented in the matrix, 

the page size would be around 800 kilobytes. That is thereabouts 60,000 lines of 

HTML-code generated by the ASP-script. Unfortunately browsers and especially client-

side JavaScript usually cannot handle this much data without loss in performance. 

Saving a matrix that has 40,000 cells to database takes a lot of time, too. That is why 

AJAX technology is used when the relations are saved to database table. 
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Figure 44. Saving an activity to database 

Figure 44 presents an event where user relates the activity Bandwidth measurement to 

expense category Wages and salaries. Once the checkbox is ticked, the data is instantly 

saved to database without a need to submit the page. The same activity can belong to 

multiple processes, so the script needs to add multiple rows to database. If this were 

done to 40,000 items with proper verifications, the execution time would be in minutes. 

Now using latest technology, the user cannot see any delay as the saving is performed in 

the background by using AJAX. 
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Figure 45. Setting proportions 

After checkmarks have been set, the tool asks for proportions (Figure 45). Each activity 

consumes a proportion of an expense category. Proportions can be set either manually 

or automatically, and each column should add up to 1. Following automatic proportion 

calculations are supported at the moment: 

1. Linear approximation 

2. Number of activities made 

3. Time processed 

 

Based on the selection, the tool will automatically calculate proportions for selected 

expense category. Like in Figure 45, the user has chosen Number of activities for 

expense category Change in Inventory. The proportions will be calculated based on the 

number of activities created within the period. For example value 0.25 comes when the 

number of deliveries (71) is divided by the total amount of activities (275). Activities, 

who were not check-marked in the previous step, are excluded from the calculation. 

Linear approximation, on the contrary, simply divides the proportion within all the 
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activities linearly. Once again setting up the proportions can be done for each one of the 

expense categories separately. 

When the number of activities increase, the proportions tend to get smaller and smaller. 

Figure 46 illustrates a situation where the cost driver rate has been calculated for some 

1300 activities. Doing this in manually would have been a very time-consuming task. 

 

Figure 46. Proportions calculated for a group of activities 

Once everything is done, it is possible to see the cost of an activity by an expense 

category (see Figure 47). 
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Figure 47. Cost of an activity by an expense category 

In the next step the activities and cost objects are related together as demonstrated in 

Figure 48. This happens in the same way than relating expense categories and cost 

objects. First the user check-marks how each one of the cost object items consume 

activities, then add proper proportions (Figure 49), and later can see the cost of a cost 

object. 

 

Figure 48. Setting up check marks in ACOD matrix 
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Figure 49. Setting up cost drivers in ACOD matrix 

In opposite to first stage, the check marking in the second stage (see Figure 48) can be 

done partly automatically. The system is able to query from database if certain activity 

is linked to the cost object. For products, the customer interaction type of activities still 

has to be entered manually. Correspondingly, if customer is used as a cost object, the 

application is able to query only customer interaction type of activities automatically 

and manufacturing activities has to be set manually. However, theoretically it would be 

possible to query from database the exact activity types performed for each cost object 

item. For example it would be relatively easy to automatically check if customer has 

sent feedback on the product or purchased it, and thus tick the checkbox. This anyway 

should be made separately to each activity type. Once the company performs each 

activity type in the same system, the fully automatic check-marking will be possible. 

Then the check-marking and proportion calculation can actually be invisible for the end 

user, and can be done completely in the background. 

The proportion calculation (Figure 49) is also implemented in AJAX-technology. When 

the value of a drop-down menu is being changed, the application will start processing 
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the proportions in the background. Changing one drop-down menu will affect to some 

1600 proportions (all process-sub-process combinations for the cost object item) to be 

updated in the database. 

6.7.2 Repor ts 

A good ABC software system contains a standard set of output reports covering raw 

database information, along with detailed and summary activity, and cost object results 

(Best, 1996). Currently the ABC system includes the following reports: 

·  Activity reports 

o By activity and cost, 

o Activities selected/sorted by attributes (sub-process parameters), 

o Resources consumed by each activity, 

o Where used in other activities, processes and cost objects 

 

In the next implementation version also the profitability side will be addressed. The user 

will be able to see cost object and profitability reports by: 

·  Profitability by accounting dimension 

·  Activity resource by cost object 

 

The outcome of the system is discussed in the chapter 7 in this study. 

6.8 Fur ther  Development Ideas 

The maintenance of the matrices should somehow be simplified. If for example every 

process-activity -combination is taken into use and account groups are used as an 

expense category, the EAD matrix will be very big (size range of 1760x25). The 

problem is not the matrix size, but the cells that has to be manually check-marked. That 

would equal up to 44,000 cells to be check-marked, and the same number of proportions 

to be calculated. As a first cure, the tool was modified so that the same check-marking 

can be used for each one of the activities, without depending on the process it belongs 

to. That reduced the first stage matrix size to 300x25. On the other hand, the linking 
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between expense categories and activities is only necessary to do one time, after that the 

Guess–button can be used to retrieve the relations. 

 

Using account groups as an expense category is not a very good choice either. As the 

application allows using any number of expense category types, the company could 

further think better ways to calculate the overhead costs for. 

 

Totally different cure to simplify the check-marking process would be to introduce more 

advanced GUI. Current web solutions are still very limited to less user interaction, but 

the Web 2.0 applications will look more like standard stand-alone-applications. Then it 

would be possible for example to use a mouse to select a group of activities, then create 

a link from those to expense categories or cost objects. Again the proportions could be 

calculated automatically as long as the user provides a cost driver to be used. 

 

When the focus is in second stage proportions, the matrix becomes much larger. If there 

are some 170 different activity types in the matrix, every cost object row generates 

about 1500 rows to database if all process-sub-process combinations are taken into 

consideration. If the proportions were calculated for each process-activity and product –

combination, there would be some 900,000 matrix elements to be calculated. Similarly, 

using customers as a cost object, the number of elements to be calculated would be 5,8 

million. Relating all contacts to activities would generate 14 million matrix elements. 

That is why the actual calculation should be done as a background process, for example 

in the database server. Another thing would be to combine some activities together thus 

reducing the size of the matrices. 

 

Some important historical activity data, such as internal meetings, is not imported to 

MLDB yet. A great number of meetings in the case company are held every week, and 

if the costs of the meeting could be traced to cost objects, the impact might be a 

significant.  The system supports a meeting activity type, but it is mostly used for 

external meetings. Meeting data, however, can be found from Microsoft Exchange 

Server, and a tool to import the data from Exchange to MLDB would be relatively easy 

to make. As described in chapter 6.2, some complex determinations, however, would be 
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needed in order to determine the meeting entry is added only once to the database, but a 

sub-sub-process would be created for each one of the persons, who participated the 

meeting. 

 

Most of the potential development ideas are in fact related to UAMT rather than ABC 

tool, which is used to represent the information. It should be made as easy as possible to 

add new activity entries to the system, without the user even to notice that was done. 

One good example would be adding an activity Invoice entry performed in Finance 

process. When the employee would start adding an invoice to the system, a new activity 

would be created, a clock would start ticking, and finally when the invoice was posted, 

the activity would be saved with an accurate time spent on processing it. Then the 

creation of this activity might launch another activity for another employee, for example 

a request of an approval of the invoice entry. 

 

Generally it would help the employees, if the process chain could be seen as Gantt chart 

or equivalent diagram presentation. It would allow the employees to easily create 

complex process chains and to prioritize their work. The best possible option would be 

to have a combination of a Gantt chart and calendar where people could first roughly 

insert their incoming activities, and later see their occurrences in details. 

 

RTAC would make it possible to detect cost variances early in multi-step production 

process. Solutions and corrective actions could be facilitated to cost problems in early 

stage, even before they ought to happen. Thus it is important to review the findings of 

the tool every once in a while, for example once a month in a management meeting. 

UAMT, on the other hand, could be used to create an activity for relevant manager if 

some predefined control limits are exceeded.  

 

In addition to current dynamic cost drivers, the company could further think more 

advanced methods to calculate the proportions between expense categories and 

activities, and between activities and cost objects. Usually the most interesting potential 

cost drivers are those not related to volume and which have the power to explain the 

growth in overhead and support costs [13] 
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7. IMPLICATIONS FOR OPERATIONS MANAGEMENT 

7.1 General 

To improve profitability and performance, it is critical to understand where an 

organization’s time is spent and, in detail, what the organization does and how it does it. 

Finkelstein [2] proposes the following steps to be performed in order to achieve this: 

1. Build an activity model of relevant activities 

2. Establish cost and performance measures 

3. Identify and eliminate non-value-added activities 

4. Simplify, integrate and streamline value-added activities 

5. Emphasize reuse of assets 

 

So far the study has concentrated to building and establishing an ABC model, and 

calculating the costs of an activity and cost object. This chapter attempts to study the 

implications to operations management in general, and see how the ABC system has 

affected to case company’s operations management and managerial decisions. At the 

time writing the system has been up and running only for a short period of time, that is 

why the calculations presented in this chapter are more like suggestive. In the future the 

company will keep improving the matrices and especially the cost driver calculation 

algorithms used in those. 

7.2 Value-added Activities 

A non-value-added activity may be one that is performed due to nonconformance to 

standards or policies, or used to correct or revise some form of deficiency. The cost 

drivers may be responsible for the non-value-added activities. Non-value-added 

activities introduce non-value-added costs. The analysis of activities as value-added and 

non-value-added is the basis of ABM. The main task is to direct improvement efforts in 

elimination or reducing the volume of non-value-added activities and improving value-

added activities. 
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During the analysis, it was noticed that defining a non-value added activities is actually 

very difficult. For some people it may mean waste, whilst to others it may mean 

everything but the labor. In fact, every value-added activity includes non-value-added 

steps or tasks [16]. If the analysis is taken to higher level, for example on examining 

process chain performance, defining value-added activities becomes even more 

difficult. Gunasekaran et al. have recognized some non-value-added activities in their 

case study [16]: 

·  Machine setup is a non-value-added activity as the machine is not producing 

anything while being setup 

·  Logistics in the factory is another non-value-added activity as moving a product 

does not make it more valuable 

·  Inspection is a non-value-added activity 

·  Stock holding is a non-value-added activity as inventories do not add value to a 

product or customers 

 

One good rule to find out non-value-added activities, is to think activities “ that can be 

eliminated with no deterioration of product attributes”  [16]. The attributes can be 

anything from quality and performance to function. Figure 50 presents the findings of 

non-value-added versus value-added activities in the case company. It was easy to 

identify what are the most important non-value added activities. These are for example 

inspection, material handling, inventory, and logistics –related activities. Marketing, 

personnel and purchasing do not add value to the product, but are necessary and cannot 

be eliminated. The figure 50 indicates that non-value-added activities are 23% of the 

total number of activities. These activities can be eliminated without deterioration of 

product attributes. 
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Figure 50. Percentage of value-added and non-value-added activities (n=162) 

 

Figure 51 presents the costs of non-value-added activities. The period over which the 

costs were calculated is from the beginning of year 2004 to in the end of year 2006. 

Total 16427 activities were analyzed. 

 

Figure 51. Cost of non-value-added activities 

 

Rework is also one common non-value-added activity found in any industry. However, 

it can be a value-added activity for an operator who performs rework on a job because 

s/he increases the value of a product by rework. In principle, all aspects of an 

organization should be considered while identifying the activities. 

 

Cost control can be achieved by implementing improved methods of performing an 

activity – by benchmarking or best practices; or by eliminating non-value-added 
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activities. A by-product of cost analysis is identification of new or improved 

performance measures. The information from this analysis can be used by operational 

managers, various teams, and qualify circles. This is where alternative technology 

solutions are considered. 

7.3 Cost of Activities 

According to case study [16], the common 80-20 rule can be applied to activities too. 

The 20% of activities causes 80% of the total cost, and those activities are worth 

analyzing. The focus should be on the most critical activities that will add value to 

customers or help the effective operation of the business. Often it is also easy to identify 

bottlenecks, in other words, activities that provide significant opportunities for 

improvement. 

 

The Figure 52 represents the percentages of customer interaction –type of activities 

performed within a selected period of time. The sample size is 5571. The period over 

which the costs were calculated is from the beginning of year 2004 to end of year 2006. 

The period also applies to each of the figures presented in this chapter. The majority of 

activities are related to communication, which in most cases is email. Phone calls and 

customer meetings also represent a large proportion of customer interaction type of 

activities. Internal meetings used for example to prepare a teleconference call, are not 

listed in the figure. 
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Figure 52. Customer interaction –type of activities performed in the company 

 

A company with a number of different departments can improve the efficiency and 

effectiveness of each activity by comparing similar activities of different departments. 

This is not interesting for customer interaction type of activities as majority (99%) of 

those are performed in Customer Interaction –business process. The manufacturing 

activities, however, are more interesting. Figure 53 presents the ten most performed 

manufacturing activities in the company. The sample size used in this calculation is 

245042 and the total number of different activities is 135. As the figure presents, the 

analysis is not very revealing. However, the ten most performed activities consume a 

proportion of 31.2% of the total number of manufacturing activities performed within 

the company.   
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Figure 53. Ten most performed manufacturing activities 

 

If the cost driver is changed to actual time spent on doing the activities, it can be seen 

from Figure 54 the majority of time (77.08%) is spent on laser chip life tests. Life tests 

are performed by a machine and the actual time people spent on doing it is not 

significant. Yet it is revealing the measurements takes the most time in the production. 

Most of the activities in Figure 52 are in fact non-value-adding activities. As learned 

before, ABM attempts to eliminate or reduce these activities. 
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Figure 54. Time spent in hours on activities presented in a logarithmic scale 

 

If the analysis is focused only on value-adding activities, it can be seen from Table 15 

that the majority of time is spent on measurements. Unlike inspections, measurements 

can be seen as value-adding activities in the case company’s environment, because the 

measurements add value to product and the same information can be utilized later for 

example when re-qualifying already delivered products again existing product 

specifications [6]. Life test is an example that can be both value-added and non-value-

added depending on the context. It is non-value-adding to the products, which are life 

tested, but value-added for products, which later use the lifetime data generated by it. 
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Table 15. Time spent on value-adding activities 

Activity % Of time processed Cumulative sum 
Device measurement - 25 26.74% 26.74% 
Burn-in 16.43% 43.16% 
External sub-process 12.03% 55.19% 
Device measurement - 85 9.09% 64.28% 
Facet coating 5.32% 69.60% 
Scribe-and-Break - chip separation 2.65% 72.25% 
Metallization - p 2.19% 74.44% 
Device measurement - 60 1.86% 76.30% 
Device measurement - 70 1.65% 77.95% 
Dry etching - mesa 1.37% 79.32% 
Wax removal 1.37% 80.69% 
 

The table 16 presents the findings of activity costs made with the ABC tool.  Clearly 

Communication is the most expensive single activity performed in the company. Yet it 

is important to remember the effect of 60-99 rule where the top 60% of activities 

generates 99% of the costs. Figure 55 illustrates the finding as a graphical presentation. 

 

Table 16. Percentage of activity costs during 2004 and 2006 

Activity Percentage Cumulative sum 
Communication 24.94% 24.94% 
Developing 5.04% 29.97% 
RFQ 3.82% 33.80% 
Photoresist coating 2.95% 36.75% 
Phone call 2.55% 39.30% 
Visual Inspection 2.42% 41.72% 
Meeting 2.15% 43.87% 
Thinning 2.05% 45.92% 
Pre-exposure cleaning 2.02% 47.93% 
Surface profile meas. – mesa with mesa mask 1.60% 49.54% 
Surface cleaning 1.58% 51.12% 
Microscopic inspection – resist mask 1.55% 52.67% 
Thickness measurement – thinned 1.51% 54.17% 
Quotation 1.47% 55.64% 
Microscopic inspection – etch quality 1.40% 57.03% 
Follow up 1.34% 58.37% 
Resist stripping 1.29% 59.66% 
Dielectric deposition – SiO2 1.17% 60.83% 
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Figure 55. Activity costs 

Examining the costs from process level, Figure 56 indicates the Customer Interaction –

process is the most expensive one. Total 38.9% of all costs come from that process. The 

graph does not, however, tell the whole truth. The proportion of non-manufacturing 

costs would be much higher if all the activities where white-collar workers spend their 

time were taken in account. For example internal and external meetings most likely 

would generate a large proportion of the costs. 

 

 

Figure 56. Process costs 
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As MLDB provides a great database environment to link different entities together, the 

numbers presented in Figure 57 are interesting. The figure lists costs per activity group. 

The costs of inspection – a common non-value-added activity – is relatively small, only 

1.06% of total costs. Device processing, on the other hand, generates over 50% of cost 

in this model. Again the cost of customer interaction would be higher if the white-collar 

work would be calculated in more detail. 

 

 

Figure 57. Costs by activity group 

 

7.4 Cost of Products 

Similarly to activity costs, the ABC system would allow people to calculate the cost of a 

product – or any other cost object defined in the ABC project. Comparing to first stage 

activity cost analysis, the second stage is far more reliable as it is possible to accurately 

relate manufactured products to activities. However, recalling from chapter 6.7.1, 

customer interaction relationships still have to do manually.  

 

The data to product cost analysis was taken from year 2004 to end of year 2006. Only 

products shipped during that period were taken into account. The cost of raw materials 

was not included in the calculation. 
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As the product coding changed during year 2005, the costing is in fact a bit inaccurate. 

That is why the analysis was done in an upper level by a product group. The analysis 

shows that laser chips are the cheapest to manufacture while the total costs for other 

product groups is almost the same. Laser chips, however, are lower level of integration 

than for example coaxial modules are. Due to confidentiality issues within the company, 

no further product analysis can be presented in the study. 

When there will be more product-specific data available for the new product codes, the 

results will most likely be different then. Some linking between the products might be 

possible: in general there is an equivalent for old product code in the new coding. It, 

however, would be an incorrect way to relate products together, as one old product part 

may correspond to several new ones. 

7.5 Profitability 

The primary reason why companies do not understand their cost of serving individual 

customers is that financial reporting provides no requirements or incentive for 

companies to assign their operating expenses to customers [39]. If companies 

understood individual customer profitability and the drivers of customer profitability, 

they could take a variety of actions to transform unprofitable relationships into 

profitable ones. Once the profitability is analyzed, ABC gives companies a clear and 

accurate picture of the gross margins and cost-to-serve components that aggregate into 

individual customer profitability. 

 

ABC analysis will usually show that, after assigning accurately the cost of activities, 

many products are extremely unprofitable [1]. The curve shown in Figure 58 happens so 

frequently in ABC analysis that it has been given a name. ABC analysts refer to the 

graph of cumulative profits as the “whale curve” . It plots cumulative profitability versus 

customers [39]. The height of hump of the whale indicates that the profits earned by the 

business unit’s most profitable products. The remaining products, break-even and loss 

bring total profits down to sea level  [1]. 
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Figure 58. The Whale Curve of Cumulative Profitability [1] 

While cumulative sales usually follow the normal 20-80 rule (20% of customers 

generate 80% of the sales). More revealing, however, is the 60-99 rule: the highest 60% 

volume of products generate 99% of sales. Or, looking from the other direction, the 

lowest volume 40% of products generated a cumulative total of 1% of sales. The whale 

curve for cumulative profitability typically reveals that the most profitable 20% of 

customers generate between 150 and 300% of total profits. The middle 70% of 

customers about break even, and the least profitable 10% of customers lose 50-200% of 

total profits, leaving the company with its 100% of total profits. 

 

Large customers tend to be either the most profitable or the least profitable in the entire 

customers base. It is however fair unusual for a large customer to be in the middle of the 

total profitability rankings. Usually, unfortunately, they turn out to be the most 

unprofitable [39]. A company cannot lose large amounts of money with small 

customers. It does not do enough business with a small customer to incur large 

(absolute) losses. Only a large customer, working in particularly perverse way can be a 

large loss customer. 
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The Figure 59 below represents data of top 20 customers, who consumes most of the 

case-company’s activities. The second most resource consuming company requires 

about 4 % of total customer interaction type of activities to serve all customers. It, 

however, represents only a 0.03 % of total revenue. On the other hand, the most 

resource consuming company also generates 12% of total revenue. 

 

 

Figure 59. Cost of activities for a group of companies in year 2006 

 

Later the total costs were compared to the total sales each of the company made during 

year 2006.  The comparison confirmed the truth that indeed large customers tend to be 

either very profitable or the least profitable. The most resource consuming company 

(company 1) seems to be very profitable in terms of revenue making, but the company 

2, however, appears to be very unprofitable. Surprisingly, none of the lower-cost-to-

serve customers create much revenue either. There anyway seems to be a correlation – 

without a couple of exceptions - on how much resources are put on the company and to 

how much revenue it generates. Apparently putting resources on serving the companies 

pays off. 
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Kaplan [39] has identified the behavior that causes some customers to be low-cost-to-

serve, and likely to fall on the profitable (left-hand) side of the whale curve, or the 

behavior of the high-cost-to-serve customers who, if not fully priced, end on the falling 

(right-hand) side of the whale curve. The table 17 summarizes these findings. 

 

Table 17. Behavior of some customers [39] 

High Cost-to-Serve Customers Low Cost-to-Serve Customers 
Order custom products Order standard products 
Small order quantities High order quantities 
Unpredictable order arrivals Predictable order arrivals 
Customized delivery Standard delivery 
Change delivery requirements No changes in delivery requirements 
Manual processing Electronic processing (EDI) (zero 

defects) 
Large amounts of pre-sales support 
(marketing, technical, and sales 
resources) 

Little to no pre-sales support (standard 
pricing and offering) 

Large amounts of post-sales support 
(installation, training, warranty, field 
service) 

No post-sales support 

Require company to hold inventory Replenish as produced 
Pay slowly (high accounts receivable) Pay on time 

 

It is usually fair difficult to place the companies to either one of the categories in the 

Table 17. It was however noticed that many of the companies that seemed to be 

profitable, had more elements on the right side of the table. 

 

Once a company sees the whale curve of customer profitably, the opportunities for 

action are generally obvious. Managers can choose from several actions to transform 

unprofitable customers into profitable ones.  

 

The actions generally fall within three categories [39] 

1. Process improvements 

2. Pricing decisions 

3. Relationship management 
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7.6 Process Improvements 

ABC can be used as a base for process improvement decisions. At first the companies 

should look internally to see where they could improve their own processes to lower the 

costs to serve.  

 

The activity costs were calculated in chapter 7.3. As it was noticed, the majority of costs 

were related to measurement activities. The company could think ways to reduce the 

cost of measurement for example by increasing the productivity by improving the 

overall process or by replacing some equipment with another. Some of the major costs 

seen in the table 15 would be possible to outsource. These are laser diode facet coating, 

metallization and dry etching. The maintenance logs also reveal a fact the machines 

used to perform these three manufacturing steps are often broken. However, production 

expenses are only a small partition of the total cost of the product and if some steps 

would be outsourced, the lead-time would longer and cost might actually increase. 

Communication activity presented 25% of total activity cost performed in the company.  

Even though communicating with customer is important, the company could think ways 

to reduce the number of communication activities and by that to reduce the costs. Yet it 

would be good to use a different cost driver than the number of activities, as much email 

communication is made daily. That, in fact, may increase the cost of communication 

activity too much. 

ABC offers significant insight into equipment and process decisions. Traditionally, 

accounting systems focused on monitoring and controlling costs incurred subsequent to 

product design process. In modern manufacturing environments where product 

complexity significantly influences costs, a large portion of the costs is determined at 

the design state [12]. If companies lack an ABC system, they tend to add more features 

and design more complex products because the price and market share advantages are 

perceived to outweigh the additional costs of designing, manufacturing and supporting 

complex products. ABC can also help to rearrange the manufacturing floor to cluster the 

work more efficiently and eliminate unnecessary movement in-process production. 
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7.7 Pr icing  

Managers are curious whether ABC system can be used to generate cost of goods sold 

and inventory valuations for financial reporting purposes [1]. The answer is yes but with 

precautions. Once the total cost of a product cost object has been calculated, the product 

unit price can be calculated by dividing the total cost of a product by its quantity. 

 

The real opportunity for transforming unprofitable customers to profitable ones arises 

from pricing individual orders and transactions [39]. By understanding the ABC cost of 

providing products and services, companies can establish prices that motivate more 

efficient behavior of both suppliers and customers, and transform unprofitable 

relationships into profitable ones. When the ABC-model has been proven to provide 

accurate results, or, after enough “what-if”  –models have been made, the activity and 

product cost information can be used in the pricing process as well. 

 

ABC has potential to enhance the profits across the supply chain. ABC pricing educates 

customers about how their behavior affects the costs of its suppliers. Often the customer 

also learns about its own costs from ABC. By estimating an ABC model for their 

customers, companies can often convince customers of the benefits of the relationship 

even when selling at higher prices [39],[40]. The companies will only pay for what they 

really value. 

7.8 Product Planning and Design 

ABC system can provide useful information into product design decisions. The case 

company has a complex product offerings and the cost assignment tend to become 

difficult. As we have learned before, traditional cost accounting leads to a distorted 

product costs, biased analysis and wrong decisions. 

 

The case company makes products to fill orders in large quantities or small batches. 

Often small lot sizes appear more profitable under traditional cost accounting systems. 

This might the company to drop the products that are produced in large lots to 

concentrate on the more “profitable”  niche products. ABC information shows that small 
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lot product is actually much more expensive than estimated because ABC data will 

include factors not usually considered, such as order processing. Eventually relying on 

old methods of cost allocation may lead a company to a death spiral in which the “ least 

profitable”  product lines are dropped one after another in order to reduce costs. 

 

Product design should be a group process with input from marketing, finance, and 

operations [12]. Earlier this year the company transformed from line organization to 

matrix organization model, which supports this kind of cross-disciplinary information 

sharing very well. Usually, however, each these groups tend to look at design from their 

individual perspectives. ABC assists the process of synthesizing these different 

perspectives by identifying specific cost drives. For example, setup times may be a 

significant cost driver that was not recognized by cost accounting. 

 

A study [41] also had concerns about accountants who try to cut costs on activities that 

have unused capacity. Unused capacity related to non-constrained resources is actually 

essential. It provides a protective buffer to give greater assurance that the constrained 

activity operates without interruption. 

7.9 Quality Management and Control 

The trend has been to focus on continuous improvement of quality. ABC system can 

play a significant role in the priorization and cost justification of quality improvement 

projects. Because it includes non-value added activities in the costs, ABC can provide 

information that allows a company to determine what impact each project would have, 

and therefore a means to determine which ones to pursue first. ABC can also play role 

in quantifying the costs of quality. Usually the costs are categorized to four categories 

[12]: 

·  Prevention (costs of activities performed to prevent errors from occurring) 

·  Appraisal (i.e. costs of inspection such as determining if the product conforms to 

standards) 

·  Internal failure (i.e. cost of correcting errors before they reach the final customer 

such as scrap, rework and change orders) 
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·  External failure (i.e. costs associated with errors that reach the final customers, 

such as correcting the error, handling complaints, and customer ill will resulting 

from the error) 

 

In the future the company can use the cost information of scrapped products to inform 

the employees in production. If product failures happen during the laser diode 

manufacturing process, the system could give the price of the activity to create a new 

equivalent product versus the price of the scrapped product. In addition, such 

information could be used to motivate employees to work more carefully in production 

activities that are more expensive than others. 

Many of these quality costs can be categorized as non-value added costs that would not 

have been identified with traditional cost accounting. Once the activity analysis is 

performed in the company, it may show the large amount of work spent on reworks. 

That activity cannot be detected using traditional accounting data and it is rarely 

questioned in companies. ABC can be used to detect such issues and the traces can be 

traced and eliminated. 

7.10 Inventory and Procurement Management 

Strategies for inventory reduction, such as Just in Time (JIT), address the fact that 

carrying inventory at all stages – raw materials, work-in-process, finished goods – 

increases costs. However, inventory build-ups occur for a reason. The process of 

implementing ABC system can help identify some of those reasons. ABC supports 

measures that place the emphasis on the whole firm, not individual units or departments 

[12]. 

 

If, for example, purchasing department is rewarded on the basis of lowest cost, large 

lots may be ordered to get a quantity discount. If the lot size is more than what is needed 

for the tasks at hand, inventory buildup occurs. If individual units are evaluated on their 

throughput, they will produce as much as possible without regard for whether the 

product moves on to the next work stage or into a warehouse. 
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7.11 Capacity and Investment Management 

Most companies have very little insight and understanding about the location and cost 

of their unused and non-productive capacity. The tendency is to load all costs onto 

products delivered, which hides these costs, and consequently, the firms lose the 

opportunity to decrease them. ABC system helps firms to understand the link between 

increasing owner’s wealth and minimizing unused capacities. 

 

Long-term capacity decisions involve choices between the alternative uses of resources, 

such as acquiring or disposing of capacity. Just as ABC systems can improve the 

accuracy of cost data, they can provide information to help assess capacity decisions. 

When processes are evaluated in the ABC implementation, bottlenecks caused by 

inadequate or outdated equipment can be identified. 

 

Traditional cost accounting may provide misleading information regarding the costs of 

equipment that bias decision about upgrading or replacing equipment. 

7.12 Work Force Management 

The ABC process can have a significant impact on a firm’s employees, particularly in 

areas of employee empowerment and accountability, roles and responsibilities, and 

performance measures [42]. 

 

ABC takes information that was previously couched in pure financial terms and 

translates it into terms that relate to specific activities. With ABC, performance 

measures can be described in meaningful terms. An employee becomes aware of how 

his activities contribute to firm’s financial performance. ABC gives the employee the 

tools s/he needs to evaluate not only how s/he is currently contributing, but also how 

s/he might improve personal performance to increase that contribution. 

 

A study [43] indicates operators that know the full cost of the raw materials and the full 

cost of reworking defective units are able to decide whether to scrap bad production or 

rework it, without intervention by more senior management. Empowering employees to 

make these types of decisions can help prevent costly reworking or poor quality 
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product. It can also have an impact on employee commitment and morale. The case 

company has been thinking of showing the activity costs in manufacturing execution 

system. The process technician could see the cost of the work s/he is doing after every 

major step performed. 

 

ABC can also be used to establish benchmarks, which can be used as a basis for 

performance evaluation. The information from the ABC system could be for example 

used in the case company in personnel development discussions, which each company 

undertakes at least once a year. Supervisors could set targets, for example to make 100 

phone calls a month, or reduce the cost of activities by 10%. Later those targets could be 

reviewed with the ABC system. Ideally the employee could see real-time data generated 

by the system in his/her personalized Intranet portal. 

 

The case company uses Balanced Scorecard (BSC) in its Intranet. It is meant for 

employees to see how well the company is doing in terms of returning customers, 

operational result, product cycle time, and so on. Data from ABC system could be also 

easily used in the BSC as well to represent the cost of certain activity or a group of 

activities. In the same way customer profitability could be monitored with the 

combination of BSC and ABC in real-time. 

7.13 Budgeting 

ABC cost model can be used for planning and budgeting future resources. The costs, 

which previously were though to be fixed, are made variable [1]. Conventional 

budgeting practice is an iterative, negotiating process between heads of responsibility 

centers and senior executives. The result of a budget for next year builds from the 

baseline of the previous year, plus or minus a few percent depending upon the outcome 

of the negations. Activity-Based Budgeting (ABB) offers the opportunity for such 

discussions to be based more upon facts, and less upon power, influence, and 

negotiating ability [1]. ABC budgeting could be even referred as zero-based budgeting 

since it develops budgets from the ground (product and customer) level. 
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The case company’s architecture could be used to demolish the conventional thinking 

about fixed and variable costs. It would be possible to see, how much more an 

organization will spend in the middle of the year, should it increase production from 

1000 units to 1200 units, and so on. However, these variable costs encompass very few 

organizational resources. The resources that are most variable or flexible within short 

periods of time, often represents mostly resources the organization purchases from 

outside suppliers. 

 

ABB is simply ABC performed in reverse. Recalling ABC process starts from assigning 

overhead from expense categories down to activities, and, via activity cost drivers, 

down to cost objects. ABB follows the following sequence of steps [1]: 

1. Estimate next period’s expected production and sales volumes by individual 

products and customers. 

2. Forecast the demand for organizational activities. 

3. Calculate the resource demands to perform the organizational activities 

4. Determine the actual resource supply to meet the demands. 

5. Determine activity capacity. 

 

Once the ABB has been determined, managers will authorize the supply of resources to 

meet the demand for the upcoming year. At that point, ABC can be used to calculate 

activity cost driver rates for the coming period. Comparing to ABC, the ABB is 

somewhat more difficult. The organization has to specify in details the sales and 

production demands, efficiency of organizational activities, and spending of resources 

[1]. When performed successfully, however, managers will have much greater control 

over their cost structure, particularly over their so-called fixed costs. 
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8. CONCLUSIONS 

8.1 User  Exper iences 

Even though the take-in-process is still ongoing, this thesis has been a good pilot project 

of using ABC and ABM in the company. It has demonstrated what ABC is all about, 

and how it can be efficiently used in the case company. In the future when more activity 

types are added, the company can understand its overall effectiveness even better.  The 

project has however, already demonstrated a promise of better analysis capability in 

better understanding of the business. It has shown where the company spends its time, 

what the company does, and how it does it. 

 

The importance of training should not be underestimated in completion of the work. 

Thinking in terms of activities does not come naturally to many people. In the case 

company, the system was build above existing architecture. The architecture and its 

terms were used in production for a several years, and the terminology was common in 

every department of the company. 

  

The think big – start small approach used at Modulight in IT-projects has recently 

gained very good results. The case company has been able to increase productivity and 

relative gains from further systems development for several years now as the original 

underlying architecture is utilized more and more. The company has also repeatedly 

observed that ROI-% rather increases over time rather than stabilizes or declines with 

additional investment on top of the robust, core architecture [6]. 

 

The take-in-use time and system benefits are clearly influenced by the information 

architecture consistency. Naming of the information elements clearly is also essential 

for teaching users to serve themselves and get a real user acceptance [6]. 

8.2 Conclusions of the Theoretical Par t 

The author was surprised about the low number of articles and books found how to 

actually implement ABC. There were hundreds of articles that described the process in 
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theory, but only a very few went to details and to the interface between ABC and 

databases. The model proposed by Narcyz Roztocki is indeed good as such, but it 

should include all cost object items, activities and overhead costs to be accurate. If for 

example some products are missing from the calculation, others become more 

expensive. Another workaround would be to somehow calculate the cost of an activity 

directly while it is being performed. 

 

Due to changes in the cost structures since 1900s, the old cost systems have become 

inaccurate. Direct labor represents only a small portion of total manufacturing costs, and 

allocating indirect costs based on direct labor or volume basis will lead to cost 

distortions. ABC adds one extra step and recognizes the causal relationships of cost 

drivers to activities. The case study shows that ABC is useful for Small and Medium-

sized Enterprises like Modulight. The ABC analysis enables managers not only to more 

reliability measure costs associated with the business, but also provides them with more 

of an understanding of how the costs are generated. Managers may then use the ABC 

analysis to investigate different methods of regulating their business. They can compare 

different options regarding their handling of customers, product lines, and distribution 

methods.  

 

A study [44] indicates that increasing activities and costs pools does not actually 

produce more accurate calculations. According to Datar and Gupta, the number of 

mistakes in direct allocations and definition work increases when the model becomes 

more accurate. The ABC project team, in fact, believes that given the ABC system 

complexity, it yields better accuracy than the simple approach. Additionally it reduces 

the danger of overweighting selected cost drivers. On the other hand, the more accurate 

the system becomes, the more complex the matrices will be. The data collection also 

becomes more difficult and costly, especially in terms of automating cost drivers, when 

more complexity is being added to the system.  

 

Key to achieving more exact cost information is that all activities are performed within 

the system rather than outside the box. However, financial analysis should also aim to 

support less tangible processes, which do not have as detailed management accounting 
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data available as manufacturing activity for example storing detailed cost information in 

the same database with production and sales data results in increased possibilities for 

tracking and analysis, and for example to determine profit margins for specific orders. A 

poorly integrated technology infrastructure presents the same problem to external 

performance as it does to company’s internal performance. Poor systems integration 

means reduced flexibility and cost control. A company’s ultimate success depends on its 

ability to collect, organize, and analyze data and to disseminate this information 

throughout the supply chain in a timely, cost effective-way [6],[45]. Even the best and 

most advanced system is worthless if it cannot express its added value to customer, 

either internal or external. 

 

It would be interesting to measure every single activity performed in the company, but 

unfortunately that is impossible. If people wrote down everything they do, the system 

would eventually start creating activities of creating activities. The way the activities are 

saved to the system, has to be transparent for the user, otherwise user acceptance 

suffers. Important is also that the same job is done only once. For example when an 

employee sends email to customer, ideally at the same time it would be sent to UAMT 

as well, without the need of copy-pasting the activity there. Technically that is possible 

and would basically require only sending the email to predefined email address in 

Microsoft Exchange Server that would trigger a script, which eventually would add it to 

UAMT for a right contact person. 

 

ABC has its limitations. Comparing to other organizations, the limitations what comes 

to people, can be consider much smaller as all kinds of activities have been recorded to 

various system since the MES was taken into use. In general, people in the case 

company are used to record their work, so no cultural change is needed.  

 

Time should be devoted in analyzing the expense categories, activities and cost drivers. 

Especially important is to select proper cost drivers because they are in the end the 

factor that determines how the costs are traced from object to another. Having mind the 

ingredients for successful implementation, important is the team designing the activity 

model should be multi-disciplinary. When the number of activities increase, it is very 
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essential to exactly know, what are the different activity types for. Recommend is also 

starting with a small pilot project and later gradually improve the system further. 

 

All in all, ABC can be used to provide accurate cost information and ABM to make 

managerial actions but the decisions should always be combined with a common sense 

and overall understanding of the company’s cost management structure. 

8.3 Conclusions of the Implementation Par t 

The development of the e-Enterprise infrastructure began in early 2005. The basic 

process-sub-process –database structure already existed and was in use in 

manufacturing before other business functions were added on it. After being involving 

in CRM, ERP and resource management application design and implementation, the 

author has gained very good knowledge on how company operate, and how different 

business processes link together and can be developed even further. In addition, 

author’s knowledge in finance and managerial accounting has significantly risen.  

 

It is quite daunting to identify the best technological option to address the issues by an 

ABC implementation process. The actual implementation can be done in several ways 

and some are better than others. However, as most of the data is non-financial, it is 

important to store the cost information in the same database with production, sales, 

marketing and other business critical data. As a result, successful implementation arises 

of integration of several information sources together. This is essential because the 

business quality of financial analysis stems at least as much from non-financial data as 

from financial data when one wishes to make true value-adding conclusions to business. 

We believe the system implemented in this thesis is unique in the industry in its high-

scalability, completeness, and adaptation in a real manufacturing environment. It has 

significantly contributed for the extension of the company’s e-Enterprise environment 

thus contributing to the business agility and profitability indirectly. Of course, no 

database implementation can serve for sure the future needs of the enterprise. For this 

reason the database structure needs to be simple enough. The overall architecture also 

has to be holistic, generic and information should be stored centrally only once. This 
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sets the basis for building and further developing the system. It also ensures that all 

levels of planning are based on the same data [6]. 

 

Yet it is important to maintain a semantic enough structure for an average business user 

to comprehend and effectively use the system in everyday work. During the thesis 

implementation process, the project team has also found out that simple structure based 

system is superior to typical big commercial system, which has lots of rigidity, and will 

not be able to quickly support changing business and operational needs. 

 

The purpose of this thesis was to examine the possibilities of an accurate ABC in a 

holistic database centered management system, and establish a relationship between the 

ABC requirements and database systems. The use of relational databases and server side 

programming was suggested in this study. Relational databases are a very good to save 

and query information of multidimensional data, such as ABC.  The database structure 

proposed in this study is very dynamic and generic. It supports multiple expense 

category dimensions as well as various cost object dimensions. The information can 

also be taken basically from any source that can be defined by the SQL language, as 

long as the naming of the input database views is kept consistent. Server side 

applications, on the other hand, still suffer from user-interaction problems as the page 

has to be sent to the server and reloaded every once in a while. In addition, they are not 

an optimal solution to handle very large amount of data. Thus it is recommended either 

to split the matrices to several parts or do the calculations in the background, for 

example in the database server by using T-SQL language. AJAX behaves more like a 

rich client application and validates and sends the data behind the scenes. Consequently, 

the author suggests the combination of relational databases, server side scripting, and 

client-side AJAX to be a successful technological platform for ABC. 

 

Murray Best has compared key features and prices of some ABC software choices in his 

article [38]. It is nice to notice that the system implemented in this thesis fulfills the key 

features of even the most expensive commercial solutions. License fees usually start at 

� 15000 for multi-user environment, and it does not include support and maintenance 

fees at all. In addition, it is much easier to gradually improve the system even further 
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when new accounting practices and ideas evolve, when it is already seamlessly 

integrated to all business functions. 

 

As pointed out in the study, the problems in taking use ABC are rarely related to 

technical development. For some building the model of activities may be troublesome 

whereas others may struggle with people, who do not want their activities to be 

measured. Indeed technical difficulties may also occur. Software projects are very 

unpredictable and handling large amounts of data may become really difficult as the 

author noticed. 

 

The overall development process of the tool was relatively fast: it was finished in a 

month. It is, however, important to notice that the company has spent almost a year to 

improve and develop its other IT-related functions that are closely connected to the tool. 

If the ABC tool had been build upon different database architecture, the overall time 

would have been much longer. The tool is linked to case company’s operations, its 

database structure is very generic and could be applied to any industry with a small 

modifications. Of course, the basic structure for real-time activities should be there. 

Concerning ABC project, the biggest job was – and still will be in the future – to 

automate the cost drivers. The second stage cost driver information can be taken from 

company’s systems, but automating first stage cost drivers is more troublesome. 

 

Even though most of the data collection routines are automated, even the case company 

has to make some of the proportion calculations manually as cost driver data are not 

readily available. Nevertheless, it is relatively easy to introduce new activities, process 

chains or complex manufacturing steps to existing infrastructure at Modulight. 

 

The Table 13 listed the requirements when the project was started. Not every 

requirement was implemented in this version, but parts of each requirement were 

implemented. For example the first requirement (Measure profitability) was partly 

implemented: the system can accurately map costs to cost objects, but the profitability 

analysis has to do separately, for example in Microsoft Excel, by using the data from the 

ABC-application. Output for the second requirement (Analyze activity costs) can be 
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seen directly from the application and the data can be exported to further analysis. 

Naturally the activity costs can also be found from the database table and can be 

presented anywhere by querying the information directly from the database table. 

Similarly the requirement 3 (Produce accurate product and service costs) was fulfilled 

even though services are not addressed in this thesis. Basically a service would be a yet 

another cost object dimension in the system. The case company, however, is not 

performing services as such and there are no entities in the database that could be 

considered as a service types. At the moment unused capacity cannot be tracked 

(requirement 4), but the activity rates are however calculated. Thus also the cost of 

unused capacity per driver, activity or process could be calculated later based on the 

data generated by the ABC-system. 

 

As discussed throughout the study, the ABC-system is seamlessly integrated with other 

corporate management systems. This, with partly paving the way for unified corporate 

business infrastructure, fulfills the requirement 5. Currently the system management 

(requirement 6) by adding and modifying cost drivers is pretty difficult as every time a 

new cost driver is added to system, it requires a considerable amount of work to 

determine, how the proportions should be calculated. In principle, this has to be done 

programmatically. Activity hierarchies and cost driver assignment, however, are 

possible to set from the application. 

 

The required calculations (requirement 7) can mostly done in the application itself. It is 

possible to assign costs to departments (expense categories) and activities, calculate 

activity rates (proportions), and make an activity cost rollup by summing up activity 

data based on a defined activity hierarchy. Cost object unit cost cannot be directly 

calculated in the tool, but the total cost for a cost object is possible to calculate. 

However, to calculate the unit cost would need only information about the 

manufacturing quantities, which is readily available in the MLDB database. More 

advanced calculations can be done when the data is imported to other applications, for 

example to Microsoft Excel. 
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8.4 Suggestions for  Fur ther  Research 

In the future the company will continue developing its financial systems towards a fully 

dynamic solution. It would be interesting to compare how the costs calculated with that 

system differs from the findings of ABC. Theoretically, it would be possible to do all 

first and second stage allocations to different cost objects already when posting the 

invoice or creating an activity, but that would generate lots of database rows every 

month and would be relatively slow unless done as a background process. Having for 

example an invoice posted to all products, customers, projects, and any other relevant 

cost objects, would easily generate hundreds of rows per invoice. 

 

To improve the speed of the ABC application, the On Line Analytical Processing 

(OLAP) should be considered. It can quickly provide the answers to analytical queries 

that are multi-dimensional in nature. Thus it might be an optimal business intelligence 

solution to handle and process the complex data relations in the case-company. The 

query execution time in OLAP cubes comparing to relational queries is around 0.1% of 

the time [31]. OLAP cubes, however, consume lots of disk space from the server. 

 

Another interesting research area would be in more advanced cost drivers. The cause-

effect relationships in the case company’s environment rarely are dependent on a one 

single cost driver, but a combination of many. For example the number of activities 

created during some period could be combined with equipment failures. This is also 

something to what the case company will focus in future ABC projects. 
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Appendix 1. Examples of EAD and ACOD matr ices 
 
 
Table A1.1. Expense-Activity-Dependence (EAD) matrix with check marks 
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Customer Contact   x x     

Engineering work      x   

Raw materials 

purchasing 

x    x    

Quality   x x  x   

…         

 

 

Table A1.2. Expense-Activity-Dependence (EAD) matrix with calculated 
proportions 
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Table A1.3. Expense-Activity-Dependence (EAD) matrix with �  values 

Total Expenses [� ] 1000 500 200 600 200 300 0  
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Customer Contact   40 60     100 

Engineering work      210   210 

Raw materials 

purchasing 

600    20    620 

Quality   10 60  90   160 

…          

 

 

Table A1.4. Activity-Cost Object-Dependence (ACOD) matrix (cost object is a 
product in this case) 
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Table A1.5. Activity-Cost Object-Dependence (ACOD) matrix (cost object is a 
product in this case) 
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ML1000 0.16 0.25 0.33 0.1  

ML1001 0.37 0.25 0.33 0.4  

ML1002 0.11 0.25 0.34   

ML1003 0.36 0.25  0.5  

…      

 

Table A1.6. Activity-Cost Object-Dependence (ACOD) matrix (cost object is a 
product in this case) 

Activity cost [� ] 100 210 620 160  
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ML1000 16 52,5 204,6 16  289,1 

ML1001 37 52,5 204,6 64  358,1 

ML1002 11 52,5 210,8   274,3 

ML1003 36 52,5  80  168,5 
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Appendix 2. Expense categor ies and activities 
 
Table A2.1. Expense category Account Group and its cost drivers 

Number Descr iption Cost dr iver  
400 Materials Cost of resource used by the activity (� ) 
401 Change in inventory Use of resources (� ) 
403 Packing materials and supplies, pac Use of resources (� ) 
405 Utility goods Use of resources (� ) 
407 Discounts and credits Use of resources (� ) 
410 Raw materials and consumables Use of resources (� ) 
470 External servicies Use of resources (� ) 
490 Personnel Use of resources (� ) 
500 Wages and salaries Use of resources (� ) 
501 Holiday pay Use of resources (� ) 
510 Wages and salaries, direct Use of resources (� ) 
520 Pension costs Use of resources (� ) 
521 Pension costs, direct Use of resources (� ) 
600 Other social security costs Use of resources (� ) 
612 Voluntary staff costs Use of resources (� ) 
620 Rents Space (m2) 
630 Travel expenses Distance (km) 
631 Representation expenses Level of importance to customer (%) 
640 Marketing expenses Level of benefit (%) 
641 Sales office expenses Use of resources (� ) 
650 Maintenance expenses Use of resources (� ) 
660 Real estate expenses Use of resources (� ) 
670 Vehicle operating expenses Distance driven (km) 
671 Information technology Use of resources (� ) 
674 Repair and maintenance of machinery Use of resources (� ) 
680 Other operating expenses Use of resources (� ) 
687 Other services and fees Use of resources (� ) 
690 Losses on accounts receivable - tra Use of resources (� ) 
699 Adjustment items and transfers, other Use of resources (� ) 
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Table A2.2. Some activities and their second stage cost drivers 

Activity Cost dr iver  
Agreement Number of, time processed 
Bandwidth measurement Number of, time processed 
Burn-in Number of, time processed 
Chip final inspection Number of, time processed 
Communication Number of, time processed 
Customer feedback Number of, time processed 
Customer purchase order Number of, time processed 
Customer review internal Number of, time processed 
Degassing Number of, time processed 
Delivery Number of, time processed, delivery success 
Device measurement Number of, time processed 
Dielectric deposition (SiO2) Number of, time processed 
Dry etching Number of, time processed 
External sub-process Number of, time processed 
Facet coating Number of, time processed 
Far field analysis Number of, time processed 
Hotplate bake Number of, time processed 
Incoming inspection Number of, time processed 
Lead Number of, time processed 
Mask alignment Number of, time processed 
Meeting Number of, time processed 
Metallization Number of, time processed 
Microscopic inspection Number of, time processed 
Ordered Number of, time processed 
Packaging Number of, time processed 
Phone call Number of, time processed 
Photoresists coating Number of, time processed 
Products returned Number of, time processed 
Purchase order approval Number of, time processed 
Purchase order preparation Number of, time processed 
Quotation Number of, time processed 
Quotation follow-up Number of, time processed 
Request for Information (RFI) Number of, time processed 
Request for Quotation (RFQ) Number of, time processed 
Re-verification Number of, time processed 
Sampling Number of, time processed 
Scribe-and-break (chip separation) Number of, time processed 
Shipping Number of, time processed 
Software development Number of, time processed 
Surface cleaning Number of, time processed 
Thinning Number of, time processed 
Vendor assessments Number of, time processed 
Wafer bonding Number of, time processed 
Wet chemical treatment Number of, time processed 

 


