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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 rea-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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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 ill using the same traditional cost accounting

systems and processes that were devel oped 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 datain its reporting. Rather than just listing cost factors and assigning
them to products based on artificial alocations, 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’stime is spent and, in detail, what the organization does and how it doesit.

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 proposesis a lightweight,
afully 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



decisions. Y et 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 Restrictions

The purpose of this study is to examine the possibilities of an accurate ABC in aholistic
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 focusisin Activity-Based Costing, aso 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



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 Structureof 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 aliterature 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, atheoretical 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 (I T)-infrastructure, some key parts of company’s
IT environment are presented in the study. The purpose of the implementation part is to
apply the theoretica 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.



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.
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)
)
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Chapter 7
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Figure 1. Structure of the study




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 Pam 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).



Sinceits 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 1SO 9001:2000 and 1SO 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 - Telecom - All
- Medica - Datacom
- Defense - Cable TV
- Space - Defense
- Space
Segments DPSSL, Materias 10GBASE-LRM, Range finding,
processing, Printing, 1G/10G Ethernet, Harsh environment
Fiber lasers, PON, Fiber optic lasers (space, oil-
Photodynamic test and exploration etc.),
therapy, Diagnostics, | measurement, Intra- | Customized
Range finding satellite services
communications (mammography,
dental x-ray etc.),
Physical - Chip-on-carriers - Laser chips - Lasers
products - Unmounted bars - TO-can lasers - Detectors
- TO-can lasers - Coaxial lasers - Services (design,
- Pigtailed lasers - TOSA lasers manufacturing,
testing)
Wavelength | 6xx, 8xx, 9xx, 15xx 13xx — 16xx nm All
nm
Output power | 150 mW — 150 W <150 mW All
e | 4
S
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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]. Usudly 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

Managerial accounting

on entire organization

Audience External: Stockholders, Internal: Workers, managers,
creditors, tax authorities executives
Purpose Report on past Inform internal decisions made by
performance to external employees and managers; feedback
parties; contracts with and control on operating
owners and lenders performance
Timeliness Delayed; historical Current, future oriented
Restrictions Regulated; rulesdriven by | No regulations; systems and
generally accepted information determined by
accounting principlesand | management to meet strategic and
government authorities operational needs
Type of Financial measurements Financial plus operational and
I nformation only physical measurements on
processes, technologies, suppliers,
customers, and competitors
Natur e of Objective, auditable, More subjective and judgemental;
| nfor mation reliable, consistent, precise | valid, relevant, accurate
Scope Highly aggregate; report 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 contr ol Provide information about the performance of

managers and operating units

Strategic control Provide information about the enterprise’s
financia 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

12



financia 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

Generdly, 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.

13



2.3 Using Cost Information Inside the Or ganization

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 caled 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.

14



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 alocated 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 costsin 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].

15



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 overal 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 areal 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, al 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 aso 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 lessa
customized design. Some products are manufactured in large quantities, which may
provide a better price, but usualy a compromise in the design. Truly customized
products on the other hand provides better features, but for a higher price. Thisis 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 alaser chipsor 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 driversto 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].

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

policiesto its product designs and performance reviews [12].
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Figure 2. Overhead costs are allocated to cost objectsin two stages

As Figure 2 represents, the alocation is done in two stages [1]. It is similar to but more
genera 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. Especialy 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 M anagement

Cost Accounting Management Internationa (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.

Operationa 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, asa
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 Limitationsof ABC

ABC also hasits 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

itisnot aslarge 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 aso people may be against ABC. When one asks people what
they spend their time doing, sometimes people become defensive. Thisis 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 ideain 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 processin 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 ssmple as possible by limiting the number of cost
pools and cost drivers. A pilot project can be introduced initialy.
I mplementation 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 Categories 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 calcul ated.

22



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 basicaly 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 ldentifying Main Activities

The main activities (which cause overhead expenses) were taken from company’s MES,
formally caled Modulight Database (MLDB). Origindly 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 ML DB 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 potentia 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 avery detailed datafor further ABC analysis.

It is also important to notice that product driven and customer driven activities must be
separated in order to establish two individua 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 aso 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 ldentifying Cost Drivers

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.

Cost drivers should be reviewed periodically.

Everyone should be able to understand the cost drivers.

The cost drivers relevant for one individual or group should not be too many.
Daily operations should be managed on the basis of these key measures.

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

N o o &~ 0D

The selection of cost driversisacritical 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 donein a specified time period

2. Thetime 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 ayear 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
guotation 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) Matrix

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 Al.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 severa years and

it isused 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 Valuesfor Activities

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

M

TCA(i)=  Expense(j)* EAD(, j) 1)
j=1

Where
TCA(i) Total cost® of activity i
M Number of expense categories

Expense(j) Euro value of expense category |
EAD(i,j)  Entryi,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) Matrix

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
OCCO(i)= TCA(j)*ACOD(i,j) (2
j=1
Where
OCCO(i)  Overhead cost of cost object i
N Number of activities

TCA()) Euro value of activity j
ACOD(i,j) Entryi, 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 |
and the ratio (i,j). The resulting matrix (see Table A1.6) gives the total overhead costs

for each cost object item as well astheir 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 alocated 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 = %*80,000 =~ 7273
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Product B (volume 2000) overhead allocation = %*80,000 = 72,727

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 21273 _ 106.37 158,727 _ 79.36
2000

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 alocated solely on the basis of direct labor cost. Total overhead
to be alocated is 80,000 and the total direct labor

caculations.

Product A (direct labor 5000) overhead allocation = 1LW*SO,OOO =~ 36,364

Product B (direct labor 6000) overhead allocation = M*SO,OOO =~ 43,636

500

6000

Table 6. Total product costs calculated in adirect labor basis

11,000. Table 6 represents the

Product A Product B
Direct Labor 5000 6000
Direct Materias 9000 80,000
Overhead 36,364 43,636
Total Costs 50,364 129,636
Cost per unit % _ 5189 122%336 - ea82
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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:

Engineering resources spent on Product B:

Purchasing resources spent on Product A:

Purchasing resources spent on Product B:

Setup resources spent on Product A:

Setup resources spent on Product B:

45,000
5000

7000
3000

15,000
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.
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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 % = 405.00 % = 4950

3.6.4 Conclusion of the Differ ences Between the M odels

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 alocated 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;
acost isonly 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 thisthesisis 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 Interface 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 mgjority of ABC information comes from operational
databases and involves data management routines that are not suited to a genera ledger.
ABC output arises of integration of financial, non-financial and operational sources, as
the interest isin 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]:

Economics of data collection, update, and simulation
Reporting, including reconciliation and exception reporting
Modifying the parameters to define the nature of reporting
Ad hoc viewing, queries, and analysis

Analyzing to greater detail

o g~ w D PE

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
aform that the cost model can use. The driver datais 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 datais 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.



3.8 Integrated Cost M anagement and Financial Reporting

Typicaly integration can be accomplished with ERP systems that integrate and
coordinate al the maor business functions from purchasing and manufacturing to
financia 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, rea-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 actua 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.

Client Web Server

r —
Requast (URL) >,/ cal
Web —L-"f |l Scnpts

Browser \ e

<e5|:{-r'5e I:Cantarﬂ

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 generaly 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 Scripting

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 usualy 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

queriesinto data stores.

Asynchronous JavaScript and XML (AJAX) is a technology that combines the old
techniques (server and client side scripting) together. It alows 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 (11S). 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 auniversal 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 relationa databases only. The ODBC
architecture consists of four components [28]: (i) the Application Programming
Interface (AP1), (ii) the driver manager, (iii) the driver, (iv) and the data source. Figure

4 illustrates the architecture and how does the components interact.
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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 trandate the
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application® data queries into commands that the DBM S 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 isto
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.

Cliert Application
T ¥
ggg ADO
Y 1 / ¥
QDBC OLE DB
v |

Data Stare
Gl Server, Oracle, Access

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]. Basicaly 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 dituations where one needs to perform multiple, diverse operations on the

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

Provi der =val ue; Fil e Name=val ue;
Renot e Provi der =val ue;
Renpt e Server =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. Toretrieve arecordset 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, alows 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 Description

Dynamic L ets 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 afrozen 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 Source, ActiveConnection, CursorType, _
LockType, Options

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 afile 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)




The Record object is a dual-purpose object. It can represent a row in a recordset, but it
can aso represent a file or folder in afile 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 VBScript

VBScript is a short for Visual Basic Scripting Edition, a scripting language devel oped
by Microsoft. VBScript is based on the Visua Basic programming language, but is
much simpler. In many ways, it is similar to JavaScript. When VB Script was devel oped,
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



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 apair 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 fieldsinit.

<TABLE>
<% Whi | e NOT rsRecordset. EOF %
<TR>
<TD><%r sRecor dset . Fi el ds(“ Cust onmer | D’) . Val ue%</ TD>
<TD><%r sRecor dset . Fi el ds(“ Cust omrer Nane”) . Val ue%</ TD>
</ TR>
<% r sRecor dset . MoveNext () %
<% VEnd %
</ 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 hitsit hastaken.

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.



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 avariable as follows:

<%
Appl i cation. Lock
Application(“Visitors”) = Application(“Visitors”) + 1
Appl i cati on. Unl ock

%

The Session object represents an ASP session. Each time a new user connects t