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Abstract - Conceptual graphs, introduced in 1984 by J.F. Sowa, are a formal modeling tool for information systems architecture and structures. In this paper conceptual spreadsheets (InfoMaps) are presented as a processable representation of design information and as a tool for system developers. The term knowledge warehouse is defined as analogous to the concept of data warehouse introduced in 1990 by W. Inman. Usage of the conceptual spreadsheets in re-engineering of meta data and knowledge repositories is demonstrated through examples.


Index Terms - Conceptual design, declarative and prescriptive knowledge, information system architecture and structure, repository of models, development methodologies.

I. INTRODUCTION


System development, even of moderate complexity, requires a cross-functional team - domain experts fully participating in the design process - capable of multi- dimensional (nD) modeling and concurrent engineering [Zan93]. Development of safety-critical systems [Lev94] challenges the state-of-art methodologies. This paper presents a formal notation which allows the modeling, storage, search and processing of system design information. By using the popular concept of spreadsheet structure it is feasible to communicate the design information to different audiences. The notation allows efficient recovery and modeling of generic schemata for processes, objects and views of information systems. Spreadsheet technology is normally used to represent and process numerical information. The conceptual spreadsheets proposed in this paper have been used to represent and process conceptual information in education, government and industry. The relationship between conceptual graphs [Sow84] and conceptual spreadsheets is described recently [Val95].

A. Motivation


In the field of system and software engineering many representations and methodologies have been proposed and studied [Web88, Son94]. A representation forms the main constituent of a system development methodology and CASE tools [Boo94, Coa95, Col94, Fir93, Gam94, Gra94, Rum91]. The graphical notations for some  of these methodologies are shown in Figure 1. Usually a representation includes more than one form selected from a multitude of textual, linear, tabular and graphical configurations and views. Some indication of the multitude of system information views  is given in Figure 2. with selected examples from a recent software engineering paper[Lev94]. Lack of a uniform, pragmatic notation results in designers doing ad-hoc coordination of  system level views.  


The goal of the conceptual spreadsheets named InfoMaps is to support productive recovery of declarative/factual and prescriptive/procedural knowledge communicated by different notational configuration and views. The recovered knowledge is “reposited” in InfoMaps in the formal, coherent, consistent and unambiguous format. InfoMaps are semantically simple. By processing InfoMaps different views of underlying formal knowledge are obtained. Different views (graphical, linear, tabular) are generated for users and compilers. Only minimal number syntactical constructs are defined. However the simplicity  and robustness of the InfoMaps syntax provides users with the optional expansion or contraction of the syntax. Development of consistent structures and views is facilitated by existence of a library of generic and coherent templates - schemata. The development of new templates allows for the building meta models and interfaces to existing methodologies, notations and legacy systems. InfoMap representation is based on the fundamental notions of set-concept and schema-relation. This provides InfoMap notation with meta modeling capability and power.  Until recently it was:


“virtually impossible to locate a given design component, search for patterns, change the structure, or keep it current, much less perform configuration management and version control or zoom in and out for communicating to different audiences  ...

It is only the advent of an automated model storage facility or repository that brings any of this into the realm of feasibility and makes [Information Systems] architecture a reality. ... the very existence of an automated storage mechanisms for models makes it clear that  [Information Systems] architecture is no longer mere intellectual entertainment.  It will become an imperative for any enterprise that intends to be a serious player in the information age.” [SOW92]



Figure 1. 
Graphic Notations of System

Figure 2. Examples of System Information Views


Methodologies

The recent focus of the research and development community is on re-engineering of business processes and legacy systems [Cra94, Spe93], whereby the implementation of Data Warehouses [Inm94,Inm95, Voz95] provides access and data share at the corporate level and across functions. Data bases have only recently started to be recognized as a corporate resource. There are some indications that in next few years the concept and technology of Knowledge Warehousing  will emerge supporting knowledge-intensive enterprises and learning organizations.


Re-engineering of businesses and systems is  top-heavy i.e. a large proportion of time and resources is used to prepare a project plan, prepare a cross-functional team, develop a business model and at least a conceptual model/catalog of “as-is” information resources. These activities are well supported by InfoMap technology. In addition,  models-InfoMaps developed during  initial phases of re-engineering,  will be processed, stored, and updated during the whole system life cycle,  leading towards a System Information System [Web88] or a Corporate Knowledge Base.

B. Structure of the Paper


This paper is organized as follows. In Section II the conceptual structure  of the Knowledge  Warehouse, based on the Zachman Framework [SOW92], is discussed. As well, the graphical, linear and spreadsheet forms of the conceptual models are compared. In Section III a few of Inman Generic Models [Inm95] for Data Warehousing are re-engineered and represented through conceptual spreadsheets - at schema, high-level and mid-level levels. Re-use of generic models for development of the Data Warehouses is presented  in Section IV.   Further developments are discussed on Section V. 

  II.  THE STRUCTURE OF THE KNOWLEDGE WAREHOUSE


The goal of this section is to interpret the conceptual hierarchy of Zachman’s Frameworks [Sow92] for Information Systems Architecture as a conceptual view of a Knowledge Warehouse. In this context, a System Information System supporting an enterprise “manufacturing” Information Systems, is considered as a specialized Knowledge Warehouse. This enterprise uses concurrent engineering, multi-dimensional (nD) system modeling and cross-functional development teams. The different types of Information Systems and production (software) processes require multiple work modes: solo, dyad or triad, small and large groups, and team of teams. The Knowledge Warehouse also supports  the centralized and distributed (networked) mode of operation. Knowledge Warehouse, by analogy to Data Warehouse, might be defined informally as Integrated, domain-oriented, nonvolatile, time-variant Collection of Processes and Objects Supporting Knowledge Workers. In this context the Knowledge Workers are producers of Information Systems. 

A. The Zachman Framework


Zachman’s framework for Information Systems Architecture provides a systematic taxonomy for relating the real world processes and objects with their abstract computer-oriented models, processes and objects. Figure 3 shows a conceptual hierarchy and contextual links between Information Systems. There is a relevant framework for each layer of the conceptual hierarchy: 

The owner of the PRODUCT is the customer of the  ENTERPRISE manufacturing the Product. The ENTERPRISE is the customer of the INFORMATION SYSTEM of the ENTERPRISE. The INFORMATION SYSTEM is the customer of the CASE TOOL producer. The CASE TOOL is being used to develop the INFORMATION SYSTEM.



Figure 3. 
Conceptual Hierarchy of Zachman’s

Figure 4.
Zachman’s ISA (Information System


Frameworks




Architecture Framework

A framework for the Information System layer, modeled as a 2D “conceptual” spreadsheet, is given in Figure 4. Rows of the spreadsheet correspond to the conceptual levels and perspectives (SCOPE) of PLANNER, OWNER, DESIGNER, BUILDER, SUBCONTRACTOR, OPERATOR. Columns of the spreadsheet address the issues raised by the following questions and respective answers:

WHAT? 
HOW?
WHERE?
 WHO?
WHEN?
WHY? 

DATA
FUNCTION  NETWORK  
AGENT/WORK
TIME/CYCLE
ENDS/MEANS


(In Figure 4, only the columns DATA, FUNCTION and NETWORK are shown).


The order of the columns is irrelevant. The schema - basic model - of each column is unique. Each cell of the spreadsheet is unique and dependent on the other cells in the row  and the column. The integration of all cell schemata in one row  represents a complete schema for that row. The integration of all row schemata constitutes a nD model - framework. 


Such multi-dimensional (nD) models are represented in InfoMap notation as the Conceptual Spreadsheets. 

B. The Conceptual Spreadsheet


By re-engineering the Zachman’s Framework an InfoMap was obtained (see Figure 5a) representing dependencies between the rows and columns of his original framework and spreadsheet. The InfoMap is a true, but not identical, representation of the original spreadsheet. It is obvious that a generator, driven by the InfoMap, could “reproduce” the original spreadsheet. The knowledge frame - Schema (see Figure 5b) -  allows to model the “Part-of” relationship of the Zachman’s Framework and represent an abstract view - model of the original rows’ and columns’ dependencies. Schema is an integral part of any InfoMap. Schema of an InfoMap is obtained by hiding appropriate rows and then collapsing identical columns.  For example in Figure 5b, columns 1 and 2 describe, by text in cells of column 6 and rows 1 .. 3, the elementary two schemata of the abstract view. Column 1 and 2 and rows 5 .. 7 define the  two elementary schemata.  the numbers in column 3 of the schema give the cardinalities of relevant sets - concepts. The numbers in column 4 specify the number of relevant, elementary relationships - columns.  
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Figure 5a.
InfoMap of Zachman’s Framework

Figure 5b. 
A Simple Schema of 
















Zachman’s Framework


There are two feasible strategies for producing InfoMaps. One consists of populating a schema  selected from a library of  the generic schemata supporting a given domain. For modeling new artifacts (new detailed knowledge), represented in a new notation or new methodology (new approach, paradigms, etc.), concurrent development of schema and its instantiation is recommended.

 C. The Components and Forms of the Conceptual Models


A representation should be flexible enough to cover wide spectrums of knowledge and at the same time, offer a level of formality commensurate with  complexity of the original or target application. It is important not to confuse form with contents. Textual, graphic, linear (expressions and statements) and table views are playing the role of a container. In a given context a container can only enhance the value of its real contents. Figure 6a show a graphic form of the model defined by column 1 of the conceptual spreadsheet in Figure 6b. 
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Figure 6a.
Graphic Views of a


Figure 6b.
A Schema for Zachman’s Framework

Schema Partition
InfoMaps are syntactically flexible and semantically simple. They are constructed by Sets representing Concepts and by Roles representing Conceptual relations. Roles are assigned to Sets to create a Schema, and to Set Members to create a Map. The Conceptual Hierarchy of a Schema depends on Conceptual Hierarchy of its Sets.

III. INMAN GENERIC DATA MODELS (TM)

Evolution of the corporate Information Systems from Functional Decision Support Systems (DSS) towards Data Warehouse and re-engineering of data bases created a market niche for  the generic data models. Process of converting  the Inman Generic Data Models into equivalent Generic Conceptual Graphs i.e. schemata and InfoMaps is presented in this section  

A. Modeling of Inman Models


Investigation of Inman Generic Data Models show a potential use of  the Texas Instruments IEF(TM) [Tex92] schema from a the Schemata Library obtained by modeling of popular methodologies and CASE tools (see Figure 7a). Re-engineering of the IEF schema produces a generic schema for the Inman Models (see Figure 7b). Inman Model for telecommunications industry at high- and mid-level and corresponding partitions of the InfoMaps  are presented in Figs 8, 9 and 10. Those partitions are consistent and coherent views of the Data Model created by population of the rows and columns cloned from the generic schema (see Figure 7b).



Figure 7a. 
A Schema of a Texas Instrument’s 
   Figure 7b.
Generic Schema for Inman’s 
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Models


Figure 8a.
An example of Inman’s Model

Figure 8b.
The Inman’s Model (E-R Diagram)
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Represented by InfoMaps


Figure 9a.
Mid-Level Data Model - Inman’s Notation

Figure 9b.
Mid-Level Data Model-

















InfoMap Notation



Figure 10a.
Mid-Level Data Model - Inman’s Notation


Figure 10b.
Mid-Level Data 

















Model - InfoMap 

















Notation

IV. BUSINESS RE-ENGINEERING: Building a Data Warehouse


In this section components and structure of Data Warehouse are described. Data Warehouse is defined informally as integrated, subject-oriented, non-volatile, time-variant collection of data supporting management decisions.  . 

A. Data Warehouse Components and Structure


A classical Data Warehouse structure is shown in Figure 11. Building a Data Warehouse consists of at least 5 steps: create data model, define system of records, design data warehouse, create transformation programs and load and maintain data warehouse (see Figure 12). Figure 13 show simplified structure of Data Warehouse of a US bank. In spite of a huge volume of data its data model is quite simple. 



Figure 11.
A Data Warehouse Structure



Figure 12.
Building Data 

















Warehouse


Figure 13.
Data Warehouse of a US Bank
B. Modeling of a Meta Data: Bank Loan Example


Loan schema is an example of a meta data of a bank [Bat93].   A classical Entity Relationship diagram (see Figure 14) is a graphical view of the schema. The limitations of such graphical representation are painfully obvious when there is a need to define and create subject-oriented and/or level of detail-oriented partitions as illustrated by Figure 15.    



Figure 14.
Bank Loan Schema



Figure 15.
A Partition of Bank Loan Schema
C. Repository of Data Models (Schemata) and Cases (Maps)


A library of generic data models  created as illustrated in Section III and in InfoMap representation is equivalent to developing a declarative Knowledge Base. A partition of generic schema in Figure 7a gives a meta model for the Knowledge Base.

V. FUTURE DEVELOPMENTS and CONCLUSIONS 


Building a System Knowledge Warehouse will be a subject of another paper. The generic schema in Figure 7a gives an initial meta model for a such Knowledge Base. A System Knowledge Base will serve as a repository of conceptual schemata and InfoMaps recovered by modeling of processes and objects described and defined in publications and CASE tools. Quite a number of schemata and InfoMaps are already developed [Jaw91-95, Kat92, Mic95]. Much more remains to be done. Building the  Interfaces to the System  Knowledge Warehouse is a complex task similar to developing Enterprise Information Factory(TM) [Voz95] and will require investment of similar resources.
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