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Abstract. The communication between cognitive DSS and data ware-
house tends to be inefficient due to their contradictory knowledge/data
oriented nature. Data-to-knowledge conversion requires specialized tech-
niques, whereas knowledge-to-data conversion results in loss of knowl-
edge. To address these issues, a subject-oriented semantic knowledge
warehouse (SSKW) is proposed, to provide relevant and precise knowl-
edge to CDSS. The SSKW consists of: a) object/process/event/relation-
ship (OPER) model to store domain knowledge in a unified fashion;
and, b) a subjective view database, containing opinions of stakeholders
about various OPER knowledge elements. A case study to compare the
performance of the SSKW-based CDSS against a DW-based CDSS is
presented. The results show that SSKW improves communication effi-
ciency, provides relevant and precise domain knowledge to CDSS in less
decision cycles, minimizes the loss of knowledge, and helps decision maker
to quickly grasp the decision situation through its human-centric nature.

Keywords: Knowledge warehousing, knowledge representation, cogni-
tive decision support, business intelligence.

1 Introduction

Despite knowledge being the key factor to gain competitive advantage, BI tech-
nologies, especially data warehouses (DW), do not support handling of knowl-
edge [IH4]. DW filter out a great deal of knowledge during the loading phase,
resulting in the loss of crucial decision making knowledge [5]. The field of CDSS,
on the other hand, has made significant progress regarding knowledge processing;
yet CDSS has to rely upon DW for back-end [6H9]. This poses two issues: 1) huge
amounts of knowledge is lost during knowledge-to-data (CDSS-to-DW) conver-
sion [2]. 2) data mining is essential to infer hidden patterns from data to create
knowledge during data-to-knowledge (DW-to-CDSS) conversion. A knowledge-
enabled back-end was thus deemed essential to support decision making, and
knowledge warehouses (KW) were proposed [2[4L[6]. KW are hybrid knowledge-
base(KB) systems (collection of knowledge-bases) [2]. The main disadvantage of
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hybrid-KB approach is knowledge integration overhead, which can decrease the
performance with growing KBs [10]. It is argued here that a KW should store
knowledge in a unified format. A subject-oriented semantic knowledge warehouse
(SSKW), is proposed to store knowledge in unified, subject-oriented and seman-
tic manner. SSKW addresses the issues of inefficient communication, and the
loss of knowledge. The paper is organized as follows. Section 2 presents literature
review, followed by SSKW schema in Section 3. Section 4 describes the SSKW
architecture and implementation. The case study is given in Section 5, followed
by comparison of SSKW and DW, and conclusion.

2 Literature Review

DW provide decison makers with huge amounts of structured data, but fall
short in handling knowledge, thus only partially supporting decision making
process [37ITT]. To fill this gap, knowledge warehouses (K W) were proposed [2J4],
based on Nonaka’s [I] knowledge spiral model. The term has been used for various
applications [3]; however, Nemati et al [2] have defined it as a novel technology
to collect, organize, store and disseminate knowledge. This paper is based on this
characterization of KW. The KW by Nemati et al [2] is a collection of knowledge-
bases (hybrid knowledge-base). Dymond [4] also proposed a similar hybrid-KB
based KW. Several such KW have been designed [I2HI5]. Among these, ISYMOD
[13] is the closest to the SSKW storage structure, while Pedersen [12] proposes a
powerful tool for evolution of knowledge, i.e. subjective opinions, demonstrating
the importance of individual’s opinions.

The relational technology falls short in representing the complex and unstruc-
tured nature of knowledge [L6J17]. The fact can be observed from a KW based on
relational technology, by Levy et al [I8[19]. The limitations of relational model
hinder real-world object/relationship representation in this KW. Also, OLAP re-
ports produced are lengthy and time-consuming [19]. Object-oriented approach
on the other hand, has proven to be effective in representing real world entities
in intuitive format, providing basis for rich semantics [20H22]. We use object-
oriented model as the foundation to employ semantics and subject-oriented
approach in the design of SSKW.

3 Subject-Oriented Semantic Knowledge Warehouse

(SSKW) Schema

This section describes SSKW, and its components, OPER model and SV database.

3.1 Object/Process/Event/Relationship (OPER) Model

To define standard knowledge format, we categorized knowledge at syntactic level
to create "a virtual level of knowledge representation where the dominant traits
are not domain-dependent” [23]. After conducting a study, three fundamental
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knowledge types were identified in a typical business environment: objects, pro-
cesses and events. However, to simulate real-world, and the reasoning process of
human mind, these elements must be linked in a meaningful way [24,25]. Thus,
relationships are added to them.
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Object. Object defines an entity, such as person, organisation or document.
The object hierarchy has three design levels (Fig.[Il): 1) the abstract level, such
as business object; 2) the sub-type level, such as organisation, which can span
over multiple internal levels; and 3) the uniquely-identifiable level, such as A189.
SSKW objects can have three types of properties; 1) single-valued such as name
and age; 2) objects, such as organization; and 3) processes to define object’s
behavior, such as decision making.

Process. It is a skeleton for business procedures, such as delivery, sample check-
ing and marketing. It may involve one or more objects, in two categories: 1)
Input objects, which include Objects working and Objects being worked on; and
2) Output objects (objects created) (Fig[2)
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SSKW relationships are different than those in re-
Fig. 3. Example of Event lational database where a relationship is applied
to all the instances of an entity. That is, instances
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of the same type must have the same set of relationships. In SSKW however,
objects of the same type may hold different relationships. SSKW relationships
may be cause-effect, implication, subtype, similar-to, instance and reverse [26].

3.2 Subjective Views

OPER Knowledge element (ki) | Dased on subject-oriented programming (SoP)
KE, | KE, | KEs| . | ke, | [27], Subjective views (SV) contain opinions

o | G | sve | svio | svia| .. |svi| and (attitudes) of stakeholders, such as cus-
E C, | sve sva ! sve| .. | svy| tomers, employees or competitors, about OPER
© | G |svy svpisvy .. svi| knowledge elements, to assist decision makers
= in perceiving the situation from the perspec-
Ci [V |SVma|SVma| - [SVmn| tive of stakeholders. A SV is a matrix, with

OPER knowledge elements for one dimension,
and the stakeholder-type (such as customers or
managers) for the other. Figldl demonstrates a
customer SV, where rows represent customers, and columns represent OPER
knowledge elements such as product. Each element in the matrix contains cus-
tomer’s feedback about a specific knowledge element. This feedback can be a
number (from likert scale), or text-based (from blogs). A SV matrix is used to
calculate two values; a) the current trend for an OPER knowledge element, by
aggregating the feedback of all the stakeholders; and b) the potential future
preferences of a stakeholder, by studying their feedback about various OPER
knowledge elements.

Fig.4. Customers’ Subjective
View

4 Subject-Oriented Semantic Knowledge Warehouse
(SSKW) architecture and Implementation

This section gives an overview of SSKW conceptual model and implementation.

4.1 SSKW Architecture

\ User Interface H scoss ‘ The architecture consists of three main
E 3 components; OPER Storage, the SVs
G and Knowledge Management (KM)
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Fig.5. The conceptual model of SSKW
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manage the queries received from GUI, and knowledge mapping component
(KMC) to maps OPER knowledge elements with their counterparts in CDSS.
Following are the formal definitions of OPER and SV components.

Let K be the set of all knowledge elements (objects (O), processes(P), events(E)
and relationships(R)) in a particular domain, i.e.

K = {ki,ks,...,kn|k € O, P, EorR} (1)

Where,O is the set of all the objects in the domain, P is the set of all processes,
and F is the set of all events. Whereas relationship is defined as,

R= (mp'rea SL, mpost) (2)

Here, mp,. and mpes: are the knowledge elements of types O, P or E. SL is the
set of all semantic links in the domain.

The complete set of subjective views is denoted by SV, and is defined as the set
of matrices, in which each matrix represents subjective views of a particular group
of stakeholders, about OPER knowledge elements. A SV is defined as follows:

SV = {[sv1], [sv2], ..., [su]} (3)
Where, each [sv] is a two dimensional matrix, as defined below:
Eq Eo> En
Py | SU11 SV12 ... SU1in
Py | SU21 SVU22 ... SUgp
[sv]
P | SUm1 SUm2 - .. SUmn

where [sv] represents the sets of views of participants (P) from a particular group
of stakeholders, such as customer group or executive group.

Each entry (element) of this matrix is mapped to exactly one knowledge
element (E) in the set K of equation (1).

4.2 Implementation of SSKW

1 | The SSKW architecture is imple-
] " mented to test and evaluate its
~ practicality and performance. The
. SVs use relational database, while
. OPER model is implemented us-
- ing RDF. The main advantage of
= OPER storage is that unlike DW,

— ‘\‘H”, = . in SSKW  knowledge can be ac-
/ - e cessed through any dimension. As
‘ shown in Fig. B, BK-M825-38 is

==

Fig. 6. Example of Knowledge storage in
OPER
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type product, linked with its manufacturer Adventure Works,competitor CDK-
bike, and two delivery processes, deliveryMarch and deliveryApril of type de-
livery. When BK-M82S5-38 is accessed, all their associated knowledge elements
become available through semantic relationships. Similarly, accessing delivery
provides direct access to all its child processes for all the products.

5 Case Study

We test our system against a DW-based CDSS, FACETS by Niu et al [7]. The
decision situation is: ”Why the sales of bike (BK-M82S5-38) have dropped over
the past 2 weeks?” FACETS solved this problem in four decision cycles. The
output of the system is in the form of lengthy reports [7, p.183].

SSKW-based CDSS solves this
problem as follows (Fig. [[]). The sys-
Lt tem accepts above-mentioned query

in natural language, and extracts

L main terms from it with the help of
R ' CDSS and SSKW wocabularies. The
terms found in CDSS vocabulary, i.e.
sales, verb dropped, are sent to CDSS;
while the SSKW terms, i.e. BK-
M825-38 are forwarded to OPER/SV
manager. OPER/SV manager fetches

Query: Why the sales of bike (BK-M825-38) have dropped over the past 2 weeks? ‘

€Dss

entities list

|f storage |
‘\ (OPER/SV) |

OPER/SV manager | sales |

Knowledge S
Mapping |
Component
(KMC)

Intermediate
result
(BK-M825-38
status/attached

Findl remlE = L service | the status of BK-MS825-38 and re-
Obtained by
fetching the domain TN [ prodiee) 1 d 1 : h'
rowidse [/ wapping \ | L_validity | ated processes, events, relationships,
corresponding to bet CDSS M
the CBSS outpot | "andsskw | and SVs, and keeps them as in-
concepts, from the \Qutpuls by KM . .
“ermeiate ~ v | termediate result. Meanwhile, CDSS
s onmenl | extracts all the mental models con-
au “m* ) taining sales, with dropped as rela-

tionship (Fig. ). The CDSS then
Fig. 7. The decision process of SSKW- forwards the list of concepts from the
based CDSS resultant mental models to the knowl-

edge mapping component (KMC),
which passes them to OPER/SV manager while retaining the unique identi-
fiers of these concepts. The OPER/SV manager searches for these concepts in
the intermediate result, and sends the result to KMC. KMC maps SSKW and
CDSS output through the unique identifiers, and passes the output to GUI.
Thus, when a concept, such as bad delivery, is clicked in CDSS output (Fig. H),
the corresponding BK-M825-38 delivery report from SSKW is displayed (Fig.[]).

6 Comparison between OPER and DW

In DW, data is accessed through the dimensions previously declared at design
phase, such as marketing, sales, and finance. In OPER model however, the
business concepts and entities exist individually (but semantically associated),
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Association name: Bad Delivery reduces Sales
Loss of sales (order-based / long-distance business, where delivery is involved).
Success rate: 37%

Average Weight 0.55

Current delivery status for BK-M82S-38 is SLOW.
Average delivery days last month: 3 days.
Average delivery days current month: 5.5 days.
Number of orders this month: 47

Courier services for the delivery of BK-M825-38
Global Postal: Average delivery days: 5 - Average cost 12 AUD

Express Now: Average delivery days: 2.5 — Average cost 13.5 AUD
Round World: Average delivery days: 7.5 - Average cost 11.5 AUD
Direct Delivery: Average delivery days: 3.5 — Average cost 12.5 AUD

Average cost per delivery is 12 AUD
Region of BK-M82S-38 Delivery is Asia-pacific, Eastern Europe.

Customer feedback: None.
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Fig. 8. Output of user query from CDSS

Fig. 9. The delivery report from SSKW

defined as objects, processes or events. Every object, process and event, therefore,
becomes the dimension of reference, through which knowledge can be searched

and accessed.

This can be very powerful tool

for decision maker, as the do-
main knowledge is not divided,
but encapsulated through the ob-
ject, process and event constructs
(FigllO). For instance, to get the

status of sales for all the prod-
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Finance omn [E——
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ucts stored, the process sales is ac-
cessed, which leads to all its child

Fig. 10. The difference between the DW and

OPER storage

processes, productlSales and prod-
uct2Sales; whereas to output the
status of productl, the object prod-
uct! and all its processes (prod-

uctlSales, productiMarketing, productiFinance are fetched. This way, OPER
enables the access of relevant knowledge in efficient and comprehensive manner,
improving decision support.

7 Conclusion and Future Work

Considering the significance of knowledge in today’s complex business environ-
ment, a subject-oriented semantic knowledge warehouse (SSKW) has been pro-
posed, which stores knowledge in a unified, meaningful and subject-oriented
manner using subject-oriented and semantic approaches. It facilitates intuitive
and efficient communication with CDSS, prevents loss of knowledge, improves
knowledge precision, and ensures efficient delivery of knowledge.
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