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1 Introduction 

Operations Research (OR) deals with a multiplicity of approaches embedding 
algorithmic, mathematical, and automated computational reasoning as core con-
cept in knowledge-based application frameworks suited for supporting decision-
making processes. We will call this the ‘A’-area (for: algorithmic, automatic) of 
using OR in an organization. The emergence of innovative mathematical ap-
proaches and the refinement of already proven algorithms supporting A-side en-
deavors seem never-ending. Currently we observe challenging advances on the A-
side as multifaceted as: automated information foraging, content filtering, text and 
data mining, semantic networks, clustering in data warehouses, networked com-
puting, web farming, or autonomous agents. However, the computed results of the 
‘hard-core’ A-area with all the complexity in functions, algorithmic precision, and 
granularity are to be brought to the real world of an organizational framework for 
‘process enabling and decision enacting’. We will call that the ‘P’-area (for: proc-
ess enacting, project enabling, practical, pragmatic, application) of using OR in an 
organization. 

But, quite often there is a principal disproportion between the theoretical, com-
putational, automated and algorithmic A-side on the one hand and the application 
centered P-side in an organization on the other hand. The challenges in bridging 
this principal incongruity between computerized results at the end of an automated 
algorithmic chain on the A-side and their practical enacting by people with their 
management capabilities essentially defining the quality on the P-side of the or-
ganization seem all the more growing. This dissimilarity holds specifically, if we 
open the ground to such unattached areas as web technology, knowledge man-
agement, and decision support as they are the focus of this conference section.  

The interface area that bridges the A-side and the P-side is to be called ‘I’-
domain if we follow our simplistic nomenclature used so far. Here knowledge 
management (KM) can play an important role. KM transforms knowledge, 
whether it is the result of an automated procedure or of individual human reason-
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ing, into organizational intelligence. This means, KM bridges the A-side and the 
P-side of an organization through connecting knowledge with people. 

The scope of this paper is precisely to make a contribution to the bridging I-
domain with application of suitable KM methods. In the sequel we will not work 
on a theoretical framework generically defining building blocks and basic func-
tionalities of this bridging I-domain. Rather we will present our ‘k-Pool’ model in-
stead. K-Pool is a fully featured system environment. It is to be regarded as a spe-
cific instantiation of a complex and versatile object delivering core service in what 
is here positioned as I-domain. Core features of k-Pool are to directly hook up the 
A-side and P-side in an organizational environment using essential concepts in the 
area spanning “Web Technologies, Knowledge Management, and Decision Sup-
port Systems”. 

2 Data Model of k-Pool 

Generally, results produced on the A-side have to be handed over to the P-side 
to be maintained in an appropriate business process environment which has to be - 
amongst others - web-enabled, suited for KM and decision support. K-Pool is a 
generic container environment storing these results and embedding them in a rich 
functional environment supporting the P-side. Using terms being currently en 
vogue in discussing KM issues k-Pool can be regarded as a versatile Knowledge 
Management System (KMS). Amongst others, this KMS handles the flow of 
knowledge objects (k-objects) based on heterogeneous formats originated from 
various automated algorithms on the A-side. 

‘K-objects’ as core elements of k-Pool are ‘documents’. They are designed on 
basis of the Lotus Notes semi-structured document container model. Thus, they 
can be used to agglomerate rich varieties of content formats and render them in 
flexible presentation interfaces. The content formats might comprise alpha-
numerical data, images, graphical metadata, multimedia objects, links, ‘intelligent’ 
objects (i.e. following current standards like CORBA, SOAP), tabular and list 
structures, compound document formats (html/xml, rich text, form based data, 
wide range of semi-structured embedded object types), status dumps/solution re-
ports of complex mathematical models (e.g. result sets of computer based simula-
tions), versioned variants of modified result sets, etc. (v. Fig. 1). To simplify, a k-
object provides a container for an instance (a result set) in the above outlined con-
tinuous output stream of results from the A-side and appropriately presents it for 
utilization on the P-side as well as for possible (re-) utilization on the A-side. 

The basis for structuring k-objects is a unified metadata model, which is con-
gruent to standardized formats like e.g. the LOM-concept (learning object meta-
data) of the IEEE Learning Object Metadata Working Group [1]. Metadata pro-
vide options typical for archival classification. But, more important, they provide 
enabling ‘hooks’ to business process functionalities generally in need on the P-
side of an organization, i.e., k-objects are structured in such a way that they are 
embedded in a business process driven workplace environment by default. 
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Fig. 1 Example for k-object: Putting simulation in business context (meta tags in the fore-
ground) 

3 User Interfaces of k-Pool 

However effectively the k-objects in k-Pool are structured, it is of little use 
unless they can be easily accessed and utilized. The appearances and rendering 
methods which have to be employed for user interface presentation must be versa-
tile and flexible. This holds especially for the P-side. Part of this necessitates that 
the respective users - as individuals or structured in groups and user roles - can ef-
ficiently retrieve and reuse the relevant k-objects to accomplish their everyday 
tasks. They must be enabled to smoothly collaborate with other people to achieve 
the results defined by the underlying business processes. 

3.1 Multiple Views 

Based on the metadata model of k-Pool we construct a multi-dimensional and 
open space for taxonomies suitable for categorizing and describing k-objects from 
different points of view. With ‘open space’ we especially refer to the underlying 
flexible metadata model which is not restricted to a pre-defined database-schema 
typically imposed by RDB-structures. We argue that multiple views on k-objects 
are essential for their accurate and comprehensive representation. Users with dif-
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ferent backgrounds can browse k-objects from different viewpoints or different 
foci of interest. This concept is engraved in k-Pool’s underlying middleware plat-
form Lotus Notes by default. It partly coincides with approaches used in multi-
perspective modelling (e.g. [2]) with its main focus on knowledge-based system 
design. For Web presentation we are currently employing four views based on the 
following schemes: 
• The Themes space is a flexible and open categorization scheme. Themes are de-

scriptors for the topics that k-objects are all about. Within this scheme k-objects 
are hierarchically organized and multi-categorized. 

• The Keywords space reflects the common vocabulary shared by organization 
members for key business issues. The Keywords space is further divided into 
sub-dimensions based on various ‘classes’, which can be defined according to 
the application environment. In our k-Pool implementation we employ the 
classes THINGS, PEOPLE, ORGANIZATIONS, PLACES, TIME, and 
LABEL. The descriptors speak for themselves. 

• The K-Structure space is used to e.g. generate specific mental models, percep-
tional spaces, hierarchical structures, project and process-centered collections 
of items, or to identify individual collections of k-objects. 

• The Knowledge Object Type space provides a categorization scheme according 
to the type and subtype of k-objects. 
As a special feature of k-Pool, the views based on these categorization schemes 

are context-sensitively interconnected in an integrated navigation environment. 
This is especially useful for decision support tasks on the P-side. Here quite often 
not only a single document but a complex collection of interrelated k-objects 
might be traversed, inspected, and explored for solving a given business task. 

3.2 Integrated Search, Navigation and Process Enacting Environment 

For accessing k-objects an integrated search, navigation and process enacting 
environment is provided. Generally speaking, this aims at bringing proper k-
objects containing result sets of the A-side to people who are responsible for busi-
ness processes on the P-side. 

3.2.1 Search 

K-Pool makes use of state-of-the-art and configurable standard search functions 
provided by Lotus Notes/Domino middleware, e.g. full-text search, domain 
search, and index search. The first two search methods can be combined with 
fuzzy-logic, word variants conversion, relevance ranking as well as search results 
sorting to make the search more ‘intelligent’ and error-tolerant. Index search in k-
Pool is complemented with our proprietary ‘k-Glossary’ scheme, a multilingual 
thesaurus based on thesaurus standards (i.e. ISO 2788/5964 [3]), to make the 
search more scalable, flexible, and adaptable for multilingual environment. 
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In k-Glossary terms and associated synonyms, as well as relationships between 
terms such as hierarchy, equivalence, and association are defined. Thus, index 
search uses the semantics embedded in k-Glossary by employing methods such as: 
• Synonym process: Synonyms are converted to the corresponding terms of the 

corporate vocabulary at search time for a more precise search. 
• Query augmentation: Users’ terms are expanded to include their superordinate, 

subordinate or associated terms for a broader search. 
• Multilingual support: The corresponding terms in other languages are included 

in search queries for multilingual search. 
The above mentioned aspects can be configured using parameters for search 

logic, search strategy, or number of search results. E.g., if the number of hits is 
less than the pre-defined threshold, then the query would be augmented. Thus, a 
targeted number of related k-objects can be identified for one search step. 

3.2.2 Navigation 

K-Pool provides a versatile navigation environment. Users can look for relevant 
information in an exploring mode enabled by category-oriented browsing in a hi-
erarchically structured collection of k-objects. Starting from a general category, 
users can subsequently narrow down their topic of interest by drilling down sub-
categories until something of interest is found. In this navigation environment 
three parts of information are presented (v. Fig. 2): 
• A hierarchically segmented ‘path’ to the current location, through which users 

can go back to any of the previous levels of a category in the current view. 
• Subcategories, through which users can continue their browsing recursively as 

far as to the last subcategory. 
• A list of k-objects which are located at the current level of a category. Each k-

object is presented in such a way that relevant information is rendered in the 
user interface, e.g.: a small ‘thumbnail’ that depicts or symbolizes to some ex-
tent the content area of the underlying k-object, a brief description of the k-
object, and meta tags, each of which is connected to a respective level of cate-
gory in a corresponding view. 
In brief, this navigation environment provides a set of ‘road maps’ to help users 

to navigate through large quantities of k-objects along multi-dimensional hierar-
chical structures. Users can overview k-objects about a particular theme at a 
glance, or roam from a level of category in a view to a contextually related level 
of category in another view based on similarities and relations between k-objects. 
This kind of integrated presentation of related k-objects in a context-sensitive way 
provides part of the fundamentals enabling decision support on the P-side. 

Besides continuous relational navigation users can also jump from one context 
to another by entering a search string in a command line interface. Thanks to the 
employed algorithms a closest hit is identified in case no exact match exists. As 
target a neighboring context is presented which corresponds to the category ad-
dressed by the search string. 
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Fig. 2 View user interface: navigational links based on multi-dimensional taxonomy 

Moreover, as complement to textual context-sensitive navigation, visual navi-
gational schemes are offered [4]. E.g., we employ the ‘Hyperbolic Tree’ naviga-
tional scheme for exploring rich content areas. The ‘Hyperbolic Tree’ is based on 
a ‘focus + context’ navigation concept: The k-objects that are in focus of the cur-
rent users are visually positioned in the foreground of a sphere space without los-
ing the context in which these k-objects are embedded. The hyperbolic naviga-
tional model can effectively be used on the A-side as well as on the P-side to 
structure versioning or alternative solution sets in a decision process. 

Important parts of the navigational scheme directly relate to views where not 
the KM-typical exploring (and noncommittal) mode is supported. But rather busi-
ness logic is embedded supporting the enacting mode of business processes. Spe-
cifically, this relates to project centered management tasks as well as workflow 
management. Thus, a manager might find on her task list a k-object rendering in 
technical context a presentation she has to give at a board meeting and summariz-
ing alternative results of complex inventory calculations based on different loca-
tion profiles. 

3.3 Contextual Collaboration 

Integrative access to abstract k-objects is yet not sufficient for decision support. 
Effective and smooth communication and collaboration amongst the involved peo-
ple, within and outside the organization, play also an essential part. Hence, we 
take the approach of ‘contextual collaboration’ [5]. This aims at setting up an 
essentially flexible IT-environment that enables users to communicate context 
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driven, exchange information and collaborate with other related experts, sponta-
neously and/or on demand. 

Collaboration in k-Pool is supported by a versatile on-line meeting tool set. Af-
ter users have identified a relevant set of k-objects through navigation or search, 
they can try to engage in real-time conversational mode. In k-Pool the online 
status of authors of k-objects and other people involved is presented to authenti-
cated and authorized users. So they can initiate an instant meeting with one or 
more communication partners who are on-line available at the moment (v. Fig. 3). 

Instant meeting is supported by ‘Sametime Meeting Services’ (MRC), an API 
giving access to IBM’s ‘Sametime Server’ middleware [6]. Available meeting 
types are chat, IP audio, IP video, share (whiteboard and screen share) and col-
laborate. Instant meeting enables users to just in time collaborate with authors of 
k-objects or experts related to k-objects in business process context on the P-side, 
e.g. in the middle of project work or while executing a workflow step. 

 

 
Fig. 3 Contextual collaboration: enable real-time conversational mode on demand 

4 K-Pool System Approach 

Based on the Lotus Notes/Domino middleware layer, k-Pool is embedded in 
application modules of the ‘Enterprise Office System’ [7] from Pavone AG. Core 
data structures and functionalities for additional KM and web enabling properties 
of k-Pool have been modeled, conceptually designed, developed and deployed at 
the Groupware Competence Center (GCC) of the University of Paderborn by the 
authors. K-Pool has been in operation for about two years; the developing is ongo-
ing. The Internet-enabled layers of k-Pool can be accessed via http://gcc.upb.de. 

K-Pool is a versatile modularized system based on the architecture of reusable 
software components. Besides the above addressed modules, k-Pool comprises 
modules for document and content management, workflow support of various 
business processes, glossary management, dynamic taxonomy maintenance, a 
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granular access control continuum spanning intranet, extranet and internet, and 
more with a set of ‘down to the earth’ functionalities. Furthermore, based on an 
open and flexible architecture, k-Pool can also integrate other components like 
‘Yellow Pages’, discussion room, or project management modules. 

Briefly, with its comprehensive functionalities k-Pool can serve in the I-domain 
- following the above outlined model - to connect A-side and P-side in an organi-
zation. This means, k-Pool can act as a powerful and versatile interface system to 
better relate valuable results produced on the A-side of automated reasoning proc-
esses to the requirements on the P-side, which are basically defined by business 
processes. 

5 Conclusion 

K-Pool has evolved as a practical KM-application that resulted from our de-
voted KM efforts. We attribute the high acceptance of k-Pool to its functionalities 
based on flexible content management, collaboration and web technology. From a 
user’s point of view k-Pool is to be considered as an open and integrated environ-
ment for information retrieval, context-sensitive information navigation, and con-
textual collaboration for decision support. K-Pool contributes as a ‘work-horse’ 
essentially to all of our ongoing tasks and provides a solid basis for our KM activi-
ties that nurture the overall flow of knowledge within GCC as well as between 
GCC and our cooperation partners. 
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