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Abstract

Electronic commerce within and across nationa boundariesis universal. Most firms if
not all have problemsin one way or another with business process integration and
business model interoperability. On both theoretical and pragmatic levels, dueto
increasing diversity in web pages, services, data sources, and languagesin al
countries, developing a framework of cross national business to business integration
resolution isimportant at international, national, and intra-national levels. This study
will develop aframework and a method to explore the way in which technology and
strategy factors influence integration and interoperability over schema and semantics
in business-to-business integration electronic commerce.

Heterogeneity and interoperability are the key issues in business-to-business
integration. Electronic commerce standards are usually syntactic rather than semantic.
In the complex e ectronic commerce environment, the business model and business
process are not always the same, especially when facing cross national trading
partners. This means reviewing the business messages, vocabul aries, and data
dictionariesisinevitable when establishing each business-to-business connection.
Business-to-business integration hence seeks to reconcile the semantic conflicts
between messages, protocols, and catal ogues.

The purpose of the proposed study is to articulate a theory and practice oriented
model and method for cross nationa business-to-business integration el ectronic
commerce by exploring an analysis-driven schema and semantics resol utions among
business process integration and business model interoperability with emphasis on
RosettaNet and ebXML case studies to incorporate the multi-national corporate
culture, technology, and strategy. A framework illustration the ways modeling and
method that affects the cross national business-to-business integration electronic
commerce would represent and advance in theoretical development and practical
insights to scholars, professionals, and executives.

Keywords : Businessto Business Integration Electronic Commerce, Heterogeneous

Information Integration, Unified Modeling Language, Extensible Markup Language,
Ontology
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AN ONTOLOGY-ASSISTED ANALYSIS IN ALIGNING
BUSINESS PROCESS WITH E-COMMERCE STANDARDS

1. Introduction

1.1 Research Background

Internet has changed the way business conducted between companies worldwide.
Firms are now used to exchange business information electronically over Internet.
Since the mid-1990s, wave after wave of web technology standards emerge to
support the electronic business information exchange. Standards like Extensible

1
MarkupZLanguage (XML), Internet Electronic Data Exchange (I-EDI), RosettaNet ,

ebXML , Web Ontology Language (OWL), and Semantic Web (SW) surge and
sweep electronic commerce worldwide (W3C 2006) (RosettaNet 2006) (ebXML
2006) (OWL 2004). These standards impact on contemporary corporations in many
aspects. These standards are proposed to provide a uniform way of business
information exchange mechanisms. Semantic not syntactic integration emerges to be
the issue that hinders the plan and progress of business-to-business integration
electronic commerce (B2Bi EC), which in turn causes time, cost, and reinvention
every time there is a change in the public process, there is a change in the standard,
and there is a change in the partnership.

The traditional method to tackle the issue can be divided into the programming
(ad hoc) approach and the mapping table (syntactic) method. The programming
approach solves the problem in a one to one fashion but the result easily becomes the
unmanageable “spaghetti” chaos. The mapping table seems to be an easy and
convenient approach. However, it only deals with the specific data values not the
data definition. An exponentially growing number of trading partners emerge in
B2Bi EC. Programming is no longer an effective and flexible way. Mapping table is
too primitive and inadequate. The new complexity of data semantic in the business
information exchange makes both approaches even harder to tackle the problem
(Stojanovic et al, 2002) (Trastour et al, 2003). We believe that Internet growth
makes B2Bi climb to a higher level of exchange, that is, the exchange of business
meanings and business constraints. A knowledge-intensive and system-to-system

semantic integration model and method is in need.
1

RosettaNet is a consortium of major computer and consumer electronics, electronic components,
semiconductor manufacturing, telecommunications and logistics companies working to create and
implement industry-wide, electronic commerce and business process standards. RosettaNet is a
gubsidiary of GS1 US, formerly the Uniform Code Council, Inc. (UCC).

ebXML is a worldwide project initiated and driven by the Organization for the Advancement of
Structured Information Standards (OASIS) and the United Nations Centre for Trade Facilitation and
Electronic Business (UN/CEFACT). ebXML is to map out a common framework to enable
interoperable electronic commerce and business expressed in XML.

1.2 Research Issue

Business-to-business integration is to exchange business information between
different firms and interoperate the public processes over Internet. The traditional
ways of trading include telephone, fax, and email. These approaches introduce faults,
redundancies, and wastes. Electronic data interchange is a 1990s and
transaction-based approach. However, the change of EDI specification is neither on
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line or real time. EDI lacks the ability to quickly respond to business changes and
suffers from the scalability in the presence of an exponentially growing number of
users. Internet EDI is the next stage of B2Bi development. And new B2Bi standards
have been proposed based on XML. They indeed provide a more on line and real
time method than traditional EDI. However, companies still struggle with the
difficulty of heterogeneity and interoperability in the exchange and execution of
processes and protocols. In essence, an enhanced approach needs to provide the
technology compatibility and the knowledge representation.

Electronic commerce within and across national boundaries is universal. Most
firms if not all have problems in one way or another with business process
integration and business model interoperability. On both methodological and
pragmatic levels, due to increasing diversity in web pages, web services, data
sources, and programming languages in all countries, developing an analysis
framework of cross national B2Bi resolution is important at international, national,
and intra-national levels. This study will develop an analysis framework and a
method to explore the way integration and interoperability over schema and
semantics can be achieved in B2Bi EC. The dynamics of Internet and intelligence of
XML and ontology interplay with inter-organizational context, making it a base for
exploring the model and method.

Various approaches have been proposed to study B2Bi issues. However, they
lack the process perspective and the semantic representation. Their interoperability is
based on adhocracy. Much is needed in the systematic and methodological
enhancement. This research intends to tackle the inadequacy of B2Bi standard
implementation in forms. An ontology-assisted analysis framework is created to
reconcile and represent the conflicts and correspondences in the B2Bi EC issue.
Based on the literature, in general, B2Bi framework has three fundamental layers to
deal with (Cut et al, 2002) (Falkovych et al, 2003) (Gasevic et al, 2004). They are
the communication layer, the content layer, and the process layer. These layers
represent the important mechanism and management in B2Bi such as the coupling
among partners, the autonomy, and the security. In essence, they mean the
specifications of the message formats, the transport protocol, the procedure, and the
security mechanism.

2. Reserach Method

2.1 Analysis-driven Ontology Modeling

The research structure depicted in Figure 1 is the analysis framework we present
in the paper to illustrate the model and the method to be developed and deployed in
the B2Bi EC standards implementation. The framework is made up of the Unified
Modeling Language, the Extensible Markup Language, and the Ontology
technologies. Business process interoperability and business data integration are
considered the antecedents to B2Bi strategies. More in the framework, a set of
analysis procedures are proposed. We analyze the cross national business partners’
data schema and process model. We examine the electronic commerce standard in
the aspect of data semantics and process semantics. A set of heuristics and rules will
be created to represent the above analyzed process models and data schema in form
of syntax and semantics. The partners’ and the standards’ ontologies will be
separately developed using the rules and the heuristics. We will merge these

2



ontologies in order to reconcile their conflicts and correspondences. The resulting
merged ontologies are tested by the prototype system.

In the end, we hope there is an evolution step to be undertaken to reuse the
resulting ontologies. The trading partners can share the domain knowledge in the
future standard implementation. The following subsections describe the procedures
of the analysis framework and are divided into Step A through Step D. Step A
develops the domain ontology of the firm and of the trading partners. Step B creates
the domain ontology of the standards. Step C focuses on the ontology knowledge
representation for the firm and for the trading partners. Step D creates the ontology
knowledge representation of the standards.

Figure 1:

An Ontology-assisted B2Bi EC Alignment and Management Framework (This
Research)

Reuse, Manage, and Evolution
Cross Trading Partners’ Biz Model and Process
Analyze EC Standards’ Data and Process using UML
Merge Ontologies, “to-be”
Test XML and Ontologies
Model Standard Ontology using UML
Model Public Ontology using UML
Analyze Partners’ Data and Process, “as-is” using UML
Represent XML and Ontologies

EC Standards’ Biz Model and Process

+— et —et——f———
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2.2 Step A - Firm Public Process Ontology, “as-is”
A. to analyze the current business process, “as-is”

If we want to analyze the current process, in general, we initiate a meeting. The
meeting participants include the process owners and the process users. Through
interviewing users, we discover detailed information about the current processes.
The detail information contains the process goal, the process flow, the process user
role, the process input, the process output and others. This information should be
minuted. According to the meeting minutes, we draw the UML diagrams. If we
understand the current processes more, we can represent the process as in UML
without losing its semantics.

A.1 to design the use case diagram

Before we draw a use case diagram, we have to gather data. We analyze the
process actors, the process preconditions, and the process flow to fill out an analysis
form. Take the purchase order (PO) as an example. There should be two actors in the
purchase order process: buyer and seller. Before the buyer orders something, the
seller makes a request for a quote document from the seller first. Then, if the buyer
accepts the quote, he sends a purchase order to the seller. When the seller receives
the purchase order, the seller confirms the order. This scenario is the common and
simple one.

A.2 to design the sequence diagram

In a sequence diagram, we try to discover all messages that are exchanged in a
business process and in the purchase order. It can be extracted from the use case
diagram and the meeting minutes. In the purchase order example, the PO Request is
the first message to be sent from the buyer to the seller. When the seller receives the
order request, the seller should check the inventory to determine whether the firm
can fulfill that purchase order or not. Then the PO Confirmation is the next message
to be sent from the seller to the buyer.

A.3 to design the activity diagram

An activity diagram can show the flow from one activity to another activity. It
can represent the detailed process flow. We should find the information from
discussion at the meetings so as to develop the activity diagram. We need to discover
the detailed actions in the flow, the initial state, and the final state. We then continue
the PO example and finish the activity diagram. In this example, we have three



actions: request a purchase order, check inventory for this order, and confirm this
purchase order.

A.4 to design the class diagram

We try to extract a generic class construct from the use case diagram, the
sequence diagram, and the activity diagram. Again, we move on with the PO
example. First, we work on the use case diagram. We discover four components: the
two actors and the two use cases. We take the two major elements in the use case
diagram, Actor and Use Case, to form the two classes: Actor and Activity. Next, we
extract the class Message from the sequence diagram, because the sequence diagram
describes the message flow and the order flow between the objects. Then, we work
on the activity diagram which consists of several actions as described above. The
class Action can be extracted.

2.3 Step B — Standard Public Process Ontology, “to-be”
B. to develop the EC-standard-compliant business process

We use four UML diagrams to perform the work such as the use case diagram,
the sequence diagram, the activity diagram, and the class diagram. They are utilized
to model an EC-standard-compliant business process. The mapping methods
between the four diagrams are the same as in Step A. The difference between Step A
and Step B is the source of analysis. Step A focuses on the firm existing and current
public processes. We have to collect and examine them through interviews and
observations. We model the standard processes from B2Bi EC standard
specifications at Step B. Some B2B standards have the concept of process, but some
do not. If they do not, we should discuss this issue with the trading partners in order
to develop a new standard process specification based on the B2Bi EC
recommendation. Of course, some B2B standards have adopted UML diagrams to
present their standard processes in the specification. We can directly use them.

B.1 to design the use case diagram

We develop the use case diagram based on the B2B standard specification. A
B2B standard specification often describes the process purpose and the process
definition in the statements. We search and extract the basic components for a use
case from the process statements.

B.2 to design the sequence diagram

The B2B standards should specify the sequence of the exchanged messages. The
latest standards often adopt the sequence diagram to represent the sequence.
Therefore, we use the diagram provided by the standards. If the standards do not use
UML diagrams, we still can analyze the sequence of messages in the generic control
constructs.

B.3 to design the activity diagram

A B2B standard should formalize the public process flow. Such formalization
allows the partners to follow. We do not expect to manage many
different process flows with our trading partners in the real world. A B2B standard
provides the well-defined process flows. We can extract and formalize the defined
process flow from B2B standard specification.

2.4 Step C - Firm Ontology Representation



C.1 to capture the current B2B ontologies

In this study, we propose a heuristics approach to model the ontologies for the
firms and the B2Bi EC process and message. We build the ontology so as to describe
the firms” B2B domain knowledge. This domain ontology contains the basic classes
and properties. Every business process should fit in an ontology definition. We
define the basic B2B components and properties.

C.2 to model the current business document ontology

We analyze the core of the public processes performed between B2B partners.
The core means the message analysis. We then need to develop a process ontology
based on the semantics of the message analysis. The semantics refer to the context,
the meaning, the terminology, and the relationship in the business document
exchange process.

C.3 to reconcile the current business constraints

We may have constraints on each entity, each message, and each process. These
constraints have to be converted into OWL. After business process and document
ontology being created, we move on to build the EC standard ontology.

2.5 Step D - Standard Ontology Representation
D. to capture the EC standard’s ontologies

To build the EC standard ontology, we need to find out the B2B process
specifications and their business documents. The definition of each business
document is often encoded as DTD or XML Schema. We use the schema to create
these EC standard ontology.

D.1 to design the EC standard’s process ontology

Notice that not all EC standards require implementing all elements in the
specifications. Only the standards that are required in the partnership will be
converted into OWL classes. In this section, we develop a set of heuristics to address
the issue.

D.2 to model the EC standard’s document ontology per partner
The way to model the standard document ontology is the same as above. We
extract the data definition in standard to do the conversion.

D.3 to reconcile the EC standard’s constraints

The standard may have constraints on each entity, each message, and each
process. The trading partners in between may have their own practice constraints.
We extract to collect them and use the above procedures to convert them into OWL
object properties.

2.6 Step E - Ontology Merge

When initiating and implementing a new B2B initiative, we deal with new B2B
EC standards. Different business partners and different settings occur. Though we
have the existing ontology in the ontology repository, these new differences cause
the ontology mismatch and inconsistency. We need to resolve and merge these
ontologies including functions of (a) reading in ontologies, ontology updates, and
adaptations, (b) viewing a specific version or a variant of an ontology, (c)
differentiating ontologies, (c) checking the inconsistency in the ontology



combination.

In essence, the key to merge is to discover the differences and to generate the
correspondence rules between ontologies. The differences are like the instances of
the changes of class name, the addition or deletion of classes, the addition or deletion
of properties, and the mergence or split of classes. Though it is common to find new
conflicts and differences between new trading partners, there are common parts as
well to take advantage of as we discuss on the repeat rate and reuse. The hard part is
the more heterogeneous the ontologies are, the larger extent of change to be
implemented between the old and the new processes. Analysis gives us the parts of
the process to be changed and installed in the coming implementation. We adopt the
ontology of the B2B standard and merge the B2B standard ontology based on the
merge rules as listed in Table 1.

Table 1: Ontology Merge Rules (This Research)

Level Type Current | Standard Confli'ct' Merge Rules
(Old) (New) Description
Standard We keep the new class in
has a new the ontology. All the
class, which | properties of the new
doest not class should be retained,
exist in too.
None New current
process.
Schematic
conflicts
The current | If the old class will no
process longer exist in the future,
exist an old | we discard them; else we
. class, which | should add the old class
Existed | None
Class does not to the new ontology.
Level appear in
standard
process.
They are We reserve the old class
with the A and add it to new
Existed | New different ontolog-y. Then, we use
class names | the owl:sameAs to state
Class Class b
ut the the two classes are
. same equivalent. However, we
Semantic .
conflicts meaning use the class B usually.
They are We keep the name of the
with the new class. However we
Existed | New same class | change the name of old
Class Class name but class to another new
different name.
meanings.




There are

We use and adopt these

additional properties in the new
properties ontology.
in a class.
None New
Schematic
conflicts
There are We have to determine
deletion whether the properties are
properties no longer useful. If we do
in a class. not use these properties
any more, we discard
Property Existed | None them. We adjust the
Level minimum cardinality of
these old properties to 0
becausethey are not
necessary properties in
the new class.
They are We reserve the old
with the property A and add it to
Existed | New different new ontology. Then, we
Property | Property property use the .
names but | owl:equivalentProperty
the same to state the two properties
Semantic meaning are equivalent.
conflicts They are We keep the name of the
with the new property. However
. same we change the name of
Existed | New
property old property to another
Property | Property
name but new name.
different
meanings.

2.7 Step F - Ontology Representation
We have described the ontology representation in Step C and Step D. The
technique is used in the merged ontology.

2.8 Step G - Ontology Test

To verify the ontologies merged, we consider two issues, the syntactic test and
the semantic test. We test the syntactic of ontology through the ontology tool. It
automatically validates the inconsistency of syntax. The semantic test is to discover
the inconsistency between the database schema, the business processes, and the old




version of ontology. We extract the database schema and examine the consistency
between the business ontology. We compare the consistency between the trading
agreements in order to specify the business rules. We analyze the differences
between the new ontology and the real environment. The analysis results will be
used to adjust the business process to refine the merged ontology.

Figure 2 illustrate the Steps. As described above, we first discover the ontology
requirements in Step A and Step B. We then create the ontology from Step C and
Step C. We merge ontologies in Step E. Step F gives a merged representation. Step
G tests the syntax and semantics.

Figure 2: An Ontology-assisted B2Bi eCommerce Alignment Framework (This
Research)
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3. An Experimental Study

3.1 A Prototype System

In this research, we have developed an experimental prototype that implements
the presented B2Bi ontology development method. This prototype is built to
facilitate the illustration of the feasibility and the validity of the method. In this
section, we demonstrate an application of the prototype in two main electronic
commerce standards, the RosettaNet, a worldwide and vertical B2B standard; and
the ebXML, an OASIS and UN sponsored and horizontal B2B standard (RosettaNet
2006) (ebXML 2006) (OASIS 2005) (Hofreiter et al, 2002). Both standards are
installed worldwide because they cover the diverse electronic commerce practices.
We use these two major standards as the starter experiments in the illustration that
our new method is feasible and valid. Preliminary experimental results show that this
ontology-assisted method gives a viable resolution to the long-standing semantic and
syntactic issue in the implementation of electronic commerce standards.

In both experiments, we choose the purchase order process as the baseline to
illustrate a live case study of a large scale semiconductor component distributor. The



live case company is called company W. Company W is the number one distributor
in the Asia Pacific region since 2004. The purchase order process is the main
business process in their B2B EC. Company W since 2004 became quite concerned
with the various EC standards to be installed and among its cross-national suppliers
and customers. The time and efforts grow exponentially. At the same time, Company
W is troubled by a needed lift to the next level of performance of global supply chain
management. And B2Bi is the bottleneck of the performance and becomes the
compelling reason to reengineer the electronic commerce architecture.

An ontology-assisted B2Bi eCommerce prototype architecture as shown in
Figure 3 is developed in the experimental study. The B2Bi platform allows
enterprises to exchange business documents over Internet. It provides various and
common B2B protocols to connect the trading partners. It provides the ability to
streamline the business process and the adapters when linking with the various
enterprise information systems.

Figure 3: A Prototype Architecture of An Ontology-assisted B2Bi eCommerce
Platform (This Research)
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We build the research model of Step A through Step G into a prototype system.
The layers in the system are illustrated in Figure 4. The system provides a number of
main functions such as the DTD Importer, the Ontology Editor, and the Ontology
Display. Figure 5 illustrates the structure of the functions.

Figure 4: Layers in the Prototype System (This Research)
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Figure 5: Main Functions of the Prototype (This Research)
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3.1.1 DTD Importer
DTD importer parses the DTD that specifies the document format and transfers
DTD to ontology. The user can enter the output OWL file as shown in Figure 6. This
feature will transfer the file automatically. We will produce two groups of class and
one group object property. The classes are B2B_DataEntity and
B2B_ComposedDataEntity. The object property is B2B_BusinessProperty. The
DTD Importer will differentiate all entities from DTD file base on the nature.

Figure 6: The B2B DTD Plug-in (This Research)
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The DTD Importer also provides an ability to parse the entity’s metadata.
Through parsing the metadata, we can enrich our document ontology. This program
will read the entity information using a batch approach as shown in Figure 7.

Figure 7: The B2B DTD Importer (This Research)
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3.1.2 Ontology Editor

We build a process ontology template. The basic classes and properties of the
B2B process can use this template to develop the ontology as shown in Figure 8 and
Figure 9. Business constraints also can be edited through the ontology.

Figure 8: The Basic Classes of a Process Ontology (This Research)
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Figure 9: The Basic Properties of a Process Ontology (This Research)
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3.2 A RosettaNet Experiment

RosettaNet consortium (RosettaNet Consortium, 2004) is a non-profit
consortium of more than 500 organizations working to create, implement and
promote open eBusiness standards and services. RosettaNet tries to establish a
common language and a standard processes for the electronic sharing of business
information. In order to implement the experimental scenario, we install a set of
RosettaNet core specifications. We will explain each in the following sections. These
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core specifications include RNIF, PIP, and Dictionary.

We chose the RosettaNet Partner Interface Process™ (PIP) 3A4, the purchase
order request process, to be the experimental public process, which is mostly
implemented and installed. Purchase order process is corresponding to Company
W’s sales order flow. The PIP3A4 specification provides the details of the purchase
order process property and constraint. The structure and content of the business
documents to be exchanged in RosettaNet is specified in DTD and XML Schema.
We need to build the process ontology from the PIP specification and to create the
document ontology from the DTD and message guidelines.

Step A - to analyze the existing business process

We analyze the current business process of purchase order between Company W
and its buyers. In the use case diagram, we see two kinds of participants: Company
W and buyers. Company W has the partner role of “Seller” and customers play the
role of “Buyer”. In the sequence diagram, we see two business documents that are
exchanged. They are the “Customer Order” and “Customer Order Ack”. There are
three main activities in the sales order flow such as “Send A Customer Order”,
“Check Inventory” and “Confirm Customer Order”.
Step B - to develop the B2B EC-standard-compliant business process

The RosettaNet specifies PIP3A4 exchanging three messages such as
“PurchaseOrderRequest”, “PurchaseOrderConfirmation” and
“ReceiptAcknowledgment”. PIP3A4 further specifies two more activites, that
is, "Request Purchase Order” and “Confirm Purchase Order”. They represent the
standards to be complied with.
Step C - to represent the existing firm ontology
C.1 to design current business process ontology

Company W and its buyers are B2B_Partner. We add them as the instances of
B2B_Partner. The instance’s naming rule should be pre-established. We create the
domain ontology of each business process for Company W and its buyers. In Figure
10, we show the B2B_Process “Customer Order”.

Figure 10: Ontology Instance Creation (This Research)
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C.2 to model current business document ontology
We use the DTD importer in the prototype to convert and store the DTD files
into document ontology repository. The converted data result is shown in Figure 11.

Figure 11: Existing Public Process Ontology (This Research)
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Step D - to represent B2B EC standard ontology
D.1 to design RosettaNet process ontology

The PIP3A4’s ontology is built from the standard specification. The PIP
restrictions must be considered. For example, the PIP3A4 specification defines when
to enable a buyer to issue a purchase order and when to enable a seller to
acknowledge the receipt of order, and even down to the line item level. No matter
how and if the order is accepted, rejected, or pending. The provider's
acknowledgment must include the information about delivery expectation. Further,
when a provider acknowledges that a product line item on the purchase order
document is “pending”, the provider must later use PIP3A7, "Notify of Purchase
Order Acknowledgment™ to notify the buyer when the product line item is either
finally accepted or rejected. The PIP specification also describes the process start
state to be one of the following: Purchase Order Request Exists, TPA EXists,
Requesting Partner Approved, Responding Partner Approved, Buyer Authorized,
Purchase Order Request Valid, or Purchase Order Request Non-Repudiated as
shown in Figure 12. One of the above must be returned as the initial date started.

Figurel2: Newly Generated Classes and Properties (This Research)
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D.2 to model RosettaNet document ontology

The PIP3A4’s DTD files and message guideline give the details of each entity in
the standard document. We again use the DTD importer to convert and load the
specification. We edit the constraints for each entity. The DTD importer can
intelligently determine and set up the business property domain and domain range
properly. A RosettaNet PIP definition can be added as the instance’s comment as
shown in Figure 13.

Figure 13: Created Instances of PIP3A4
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Step E - to merge ontology

In the merge of ontologies, the purchase order has a unique number as the
identity of the order. In this experiment, the current purchase order number is named
“orno”. However PIP3A4 uses the field “ProprietaryDocumentldentitfer” as the
purchase order number. We resolve the inconsistency via link analysis.

When we generate the current business ontology and the B2B standard ontology,
we can merge them in the system. Although Protégé provides the merge, we need to
adjust the detail correspondence rules to link the relationship between two ontologies.
The ontology editor provides the test function helps us check the ontology
consistency. The purchase order usually has a unique number as the identity of the
purchase order. The current order number is named “orno”. However, PIP3A4
names the field as “ProprietaryDocumentldentitfer”. We use the owl:sameAs to link
these two classes as equivalent.

Step F - to represent ontology

We generate a set of HTML files that contain the content of ontology. Users
browse the ontology in a user-friendly interface. It minimizes the risk of ontology to
be altered. With the hyperlink, we can trace any related classes and properties.

Step G - to test ontology
We validate the ontology with the Protége test ontology function.

3.3 An ebXML Experiment

The second experiment we have conducted is a realization of ebXML in the case
of purchase order. eb XML (ebXML, 2004) was started in 1999 and developed by the
Organization for the Advancement of Structured Information Standards (OASIS).
OASIS is a non-profit, international consortium that drives the development,
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convergence, and adoption of eBusiness standards. The consortium produces more
Web services standards than any other organization along with standards for security,
eBusiness, and standardization efforts in the public sector and for
application-specific markets. Founded in 1993, OASIS has more than 3,500
participants representing over 600 organizations and individual members in 100
countries (OASIS Consortium, 2004). ebXML is a modular suite of specifications
that enables enterprises of any size and in any geographical location to conduct
business over the Internet. By using ebXML, companies can exchange business
messages, conduct trading relationships, communicate data in common terms and
define and register business processes. In order to implement the experimental
scenario, we install a set of ebXML core specifications. We will explain each in the
following sections. These core specifications include the business process, the core
component, and the collaboration protocol profile and agreement.

Steps A, B, C from the method are similarly applied in the ebXML experiment.
The main difference is in Step D where we explain the procedure of transition. The
difference is when we try to model the ebXML standard specification in ontology.

D.1 to design eb XML process ontology

ebXML uses Business Process Specification Schema (BPSS) to model business
processes. In modeling the process ontology, we utilize the sequence diagram and
the activity diagram. The BPSS specification specifies a Business Transaction, a
Business Document flow for the Business Transaction, a Binary Collaboration, and
then a Choreography for the Binary Collaboration. A Business Transaction in
ebXML is the basic transaction unit between two partners. It consists of a
Requesting Business Activity and a Responding Business Activity. A Binary
Collaboration is always executed between two roles. They are called the Authorized
Roles because they represent the actors that are authorized to participate in the
collaboration. A Binary Collaboration consists of one or more Business Activities.
These Business Activities must be conducted between the two Authorized Roles in
the Binary Collaboration. A Choreography is an ordering and sequencing of
Business Activities within a Binary Collaboration. The choreography is specified in
terms of the Business States and the Transitions between these Business States. In
the purchase order process example, we know it has two activities: Purchase Order
Request Action and Purchase Order Confirmation Action. Both can be extracted
from the BPSS sample file. We further know that if the activity is authorization
required or non repudiation required. Below is the converted OWL scripts.

D.2 to design eb XML document ontology

The ebXML document ontology is created in use of the ebXML core component
specification. The core component can be used to create the classes and the
properties and be converted into ontology. The eb XML document ontology needs to
incorporate existing DTD or existing XML Schema in order to support each
component conversion. The ebXML core component in the standard ontology
corresponds to the basic data entity in the domain ontology. The core component
represents the same meaning as the data entity in the domain ontology. The ebXML
aggregate information entity, on the other hand, stands for the composite data entity
in the domain ontology. Because BPSS is also UML-based, the set of UML diagram
such as the use case diagram, the class diagram, the sequence diagram, and the
activity diagram our method recommends are adopted. Hence, the correspondence
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and reconciliation will occur early at the analysis phase and will be carried out in the
merge of standard ontology and domain ontology. For ebXML, the actual document
definition is achieved using the ebXML core component specifications or by some
methodology external to ebXML. They in turn are converted into a DTD or a XML
Schema. BPSS specifies the specification name as “PurchaseOrderReques.dtd”.

We only need to get this DTD file and import it. A business document has three
types of components. They are the basic data entity, the composite data entity, and
the business property. The ebXML consists of: Core Component Type (CCT), Basic
Information Entity, and Aggregate Information Entity. CCT are core components
that carry the actual value and have no business meaning on their own. A Basic
Information Entity is a singular concept that has a unique business semantic
definition. A Basic Information Entity adds a semantic meaning to a single datatype
or a CCT. When CCTs are reused in a business context, they become Basic
Information Entities. An Aggregate Information Entity contains two or more Basic
Information Entities or Aggregate Information Entities that together form a single
business concept. Each Aggregate Information Entity has its own business semantic
definition.

4. Discussion

4.1 Research Implication

The first set of literature investigating the issues of aligning the business
processes with the business-to-business electronic commerce standards are described
in (Omelayenko, 2001) (Stojanovic, Maedche, Motik, and Stojanovic2002) (Bussler,
Fensel, and Maedche, 2002). They represent the earlier efforts working on the
programming to approach the interface between the trading processes and new
standards. This ad hoc programming approach was primitive and exploratory. Later
in the literature survey, (Ding, Fensel, Klein, Omelayenko, and Schulten, 2004), the
time when there were more business-to-business middleware systems in the
marketplace, the researches gear toward to solve the issue of conversion and hub in
the middleware system. Another important stream of literature presented in (Choy
and Kim, 2004) (Cao, Zhang, and Seydel, 2005) addresses the integration aspect of
the alignment. These studies relate to ours. They perceive the issue as a process and
performance issue in the supply chain management. In (Hsieh, Lai, and Shi, 2006)
(lyer, Gupta, Johri, 2005) the process issue is further examined with mathematics to
model the business operation.

In 2004 and 2005, we tested new PIPs including PIP3B18, PIP3B2, and PIP4C1
in the live case experiment. Each PIP took one month to three months instead of six
months as in the prior years. The IT division assigned four full time system
engineers instead of six to deliver the implementations. Figure 14 shows the
equivalent classes generated from the PIP3A4 standard. Figure 15 gives the
equivalent properties in the test.

Figure 14: Equivalent Classes
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4.2 Managerial and Technical Implications

We summarize the managerial and technical implications into five points.
Ontology is a more powerful technology on semantics and context. A mapping table
is simple but lacks the ability to scale. It is a way of “mapping of terms” not an
approach to “mapping  of sense”. Ontology allows systems to discern the “one to
one”, the “one too many”, and the “many to many” correspondences. It allows the
systems to undertake the complex conversion such as the situation when there are
same terms but with different meanings; different terms but with same meaning;

I'|13| quIvalerts )
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different terms but with different meanings yet close. Ontology can support an
automation of the evolution of the terms, the concepts, and the relationships. The
relationships between the new terms and the corresponding old terms can update
automatically. Ontology is the base of reasoning.

The analysis framework and ontology enables the deployment of a new B2Bi EC
standard initiative to be installed and operated in an effective and efficient fashion.
Though RosettaNet PIP message defines many business entities, but there are many
repeating entities in different PIPs. RosettaNet PIP3B2 is an example of the
shipment notification process which specifies 120 business entities and properties.
PIP3A4 is another example that has 143 business entities. However, there are 59
repeating business entities between these two PIPs. The repeat rate is above 49%. In
fact, the more related the processes are, the higher the repeat rate will be. We must
take advantage of the repeat rates. The repeat rate of entities between PIP3A4 and
PIP3AS8 is as high as 92%, almost identical. As new processes are continuously and
constantly added to our ontology, the ontology must become more robust. The work
of ontology creation becomes more automatic and less labor intensive. At the same
time, the new knowledge extracted from the new ontology can be captured. Trading
partners regularly collaborate and contribute to the reconciled and merged ontology
which in turn forms a semantically rich repository in support of the reasoning, the
inference, and the search of organizational learning. By enhancing and enriching the
shared ontologies, we can deploy a new B2Bi EC initiative in a more effective and
efficient manner.

A special function to transfer data model from DTD and XML Schema to OWL

is

useful. A prototype of parser and converter to handle XML documents in the
creation of

ontology is needed.

5. Conclusion and Future Work

5.1 Conclusion

In this paper, we have presented an ontology-assisted analysis method and
alignment model in the implementation of the business-to-business electronic
commerce standard specification over the existing trading partners’ public processes
in the syntactic and semantic integration and interoperability. An application of the
Unified Modeling Language is made to analyze the public process in the domain and
in the standard. Terms, concepts, relations, and links are created from the analysis
results and converted into an ontology representation. Web ontology language is
introduced to formulate the analyzed knowledge and experience to align the domain
and the standard. There are correspondences and conflicts in the process of
alignment. They are resolved via the shared and reusable ontology which is a
convergence of the domain ontology and the standard ontology. The converged and
shared ontology is achieved via a set of rules and heuristics that are created in the
research. The key of success in the business-to-business integration electronic
commerce lies on the ability to accomplish the process interoperability and the
schema comparability. Three main tasks have to be achieved to fulfill the
requirements. In this research, we have constructed a prototype to implement the
method. The prototype is used to illustrate the feasibility and validity of the method.

A set of starter experiments has been conducted in use of a straight through
example of a purchase order process in the alignment with the RosettaNet standard

23



and the ebXML standard. The starter experiment serves as the baseline to
demonstrate the method is feasible and valid. The three main things we have
accomplished in the research are :

Identifying the main components of knowledge and experience to be reconciled and
to be represented in the alignment of the standard ontology and the domain
ontology.

Developing the set of rules and heuristics for the ontology correspondence and
reconciliation.

Designing an experimental prototype to implement the method and to demonstrate
the feasibility and the validity by selecting two main electronic commerce
standards as the baseline test. The RosettaNet experiment represents the vertical
electronic commerce standard. The ebXML experiment stands for the horizontal
electronic commerce standard.

5.2 Future Research Work

The future research work will continue to explore the complex issues of the
alignment and automation between domains and standards. Some of the immediate
tasks to be undertaken in our study include :

Enhancing the ontology search and inference capability. As the rule base and
heuristics base grow, search and inference engine become slow in the ontology
management. Tuning and enhanced rules must be developed.

Upgrading the DTD importer to import XML Schema and to enable the conversion
between XML Schema and OWL representation. This will solve the version
control issue.

Conducting more diverse and complex experiments in terms of scale and scope.
More experiments will be conducted in the public processes of receiving and
payment that are closely related with the public process of purchase order.
RosettaNet and ebXML will still be the main standards.
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Services economy dominates the research and development activities in the
industrialized nations. More and more corporations in the manufacturing sectors
identify a huge growing share of revenues and profits coming from the service units,
not to mention the existing strong growth of service businesses in many sectors such
as financial, banking, information, and retail sectors. Service innovation, growth,
productivity, and valuation is critical and of great relevance to government, industry,
business, and academia. The growing commoditization of service activities has
gradually transformed the market competition from quality of services to the creation
of experience economy. Software as service and business on demand represent the
new waves of value generating in IT industry.

Services science begins to have contributions from different research fields (e.g.
Information Management, Social Science), different institutions (universities, research
laboratories, companies), different application fields (e.g. e-commerce, e-business,
e-industry, e-government), different work cultures (e.g. academia, industry; software
engineers, researchers), different parts of the world (Asia, Australia, North America,
Europe), and different user groups (e.g. everyone, special jobs, special needs). As a
consequence, the competitive edge of an enterprise now depends on the innovative
collaboration and co-production of knowledge workers in industry and academia, and
the application of science, engineering, business, and management.

The purpose of the study is to articulate a methodological and practice oriented
framework and model through the study approach of survey, interviews, case studies,
and experiments, to explore the ways in which research and development activities
and factors influence the integration of innovation, technology, and strategy over the
services science and economy. An analytic framework illustrating the ways how
novel ideas and problem solving capabilities are formed and fostered in the context of
research and development activities within and cross organizations will be created.
An initial model representing the approaches how an advance in theoretical research
and practical development in software service and business service is achieved will be
developed.

This research project is financially sponsored by National Science Council.
Based on my past interview and case study experience, | estimate the possible facility
and resource | need at IBM Almaden Services Research is as follows.

1. Duration of study: approximately from July 1, 2008 through September 15, 2008



2. Persons to interview: 8 to 10 researchers and scientists in services science
research and development

3. Interview time: one hour to one and half hour each time
A work space, the computer/Internet access, and the library access would be
greatly appreciated.

1. Anderson, James C., Nirmalya Kumar, JamesA. Narus (2007) Value
Merchants: Demonstrating and Documenting Superior Value in Business
Markets. Harvard Business Review. Boston, MA.

“Purchasing managers in business markets are becoming increasingly sophisticated in
their strategies and tactics. Increasingly held accountable for reducing costs,
purchasing and other customer managers don’t have the luxury of simply believing
suppliers’ claims of cost savings. A relatively easy and quick way to obtain savings
is for purchasing managers to focus on price and obtain price concessions from
suppliers. To enhance their negotiating power, purchasing managers attempt to
convince suppliers that their offerings are the same as their competitors — that they
could be easily replaced. In the face of such pressure... suppliers cave in and match
competitor prices. It is rare commodity in business markets to find firms that do
business based on demonstrably superior value.” (Pg. 3)

“Suppliers must adopt a philosophy of doing business based on demonstrated and
documented superior value and implement that philosophy using an approach we call
customer value management. Customer value management is a progressive,
practical approach to business markets that, in its essence, has two basic goals: 1.
Deliver superior value to targeted market segments and customer firms, 2. Get an
equitable return on the value delivered.” (Pp. 3-4).

“By ‘demonstrate,” we mean showing prospective customers convincingly beforehand
what cost savings or added value they can expect from using the supplier’s offering
relative to the next-best alternative. Value case histories are one tool that best
practice suppliers...use to accomplish this. Value case histories are written accounts
that document the cost savings or added value that reference customers have received
from using a supplier’s market offering. Another way best practice firms...
demonstrate the value of their offerings to prospective customers is through customer
value assessment tools, which we term value calculators. These tools are
spreadsheet software applications that salespeople or value specialists conduct on



their laptops as part of a consultative selling approach to demonstrate the value that
customers likely would receive from their offering... Thus suppliers work with their
customers to define the measures on which they will track the cost savings or
incremental profit produced and then, after a suitable period of time, work with
customer managers to substantiate the results.” (Pp. 5-6).

“Qur approach to customer value assessment focuses the supplier’s and customers’
limited resources on the value elements — that is, specific ways the offerings reduce
customer costs or enable the customer to earn additional revenue and profit — that
matter most and assessing them in the way that matters most... The guiding
principle is to generate new knowledge, not recycle opinion.” (Pp. 8-9).

“In recent years, the terms value and value proposition have become two of the most
widely used terms in business markets. While these terms are fundamental to our
customer value management approach, our research reveals that despite their growing
use, there is little specificity or agreement about (1) what is value, (2) what constitutes
a customer value proposition, and (3) what makes a value proposition persuasive..”
(Pg. 12).

“Value in business markets is the worth in monetary terms of the technical, economic,
service, and social benefits a customer firm receives in exchange for the price it pays
for a market offering... Thus, we conceptually view a market offering as having two
elemental characteristics: its value and its price... Finally, we contend that customer
value in business markets is a comparative concept in which customers assess the
value of a given market offering relative to what they regard as the next-best
alternative to it. There always is an alternative. It might be: 1. A market offering
from a competitor... 2. the customer’s decision to source an item from an outside
supplier or make the item itself... 3. The status quo (i.e., not doing anything)... 4. The
most recent offering from the same supplier...” (Pp. 24-25).

“The difference between value and price is the customers incentive to purchase.
Remember, in this concept of value in business markets, raising or lowering the price
does not change the value that offering provides to a customer firm. Rather, it
changes the customer’s incentive to purchase the offering... And recognizing that the
value of a given offering can vary by segment and by customer characteristics is
vital.” (Pg. 27).

“Points of parity, points of difference, and points of contention are the inputs for



developing the suppliers firm’s value proposition.” (Pg. 30)

“The resonating-focus customer value proposition consists of the one or two points of
difference, and perhaps a point of parity, that deliver the greatest value to the target
customer.  This proposition differs from the favorable-points-of-difference
proposition in... significant respects. First, more is not better.” (Pp. 34-35).

“To generate some creative ideas that might substantially improve an offering’s value
to customers, consider the set of questions that Professors Chan Kim and Renee
Mauborgne offer to promote out-of-the-box thinking.  Specifically, supplier
managers, salespeople, and field technical representatives should be asked to answer
the following four questions with respect to the present offering or the existing value
proposition: 1. Reduce. Which value elements should be reduced well below industry
standard? 2. Raise: Which value elements should be raised significantly above the
industry standard? 3. Eliminate: Which value elements that the industry has taken for
granted should be eliminated? 4. Create. Which new value elements should be
created that the industry has never offered?” (Pp. 46-47).

2. Jagannathan, Sridhar, Jay Srinivasan, and Jerry L. Kalman (2002) I nter net
Commerce Metricsand Modelsin the New Era of Accountability.  Prentice
Hall. Upper Saddle River, NJ.

“Emergence of Services: Outsourcing as a Way of Life. One of the most interesting
aspects of the Internet evolution is the proliferation of new and different services, so
much so that the “service provider’ label is now a standard part of the Internet
vernacular... Fundamentally, the Internet allows merchants to expand value in
modular and spatially distributed ways. Each module of service, as we will see,
gives rise to a set of vendors specializing around a service. Thus, it is no longer
necessary or even prudent to consolidate one’s physical and human resources in
company-owned and operated locations.” (Pg. 16).

“Organization of the Book. Overall, this book is designed to provide a framework
for how to understand and cope with many issues that arise in building and sustaining
an electronic commerce business by examining prevalent business models on the
Internet. More specifically, the intent is to provide details about the ways to build
business models that can then be pieced together in a building-block fashion to
construct, understand, and analyze complex business relationships in the new world of



electronic commerce. In the early chapters we set up a framework that establishes
benchmarks you might use as a starting point for evaluation...Finally there is a trial
analysis of a sample company we call Ebiztro.com to show how all can be brought
together.  Assembling these units into a cohesive view of an enterprise is achieved
by defining the online business model in terms of four horizontal stacks and one
vertical stack. The four horizontal stacks are platform, content, community, and
commerce... The vertical stack is services, which provides value for each of the
horizontal stacks. Metrics and examples to illustrate what we refer to as atomic
business models are provided wherever possible.  Services are vertical because they
can be introduced into every horizontal stack, usually when a make versus buy
decision is at hand. Services are pervasive throughout the new economy, and they
potentially touch every enterprise that uses online processes and technologies.
Integrating services and service providers shortens time to market and often reduces
capital costs.” (Pp. 22-23).

“The Service Providers. One of the most fascinating aspects of value creation on the
Internet is the broad spectrum of Service Providers, many of whom owe their
existence to perceived online merchant needs. Service providers create a wide range
of outsource capabilities that allow an online player to substitute owned assets or
internally performed units of work with those that are externally contracted or carried
out. The outsourced services in every aspect of business provide individuals,
entrepreneurs, small businesses, and large businesses with new options on the way an
atomic business functionality is achieved. All of which boils down to a simple
consideration: Is there an external alternative in every specific, narrow aspect of
business? The remarkable answer is an impressive YES!... As a consequence, the
Internet now allows the creation of completely ‘virtual’ businesses that can own
almost no infrastructure, no physical assets, no unique content, and no employees
other than the owner, and yet are able to earn real revenue. Is this possible.
Absolutely.” (Pg. 55).

“A full business is created to relate its mission to daily operations. We take it to the
next level by relating the metrics of the business model to profitability of the
company... Inessence, a for-profit business is a machine whose ultimate design and
purpose is to serve customers. As a reward for doing so, it must then make money
for its shareholders and satisfy the requirements of incorporation, promote employee
well being, and meet the community responsibilities. Such an economic engine
always has a final report card of how its capital is utilized. The resulting machine is
designed to implement the intent of the business, or goals and objectives... The report



card is return on assets or capital employed.” (Pg. 313).

“Comprehension of all possible manual and automated business activities is achieved
through business process mapping. Business process mapping can be carried out to
considerable levels of granularity to include all software and human steps.” (Pg. 321).

“Appendix. Categorization of Selected Internet Companies.” (Pg. 353).

Selected list of figures and tables:

Figure 2.1 The Five-Stack E-Commerce Model
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3. Ricketts, John Arthur (2008) Reaching the Goal: How Managers Improve
Services Business Using Goldratt’s Theory of Constraints. |IBM Press.
Pear son plc. Upper Saddle River, NJ.

“We are all avid consumers of services, yet we seldom think much about where those
services come from. Services are often like background music: Most are barely



noticeable unless disrupted. How much we rely on services becomes painfully
evident when power goes out, the planes stop flying, phone go dead, paychecks are
late, hospitals are filled, day care is closed, water is shut off, Internet connections are
lost, restaurants are closed, mail isn’t delivered, 911 emergency lines are jammed, or
automatic teller machines are down.  When a disaster causes multiple service
disruptions for an extended period, life gets really hard, really fast.  In developed
economies, service providers are by far the largest employer, yet surprisingly few
employees have a deep understanding of what it takes to provide service.” (Pg. 4).

“Services that seem straightforward can be immensely complicated beneath the
surface. Consider dmple calls to customer service... When you add it all up,
seemingly simple calls to customer service can easily cost 100 times more than it
costs for the customers to accomplish the same inquiries or transactions by themselves

via kiosks or the Internet. No wonder service providers love customer self-service.
(Pp. 4-5).

“Of course, some service are difficult or impossible to accomplish via self-service.
Complex services may require special tools and materials, but they often require
expertise. For example, professional services include medicine, law, engineering,
architecture, accounting, and finance. Scientific services cover biology, chemistry,
physics, astronomy, sociology, psychology. And technical services include
installation, maintenance, repair, operations. Professional, scientific, and technical
services are the most highly customized of all services, which means that demand for
these services is not easily predicted, and service delivery is not easily automated.”

(Pg. 5).

“Despite the rise of services, the services management field is still based largely on
foundations that can be traced back to the industrial era. Where there are clear
parallels, such foundations are a natural fit. But as the services sector has grown in
size, it has also grown more diverse, more distributed, and considerably more
complex. Enterprises in the services sector now face challenges — and
opportunities — that have no clear precedents in industry. Management foundations
from the earlier era are thus showing their age. In general terms, this book is about
service management that embraces diversity, distribution, and complexity. In
specific terms, it’s about the adaptation of a highly regarded management approach
from its roots in industry to the furthest corner of the services sector. That
management approach is the Theory of Constraints. The furthest corner of the
services sector — services least like industry — is Professional, Scientific, and



Technical Services.” (Pg. 7).

“Theory of Constrainsts. Theory of Constraints (TOC) gets its name from the fact
that all enterprises are constrained by something. If they weren’t, they could grow as
large and as fast as they wanted...  So the first step in applying TOC is to figure out
precisely where the constraints are... The second step... is to utilize the constraint
to its fullest extent... The third step... is to make sure that nonconstraints keep the
constraint busy — but otherwise stay out of the way... The fourth step... is to improve
the productivity of the constraint because lifting its performance is the only way to lift
the office’s performance... The final step in applying TOC is to repeat the previous
steps.” (Pp. 8-9).

“Services as Available Versus Services On Demand. Much of the published research
on services management pertains to highly repeatable, transaction-oriented services
such as retailing, banking, food, hospitality, transportation, and public services.

There is some coverage of semi-repeatable, case-oriented services such as health care,
social assistance, and education. Less common, however, is published research on
services management for highly customized, project-oriented services such as
consulting, engineering, architecture, accounting, and research.” (Pg. 22).

“...itis helpful to understand a few other terms used in PSTS [Professional Scientific
Technical Services]: Project — A set of finite-duration tasks that must be performed in
a specified sequence to produce a desired result within a prescribed time and budget,
such as building an information system. Deliverable — Things created by projects,
such as consulting reports or computer software. Process — A set of activities
performed continuously or on a frequently recurring schedule over an indefinite
period, such as preparing paychecks. Service level — The results of a process, such
as its cycle time, quality, and cost.  Client — A customer of a service provider.
Solution — A combination of products and services that solve a client’s problem.
Engagement — An agreement (contract) between a client and a service provider to
deliver olutions. Practice — A unit within the service provider that specializes in
delivering particular solutions or service particular clients.” (Pp. 25-26).

“Conflict Resolution. One way TOC uncovers leverage points is to identify and
resolve fundamental conflicts... As you will see, these services conflicts can be

resolved without compromise.” (Pp. 30-31).

“The underlying assumption is that anything less than high utilization on every



machine and every worker represents a lost opportunity for poduction. Though
appealing, this assumption is flawed. For one thing, producing goods that customers
won’t buy is wasteful, no matter how high it drives utilization. Yet even when
customers will gladly buy what’s produced, the push for universally high utilization
overwhelms the constraint. Somewhere in the production process is a step that
cannot produce as many units per time period as the rest of the steps. That’s the
constraint... What’s far harder to do is change the perception that high utilization
everywhere is a good thing. The belief that local optimizations somehow add up to
global optimization is strongly held. Until this policy constraint is broken, however,
the physical constraint cannot be managed.... ... the constraint.  It’s also called the
drum because it sets the pace for the rest of the steps. That is, upstream steps will
occasionally be idle — have less than full utilization — so they won’t overwhelm the
constraint with work.  And the downstream steps will likewise occasionally be idle
because they’re waiting for the constraint to complete its step. But if all goes well,
the constraint itself will have consistently high utilization, excess WIP [Work In
Progress] will disappear, and more orders will ship on time.”  (Pp. 36-37).

“A central benefit of DBR [Drum-Buffer-Rope] is to change the production process
from push to pull.  Nothing gets produced unless there’s a market for it. Market
pull through the internal constraints then optimizes production while minimizing
inventory... Replenishment. Replenishment (R) is the TOC application for
distribution... Replenishment is also called the TOC supply chain solution because
one enterprise’s distribution chain is often another’s supply chain.  Of course, calling
them *chains’ is not entirely accurate because they are increasingly complex
networks.” (Pp. 40-41).

“Critical Chain. Critical Chain (CC) is the TOC application for project
management... The following review of the state of the art compares Critical Chain to
the older and still dominant project management method, Critical Path... Frequent
shifting between tasks in order to create the appearance of simultaneous execution is
called multitasking. A widespread assumption is that it increases productivity, but
this assumption is faulty for a couple of reasons... This is yet another example of how
local optimization everywhere does not create global optimization.” (Pp. 47-49).

“Throughput Accounting. Throughput Accounting (TA) is the TOC application for
finance and acounting... The following review of the state of the art compares TA
to the older and still dominant management accounting method, Cost Accounting
(CA)... Activity-Based Costing (ABC) is a relatively recent variant of CA designed to



be a better way to allocate costs... TA addresses all these problems via a different
measurement approach: It does not use product costs but eliminates incentives for
excess inventory, and it reverses typical management priorities. TA is not, however,
a substitute for conventional financial reporting because publicly traded companies
must comply with generally accepted accounting principles (GAAP). Fortunately,
TA can readily reconcile with GAAP reporting even though TA is a different approach
to managing accounting... TA begins with three financial measures: Throughput (T) -
The rate at which money is generated through sales or interest. It is computed as
revenue minus totally variable costs (TVC). Inventory (I) — All money invested in
things intended for sale. IT includes totally variable costs such as material, plus
resources used in production such as land, machines, trucks, and computers. The
more conventional term, Investment, is sometimes used instead of Inventory.
Operating Expense (OE) — All money spent turning Investment into Throughput. It
includes direct labor, rent, and labor, plus selling, general, and administrative (SG&A)
costs.” (Pp. 53-56).

“Implication for Services. Despite their obvious differences, industrial and services
enterprise all have constraints... First, TOC is concerned with inventory, but what
constitutes inventory in a services business can be harder to pin down... Second,
services in general are less repeatable than industry, and Professional, Scientific, and
Technical Services are the most customized of all.  When services and the steps they
require change often, finding the constraint may require more than a little detective
work. And by the time the constraint is located, it may hop elsewhere in the
business. Third, service markets are moving away from services as available to
services on demand. Even services businesses that historically operated with an
internal constraint more often face a market constraint as technology and competition
make alternatives plentiful and flexible... Finally, the degrees of freedom in
delivering services can be greater than in manufacturing — particularly when the
services depend on creativity. Resources with different skills and experiences
sometimes deliver services that are virtually indistinguishable when given the right
tools and coaching.” (Pp. 60-61).

“Summary. Drum-Buffer-Rope (DBR), Replenishment (R), Critical Chain (CC), and
Throughput Accounting (TA) are four standard applications comprising Theory of
Constraints (TOC)... DBR is the application for operations... R is the application for
distribution... CC is the application for engineering... TA is the application for
finance and accounting...” (Pp. 62-63).
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“Interface constraints are, however, neither external nor internal. They exist literally
at the interfaces between the service provider and its clients, its subcontractors, its
service partners, and its recipients if they are separate from the clients. If the client
IS a business, the recipients may be its customers, suppliers, employees, retirees, or
shareholders. Of if the client is a university, the recipients may be its students,
faculty, or staff. And if the client is a government, the recipients may be its citizens,
aliens, or visitors.” (Pg. 128)

“Service providers obviously can have internal policy constraints, too. And any
enterprise can have external policy constraints, because they include laws and
regulations.” (Pg. 129).

“Indeed, a given provider may experience external, internal, and interface constraints
on the same day, if not at the same time. For example, a restaurant can have an
internal constraint during lunch, an external constraint during mid-afternoon, and an
interface constraint during dinner.” (Pg. 130).

“Process Improvement. There are other approaches to process improvement besides
TOC, of course. Advocates of each approach cite legitimate success stories. A
common pitfall in practice, however, is to attempt to improve anything and everything
that can be improved. That is disruptive and expensive, so a more targeted approach
may pevail. Specifically, what to change and how to change it are key questions.
Contrary to conventional wisdom, harvesting ‘low-hanging fruit’ is another potential
pitfall. Both pitfalls are based on the assumption that local optimization add up to
global optimization, which simply isn’t true. One distinctive aspect of TOC is its
focus on constraints. When considering what to improve and how to improve it,
DBRgs steers process improvement to constraints.  Indeed, nonconstraints that could
be improved should not be improved, because the investment would not lift overall
performance.” (Pg. 151).

“CA leads a quest for universally high utilization, on the assumption that local
optimizations add up to global optimization. TA, on the other hand, drives global
optimization directly, even if that means some parts of the enterprise cannot have high
utilization.” (Pg. 158).

“Local versus global optimization is a conflict that many enterprises, including
service providers, don’t even realize they have.” (Pg. 159).
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“Cost versus revenue is another classic services conflict.  Service providers in the
PSTS sector have traditionally based their prices on billable hours because their
services are labor-intensive. As cost goes up, price goes up and demand goes down.
As cost goes down, price goes down and demand goes up. Of course, none of this
has much to do with the value that clients see. So as client needs become more
strategic and as service providers develop reusable assets, value pricing becomes
more attractive to both parties.” (Pg. 160).

“Investment versus delivery is a conflict often seen in PSTS because the same
resources may produce intellectual capital and assets as well as deliver services based
on them. Service providers must deliver services to generate revenue and profit, of
course, but they must also invest in skills, intellectual capital, and assets to maintain
their expertise, which is the foundation for sales in the PSTS sector.  Investments are
rarely billable activities because their connection to sales and delivery is seldom direct.
Thus, finding the right level of investment is often more art than science, and the
natural forces tend to push against investments.  For instance, when demand is low
and resources are available for training and development of intellectual capital and
assets, pressure to contain cost is high.  Conversely, when demand is high and
resources have little time for training and development projects, more investment
funds are available.” (Pg. 160).

“Another guiding principle that unites M&Ss with standard TOCs is that most
constraints are actually policy constraints or interface constraints, not physical
constraints. That is, the policies that service providers impose on themselves and
their clients are more likely to limit what they can sell than any physical barriers.
Pricing services fron standard costs, as described in the previous chapter, is the
preeminent example of provider-imposed policy constraint... Selecting a provider
based on competitive bidding rather than net business value is the preeminent
example of a client-imposed policy constraint.” (Pg. 195).

“Consequently, if an enterprise pursues every available customer, the top third of its
customers may generate all its profits, while the bottom third just erodes that profit.
Careful customer selection has thus replaced universal customer retention as the

critical success factor.” (Pg. 196).

“A compelling service offer produces a substantial leap in the client’s business value
because it helps the client identify and manage its constraints.” (Pg. 208).

“Second though PSTS enterprises may be filled with strategic advisors and change
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agents, when it comes to their own enterprise, they and their colleagues can have
blind spots regarding strategy and resist change the same as anybody else.” (Pg. 223).

“Third, PSTS enterprises are subject to goal conflicts because their practitioners
generally have strong allegiance to their fields of expertise via diplomas, licenses,
certification, memberships, and publications. Indeed, allegiance to their field can be
as strong as or stronger than allegiance to their employer. A professional’s goal is to
practice his or her chosen profession. A scientist’s goal is to make discoveries. A
technician’s goal is to create and apply technology.” (Pg. 225).

“Fourth, PSTS enterprises are finding that innovations increasingly come from
collaboration in supply chains with goods producers or in service chains with other
service providers.” (Pg. 225).

“Critics thus contend that price-dominated strategies all too often become a race to the
bottom — until the strategy crashes against the bottom and the enterprise gropes for
another strategy.” (Pg. 227).

“In TOC terms, an innovation that matters is a change that alleviates or eliminates a
constraint.” (Pg. 227).

“In contrast to physical assets common in many industries, such as equipment that
eventually wears out and materials that are eventually depleted, the intangible assts

common in PSTS may gain value with each additional use.” (Pg. 233).

“The TOC approach to change springs from the counterintuitive notion that the
strongest force for change is resistance against change.” (Pg. 237)
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Services economy dominates the research and development activities in the
industrialized nations. More and more corporations in the manufacturing sectors
identify a huge growing share of revenues and profits coming from the service units,
not to mention the existing strong growth of service businesses in many sectors such
as financial, banking, information, and retail sectors. Service innovation, growth,
productivity, and valuation is critical and of great relevance to government, industry,
business, and academia. The growing commoditization of service activities has
gradually transformed the market competition from quality of services to the creation
of experience economy. Software as service and business on demand represent the
new waves of value generating in IT industry.

Services science begins to have contributions from different research fields (e.g.
Information Management, Social Science), different institutions (universities, research
laboratories, companies), different application fields (e.g. e-commerce, e-business,
e-industry, e-government), different work cultures (e.g. academia, industry; software
engineers, researchers), different parts of the world (Asia, Australia, North America,
Europe), and different user groups (e.g. everyone, special jobs, special needs). As a
consequence, the competitive edge of an enterprise now depends on the innovative
collaboration and co-production of knowledge workers in industry and academia, and
the application of science, engineering, business, and management.

The purpose of the study is to articulate a methodological and practice oriented
framework and model through the study approach of survey, interviews, case studies,
and experiments, to explore the ways in which research and development activities
and factors influence the integration of innovation, technology, and strategy over the
services science and economy. An analytic framework illustrating the ways how
novel ideas and problem solving capabilities are formed and fostered in the context of
research and development activities within and cross organizations will be created.
An initial model representing the approaches how an advance in theoretical research
and practical development in software service and business service is achieved will be
developed.

This research project is financially sponsored by National Science Council.
Based on my past interview and case study experience, | estimate the possible facility
and resource | need at IBM Almaden Services Research is as follows.

1. Duration of study: approximately from July 1, 2008 through September 15, 2008



2. Persons to interview: 8 to 10 researchers and scientists in services science
research and development

3. Interview time: one hour to one and half hour each time
A work space, the computer/Internet access, and the library access would be
greatly appreciated.

1. Anderson, James C., Nirmalya Kumar, James A. Narus (2007) Value
Merchants: Demonstrating and Documenting Superior Value in Business
Markets. Harvard Business Review. Boston, MA.

“Purchasing managers in business markets are becoming increasingly sophisticated in
their strategies and tactics. Increasingly held accountable for reducing costs,
purchasing and other customer managers don’t have the luxury of simply believing
suppliers’ claims of cost savings. A relatively easy and quick way to obtain savings
is for purchasing managers to focus on price and obtain price concessions from
suppliers. To enhance their negotiating power, purchasing managers attempt to
convince suppliers that their offerings are the same as their competitors — that they
could be easily replaced. In the face of such pressure... suppliers cave in and match
competitor prices. It is rare commodity in business markets to find firms that do
business based on demonstrably superior value.” (Pg. 3)

“Suppliers must adopt a philosophy of doing business based on demonstrated and
documented superior value and implement that philosophy using an approach we call
customer value management. Customer value management is a progressive,
practical approach to business markets that, in its essence, has two basic goals: 1.
Deliver superior value to targeted market segments and customer firms, 2. Get an
equitable return on the value delivered.” (Pp. 3-4).

“By ‘demonstrate,” we mean showing prospective customers convincingly beforehand
what cost savings or added value they can expect from using the supplier’s offering
relative to the next-best alternative. Value case histories are one tool that best
practice suppliers...use to accomplish this. Value case histories are written accounts
that document the cost savings or added value that reference customers have received
from using a supplier’s market offering. Another way best practice firms...
demonstrate the value of their offerings to prospective customers is through customer
value assessment tools, which we term value calculators. These tools are
spreadsheet software applications that salespeople or value specialists conduct on



their laptops as part of a consultative selling approach to demonstrate the value that
customers likely would receive from their offering... Thus suppliers work with their
customers to define the measures on which they will track the cost savings or
incremental profit produced and then, after a suitable period of time, work with
customer managers to substantiate the results.” (Pp. 5-6).

“Qur approach to customer value assessment focuses the supplier’s and customers’
limited resources on the value elements — that is, specific ways the offerings reduce
customer costs or enable the customer to earn additional revenue and profit — that
matter most and assessing them in the way that matters most... The guiding
principle is to generate new knowledge, not recycle opinion.” (Pp. 8-9).

“In recent years, the terms value and value proposition have become two of the most
widely used terms in business markets. While these terms are fundamental to our
customer value management approach, our research reveals that despite their growing
use, there is little specificity or agreement about (1) what is value, (2) what constitutes
a customer value proposition, and (3) what makes a value proposition persuasive..”
(Pg. 12).

“Value in business markets is the worth in monetary terms of the technical, economic,
service, and social benefits a customer firm receives in exchange for the price it pays
for a market offering... Thus, we conceptually view a market offering as having two
elemental characteristics: its value and its price... Finally, we contend that customer
value in business markets is a comparative concept in which customers assess the
value of a given market offering relative to what they regard as the next-best
alternative to it. There always is an alternative. It might be: 1. A market offering
from a competitor... 2. the customer’s decision to source an item from an outside
supplier or make the item itself... 3. The status quo (i.e., not doing anything)... 4. The
most recent offering from the same supplier...” (Pp. 24-25).

“The difference between value and price is the customers incentive to purchase.
Remember, in this concept of value in business markets, raising or lowering the price
does not change the value that offering provides to a customer firm. Rather, it
changes the customer’s incentive to purchase the offering... And recognizing that the
value of a given offering can vary by segment and by customer characteristics is
vital.” (Pg. 27).

“Points of parity, points of difference, and points of contention are the inputs for



developing the suppliers firm’s value proposition.” (Pg. 30)

“The resonating-focus customer value proposition consists of the one or two points of
difference, and perhaps a point of parity, that deliver the greatest value to the target
customer.  This proposition differs from the favorable-points-of-difference
proposition in... significant respects. First, more is not better.” (Pp. 34-35).

“To generate some creative ideas that might substantially improve an offering’s value
to customers, consider the set of questions that Professors Chan Kim and Renee
Mauborgne offer to promote out-of-the-box thinking.  Specifically, supplier
managers, salespeople, and field technical representatives should be asked to answer
the following four questions with respect to the present offering or the existing value
proposition: 1. Reduce. Which value elements should be reduced well below industry
standard? 2. Raise: Which value elements should be raised significantly above the
industry standard? 3. Eliminate: Which value elements that the industry has taken for
granted should be eliminated? 4. Create. Which new value elements should be
created that the industry has never offered?” (Pp. 46-47).

2. Jagannathan, Sridhar, Jay Srinivasan, and Jerry L. Kalman (2002) Internet
Commerce Metrics and Models in the New Era of Accountability.  Prentice
Hall. Upper Saddle River, NJ.

“Emergence of Services: Outsourcing as a Way of Life. One of the most interesting
aspects of the Internet evolution is the proliferation of new and different services, so
much so that the “service provider’ label is now a standard part of the Internet
vernacular... Fundamentally, the Internet allows merchants to expand value in
modular and spatially distributed ways. Each module of service, as we will see,
gives rise to a set of vendors specializing around a service. Thus, it is no longer
necessary or even prudent to consolidate one’s physical and human resources in
company-owned and operated locations.” (Pg. 16).

“Organization of the Book. Overall, this book is designed to provide a framework
for how to understand and cope with many issues that arise in building and sustaining
an electronic commerce business by examining prevalent business models on the
Internet. More specifically, the intent is to provide details about the ways to build
business models that can then be pieced together in a building-block fashion to
construct, understand, and analyze complex business relationships in the new world of



electronic commerce. In the early chapters we set up a framework that establishes
benchmarks you might use as a starting point for evaluation...Finally there is a trial
analysis of a sample company we call Ebiztro.com to show how all can be brought
together.  Assembling these units into a cohesive view of an enterprise is achieved
by defining the online business model in terms of four horizontal stacks and one
vertical stack. The four horizontal stacks are platform, content, community, and
commerce... The vertical stack is services, which provides value for each of the
horizontal stacks. Metrics and examples to illustrate what we refer to as atomic
business models are provided wherever possible.  Services are vertical because they
can be introduced into every horizontal stack, usually when a make versus buy
decision is at hand. Services are pervasive throughout the new economy, and they
potentially touch every enterprise that uses online processes and technologies.
Integrating services and service providers shortens time to market and often reduces
capital costs.” (Pp. 22-23).

“The Service Providers. One of the most fascinating aspects of value creation on the
Internet is the broad spectrum of Service Providers, many of whom owe their
existence to perceived online merchant needs. Service providers create a wide range
of outsource capabilities that allow an online player to substitute owned assets or
internally performed units of work with those that are externally contracted or carried
out. The outsourced services in every aspect of business provide individuals,
entrepreneurs, small businesses, and large businesses with new options on the way an
atomic business functionality is achieved. All of which boils down to a simple
consideration: Is there an external alternative in every specific, narrow aspect of
business? The remarkable answer is an impressive YES!... As a consequence, the
Internet now allows the creation of completely ‘virtual’ businesses that can own
almost no infrastructure, no physical assets, no unique content, and no employees
other than the owner, and yet are able to earn real revenue. Is this possible.
Absolutely.” (Pg. 55).

“A full business is created to relate its mission to daily operations. We take it to the
next level by relating the metrics of the business model to profitability of the
company... Inessence, a for-profit business is a machine whose ultimate design and
purpose is to serve customers. As a reward for doing so, it must then make money
for its shareholders and satisfy the requirements of incorporation, promote employee
well being, and meet the community responsibilities. Such an economic engine
always has a final report card of how its capital is utilized. The resulting machine is
designed to implement the intent of the business, or goals and objectives... The report



card is return on assets or capital employed.” (Pg. 313).

“Comprehension of all possible manual and automated business activities is achieved
through business process mapping. Business process mapping can be carried out to
considerable levels of granularity to include all software and human steps.” (Pg. 321).

“Appendix. Categorization of Selected Internet Companies.” (Pg. 353).

Selected list of figures and tables:

Figure 2.1 The Five-Stack E-Commerce Model

Figure 2.8 Solution Space for E-Commerce

Figure 2.10 Service Providers Support and Supplement the Other Four Stacks.

Table 3.6 Illustrative Comparison Between In-House and ASP for an ERP Application
Table 4.1 Metrics for Content Management.
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Table 5.2 Cost Structure and Metrics
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Table 7.1 B2B, B2C, and C2C Pricing

Table 7.2 Pricing Mechanism by Market Environment

Table 7.3 Characteristics of Auctions in C2C, B2C, and B2B Contexts

Table 7.6 Advantages and Disadvantages of Direct Barter [Baseline Measurements for
Barter Exchange]

Table 7.10 Metrics for Establishing Dynamic Pricing in an Exchange

Table 8.2 Metrics for Permission Marketing
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3. Ricketts, John Arthur (2008) Reaching the Goal: How Managers Improve
Services Business Using Goldratt’s Theory of Constraints. 1BM Press.
Pearson plc. Upper Saddle River, NJ.

“We are all avid consumers of services, yet we seldom think much about where those
services come from. Services are often like background music: Most are barely



noticeable unless disrupted. How much we rely on services becomes painfully
evident when power goes out, the planes stop flying, phone go dead, paychecks are
late, hospitals are filled, day care is closed, water is shut off, Internet connections are
lost, restaurants are closed, mail isn’t delivered, 911 emergency lines are jammed, or
automatic teller machines are down.  When a disaster causes multiple service
disruptions for an extended period, life gets really hard, really fast.  In developed
economies, service providers are by far the largest employer, yet surprisingly few
employees have a deep understanding of what it takes to provide service.” (Pg. 4).

“Services that seem straightforward can be immensely complicated beneath the
surface. Consider dmple calls to customer service... When you add it all up,
seemingly simple calls to customer service can easily cost 100 times more than it
costs for the customers to accomplish the same inquiries or transactions by themselves

via kiosks or the Internet. No wonder service providers love customer self-service.
(Pp. 4-5).

“Of course, some service are difficult or impossible to accomplish via self-service.
Complex services may require special tools and materials, but they often require
expertise. For example, professional services include medicine, law, engineering,
architecture, accounting, and finance. Scientific services cover biology, chemistry,
physics, astronomy, sociology, psychology. And technical services include
installation, maintenance, repair, operations. Professional, scientific, and technical
services are the most highly customized of all services, which means that demand for
these services is not easily predicted, and service delivery is not easily automated.”

(Pg. 5).

“Despite the rise of services, the services management field is still based largely on
foundations that can be traced back to the industrial era. Where there are clear
parallels, such foundations are a natural fit. But as the services sector has grown in
size, it has also grown more diverse, more distributed, and considerably more
complex. Enterprises in the services sector now face challenges — and
opportunities — that have no clear precedents in industry. Management foundations
from the earlier era are thus showing their age. In general terms, this book is about
service management that embraces diversity, distribution, and complexity. In
specific terms, it’s about the adaptation of a highly regarded management approach
from its roots in industry to the furthest corner of the services sector. That
management approach is the Theory of Constraints. The furthest corner of the
services sector — services least like industry — is Professional, Scientific, and



Technical Services.” (Pg. 7).

“Theory of Constrainsts. Theory of Constraints (TOC) gets its name from the fact
that all enterprises are constrained by something. If they weren’t, they could grow as
large and as fast as they wanted...  So the first step in applying TOC is to figure out
precisely where the constraints are... The second step... is to utilize the constraint
to its fullest extent... The third step... is to make sure that nonconstraints keep the
constraint busy — but otherwise stay out of the way... The fourth step... is to improve
the productivity of the constraint because lifting its performance is the only way to lift
the office’s performance... The final step in applying TOC is to repeat the previous
steps.” (Pp. 8-9).

“Services as Available Versus Services On Demand. Much of the published research
on services management pertains to highly repeatable, transaction-oriented services
such as retailing, banking, food, hospitality, transportation, and public services.

There is some coverage of semi-repeatable, case-oriented services such as health care,
social assistance, and education. Less common, however, is published research on
services management for highly customized, project-oriented services such as
consulting, engineering, architecture, accounting, and research.” (Pg. 22).

“...itis helpful to understand a few other terms used in PSTS [Professional Scientific
Technical Services]: Project — A set of finite-duration tasks that must be performed in
a specified sequence to produce a desired result within a prescribed time and budget,
such as building an information system. Deliverable — Things created by projects,
such as consulting reports or computer software. Process — A set of activities
performed continuously or on a frequently recurring schedule over an indefinite
period, such as preparing paychecks. Service level — The results of a process, such
as its cycle time, quality, and cost.  Client — A customer of a service provider.
Solution — A combination of products and services that solve a client’s problem.
Engagement — An agreement (contract) between a client and a service provider to
deliver olutions. Practice — A unit within the service provider that specializes in
delivering particular solutions or service particular clients.” (Pp. 25-26).

“Conflict Resolution. One way TOC uncovers leverage points is to identify and
resolve fundamental conflicts... As you will see, these services conflicts can be

resolved without compromise.” (Pp. 30-31).

“The underlying assumption is that anything less than high utilization on every



machine and every worker represents a lost opportunity for poduction. Though
appealing, this assumption is flawed. For one thing, producing goods that customers
won’t buy is wasteful, no matter how high it drives utilization. Yet even when
customers will gladly buy what’s produced, the push for universally high utilization
overwhelms the constraint. Somewhere in the production process is a step that
cannot produce as many units per time period as the rest of the steps. That’s the
constraint... What’s far harder to do is change the perception that high utilization
everywhere is a good thing. The belief that local optimizations somehow add up to
global optimization is strongly held. Until this policy constraint is broken, however,
the physical constraint cannot be managed.... ... the constraint.  It’s also called the
drum because it sets the pace for the rest of the steps. That is, upstream steps will
occasionally be idle — have less than full utilization — so they won’t overwhelm the
constraint with work.  And the downstream steps will likewise occasionally be idle
because they’re waiting for the constraint to complete its step. But if all goes well,
the constraint itself will have consistently high utilization, excess WIP [Work In
Progress] will disappear, and more orders will ship on time.”  (Pp. 36-37).

“A central benefit of DBR [Drum-Buffer-Rope] is to change the production process
from push to pull.  Nothing gets produced unless there’s a market for it. Market
pull through the internal constraints then optimizes production while minimizing
inventory... Replenishment. Replenishment (R) is the TOC application for
distribution... Replenishment is also called the TOC supply chain solution because
one enterprise’s distribution chain is often another’s supply chain.  Of course, calling
them *chains’ is not entirely accurate because they are increasingly complex
networks.” (Pp. 40-41).

“Critical Chain. Critical Chain (CC) is the TOC application for project
management... The following review of the state of the art compares Critical Chain to
the older and still dominant project management method, Critical Path... Frequent
shifting between tasks in order to create the appearance of simultaneous execution is
called multitasking. A widespread assumption is that it increases productivity, but
this assumption is faulty for a couple of reasons... This is yet another example of how
local optimization everywhere does not create global optimization.” (Pp. 47-49).

“Throughput Accounting. Throughput Accounting (TA) is the TOC application for
finance and acounting... The following review of the state of the art compares TA
to the older and still dominant management accounting method, Cost Accounting
(CA)... Activity-Based Costing (ABC) is a relatively recent variant of CA designed to



be a better way to allocate costs... TA addresses all these problems via a different
measurement approach: It does not use product costs but eliminates incentives for
excess inventory, and it reverses typical management priorities. TA is not, however,
a substitute for conventional financial reporting because publicly traded companies
must comply with generally accepted accounting principles (GAAP). Fortunately,
TA can readily reconcile with GAAP reporting even though TA is a different approach
to managing accounting... TA begins with three financial measures: Throughput (T) -
The rate at which money is generated through sales or interest. It is computed as
revenue minus totally variable costs (TVC). Inventory (I) — All money invested in
things intended for sale. IT includes totally variable costs such as material, plus
resources used in production such as land, machines, trucks, and computers. The
more conventional term, Investment, is sometimes used instead of Inventory.
Operating Expense (OE) — All money spent turning Investment into Throughput. It
includes direct labor, rent, and labor, plus selling, general, and administrative (SG&A)
costs.” (Pp. 53-56).

“Implication for Services. Despite their obvious differences, industrial and services
enterprise all have constraints... First, TOC is concerned with inventory, but what
constitutes inventory in a services business can be harder to pin down... Second,
services in general are less repeatable than industry, and Professional, Scientific, and
Technical Services are the most customized of all.  When services and the steps they
require change often, finding the constraint may require more than a little detective
work. And by the time the constraint is located, it may hop elsewhere in the
business. Third, service markets are moving away from services as available to
services on demand. Even services businesses that historically operated with an
internal constraint more often face a market constraint as technology and competition
make alternatives plentiful and flexible... Finally, the degrees of freedom in
delivering services can be greater than in manufacturing — particularly when the
services depend on creativity. Resources with different skills and experiences
sometimes deliver services that are virtually indistinguishable when given the right
tools and coaching.” (Pp. 60-61).

“Summary. Drum-Buffer-Rope (DBR), Replenishment (R), Critical Chain (CC), and
Throughput Accounting (TA) are four standard applications comprising Theory of
Constraints (TOC)... DBR is the application for operations... R is the application for
distribution... CC is the application for engineering... TA is the application for
finance and accounting...” (Pp. 62-63).
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“Interface constraints are, however, neither external nor internal. They exist literally
at the interfaces between the service provider and its clients, its subcontractors, its
service partners, and its recipients if they are separate from the clients. If the client
IS a business, the recipients may be its customers, suppliers, employees, retirees, or
shareholders. Of if the client is a university, the recipients may be its students,
faculty, or staff. And if the client is a government, the recipients may be its citizens,
aliens, or visitors.” (Pg. 128)

“Service providers obviously can have internal policy constraints, too. And any
enterprise can have external policy constraints, because they include laws and
regulations.” (Pg. 129).

“Indeed, a given provider may experience external, internal, and interface constraints
on the same day, if not at the same time. For example, a restaurant can have an
internal constraint during lunch, an external constraint during mid-afternoon, and an
interface constraint during dinner.” (Pg. 130).

“Process Improvement. There are other approaches to process improvement besides
TOC, of course. Advocates of each approach cite legitimate success stories. A
common pitfall in practice, however, is to attempt to improve anything and everything
that can be improved. That is disruptive and expensive, so a more targeted approach
may pevail. Specifically, what to change and how to change it are key questions.
Contrary to conventional wisdom, harvesting ‘low-hanging fruit’ is another potential
pitfall. Both pitfalls are based on the assumption that local optimization add up to
global optimization, which simply isn’t true. One distinctive aspect of TOC is its
focus on constraints. When considering what to improve and how to improve it,
DBRgs steers process improvement to constraints.  Indeed, nonconstraints that could
be improved should not be improved, because the investment would not lift overall
performance.” (Pg. 151).

“CA leads a quest for universally high utilization, on the assumption that local
optimizations add up to global optimization. TA, on the other hand, drives global
optimization directly, even if that means some parts of the enterprise cannot have high
utilization.” (Pg. 158).

“Local versus global optimization is a conflict that many enterprises, including
service providers, don’t even realize they have.” (Pg. 159).
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“Cost versus revenue is another classic services conflict.  Service providers in the
PSTS sector have traditionally based their prices on billable hours because their
services are labor-intensive. As cost goes up, price goes up and demand goes down.
As cost goes down, price goes down and demand goes up. Of course, none of this
has much to do with the value that clients see. So as client needs become more
strategic and as service providers develop reusable assets, value pricing becomes
more attractive to both parties.” (Pg. 160).

“Investment versus delivery is a conflict often seen in PSTS because the same
resources may produce intellectual capital and assets as well as deliver services based
on them. Service providers must deliver services to generate revenue and profit, of
course, but they must also invest in skills, intellectual capital, and assets to maintain
their expertise, which is the foundation for sales in the PSTS sector.  Investments are
rarely billable activities because their connection to sales and delivery is seldom direct.
Thus, finding the right level of investment is often more art than science, and the
natural forces tend to push against investments.  For instance, when demand is low
and resources are available for training and development of intellectual capital and
assets, pressure to contain cost is high.  Conversely, when demand is high and
resources have little time for training and development projects, more investment
funds are available.” (Pg. 160).

“Another guiding principle that unites M&Ss with standard TOCs is that most
constraints are actually policy constraints or interface constraints, not physical
constraints. That is, the policies that service providers impose on themselves and
their clients are more likely to limit what they can sell than any physical barriers.
Pricing services fron standard costs, as described in the previous chapter, is the
preeminent example of provider-imposed policy constraint... Selecting a provider
based on competitive bidding rather than net business value is the preeminent
example of a client-imposed policy constraint.” (Pg. 195).

“Consequently, if an enterprise pursues every available customer, the top third of its
customers may generate all its profits, while the bottom third just erodes that profit.
Careful customer selection has thus replaced universal customer retention as the

critical success factor.” (Pg. 196).

“A compelling service offer produces a substantial leap in the client’s business value
because it helps the client identify and manage its constraints.” (Pg. 208).

“Second though PSTS enterprises may be filled with strategic advisors and change
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agents, when it comes to their own enterprise, they and their colleagues can have
blind spots regarding strategy and resist change the same as anybody else.” (Pg. 223).

“Third, PSTS enterprises are subject to goal conflicts because their practitioners
generally have strong allegiance to their fields of expertise via diplomas, licenses,
certification, memberships, and publications. Indeed, allegiance to their field can be
as strong as or stronger than allegiance to their employer. A professional’s goal is to
practice his or her chosen profession. A scientist’s goal is to make discoveries. A
technician’s goal is to create and apply technology.” (Pg. 225).

“Fourth, PSTS enterprises are finding that innovations increasingly come from
collaboration in supply chains with goods producers or in service chains with other
service providers.” (Pg. 225).

“Critics thus contend that price-dominated strategies all too often become a race to the
bottom — until the strategy crashes against the bottom and the enterprise gropes for
another strategy.” (Pg. 227).

“In TOC terms, an innovation that matters is a change that alleviates or eliminates a
constraint.” (Pg. 227).

“In contrast to physical assets common in many industries, such as equipment that
eventually wears out and materials that are eventually depleted, the intangible assts

common in PSTS may gain value with each additional use.” (Pg. 233).

“The TOC approach to change springs from the counterintuitive notion that the
strongest force for change is resistance against change.” (Pg. 237)
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