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Preface

Cognition-driven decision support system (DSS) has been recognized as a 
paradigm in the research and development of business intelligence (BI). Cognitive 
decision support aims to help managers in their decision making from human 
cognitive aspects, such as thinking, sensing, understanding and predicting, and 
fully reuse their experience. Among these cognitive aspects, decision makers’ 
situation awareness (SA) and mental models are considered to be two important 
prerequisites for decision making, particularly in ill-structured and dynamic 
decision situations with uncertainties, time pressure and high personal stake. In 
today’s business domain, decision making is becoming increasingly complex. To 
make a successful decision, managers’ SA about their business environments 
becomes a critical factor. 

This book presents theoretical models as well practical techniques of cognition-
driven DSS. It first introduces some important concepts of cognition orientation in 
decision making process and some techniques in related research areas including 
DSS, data warehouse and BI, offering readers a preliminary for moving forward in 
this book. It then proposes a cognition-driven decision process (CDDP) model 
which incorporates SA and experience (mental models) as its central components. 
The goal of the CDDP model is to facilitate cognitive decision support to 
managers on the basis of BI systems. It also presents relevant techniques 
developed to support the implementation of the CDDP model in a BI environment. 
Key issues addressed of a typical business decision cycle in the CDDP model 
include: 

• natural language interface for a manager’s SA input;  

• extraction of SA semantics; 

• construction of data warehouse queries based on the manger’s SA and 

experience;  

• situation information retrieval from data warehouse;  

• how the manager perceives situation information and update SA; 

• how the manager’s SA leads to a final decision.  
Finally, a cognition-driven DSS, FACETS, and two illustrative applications of 

this system are discussed.  
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Two important features of this book clearly distinguish itself from other books 
in similar areas: 

(1) It is the first book to systematically discuss the theories, technologies and 
applications of cognitive decision support for BI.   

(2) It reflects the latest academic research progress as well as the state-of-art BI 
technologies by combing contemporary cognitive psychology, DSS, BI, and data 
warehousing.  

This book is mainly based on our past few years’ research developments in this 
field. The technologies presented in this book is up-to-date throughout some 
results come from ours and other authors’ recent publications. 

The potential readers of this book are organizational managers and practicing 
professionals, who can use the provided methods and software to solve their real 
decision problems; researchers in the areas of decision making, DSS and BI; 
students at the advanced undergraduate or Master’s level in management or 
business administration programs; and students at the advanced undergraduate or 
Master’s level in information systems, information technology and computer 
science programs.  

This book was organized into four major parts.  
(1) Concept part (Chapters 1, 2, 3 & 4) covers concepts and frameworks of 

decision making and general decision-making techniques in DSS.  
(2) Model part (Chapter 5) presents readers with the framework of cognitive 

decision support and the model of cognition-driven decision processes.  
(3) Technique part (Chapters 6, 7 & 8) discusses the specific techniques 

(methods and algorithms) of cognitive decision support. Readers will learn how 
information technologies are combined with cognitive psychology models to solve 
business decision-making problems.  

(4) System and Application part (Chapters 9, 10 & 11) introduces a cognition-
driven DSS, FACETS. FACETS is a successful implementation of the cognition-
driven decision process model, which was developed based on the models and 
techniques presented in this book. This part also demonstrates the evaluation 
results of FACETS and its two illustrative applications in business and public 
health respectively.  

Readers can gain various advantages from this book: 
As an academic, you will know the latest research progress of cognitive DSS in 

our research laboratory. This book provides a wide range of literature in many 
related areas, such as BI, data warehousing, cognitive psychology, naturalistic 
decision making, recognition-primed decision making, and natural language 
interface to databases. It also points out some potential topics for further research. 

As an information technology practitioner, reading this book, you will stay 
abreast of BI, and knowing the new generation of BI systems. The models, 
techniques and algorithms presented in this book will help you understand how to 
better support business managers’ work using the state-of-art BI technology.  

As a business manager, you will be presented with a new methodology to 
interpret your business problems from a new perspective. The technologies 
included in this book will provide a new vision for you to understand and handle 
your business problems. After reading the book, you should be able to identify 
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decision-making problems from real practices, to build mental models, and then to 
use the cognition-driven DSS provided in the book to support your decision 
making. 

As a tertiary student, you will have a chance to touch on a wide rang of 
information technologies, which will be a starting point for your future study and 
career. You will also learn how to convert business problems into research 
projects.  

We wish to thank the Australian Research Council (ARC) as the work 
presented in this book was partially supported under ARC Discovery Projects 
DP0559213 and DP0880739; the many researchers who have worked in DSS, BI 
and related areas over the past several decades, whose significant insights we have 
drawn on in the book and whose well-known publications are included in the 
bibliography; the researchers and students in the Decision Systems & e-Service 
Intelligence (DESI) research laboratory, and from the Faculty of Engineering and 
Information Technology at the University of Technology Sydney (UTS), who 
suffered through several versions of the DSS presented in this book and whose 
comments improved it substantially; and the editors and production staff at 
Springer, who helped us to ensure the book was as good as we were capable of 
making it. 

Sydney 
May 2009 

Li Niu, 
DESI, University of Technology, Sydney 

Jie Lu, 
DESI, University of Technology, Sydney 

Guangquan Zhang, 
DESI, University of Technology, Sydney 



Contents

Part I: Concepts 

1      Decision Making and Decision Support Systems………………………….3 
1.1   Decision Making and Decision Makers…………………………………3
1.2   Decision Problem Classification..............................................................4
1.3   Decision-Making Process ........................................................................5
1.4   Decision Support Systems .......................................................................8

          1.4.1   The Concept ..................................................................................9
          1.4.2   Characteristics ...............................................................................9
          1.4.3   Types...........................................................................................10

1.5   Decision Support Techniques ................................................................11
          1.5.1   Optimization................................................................................12
          1.5.2   Multiple Criteria Decision Making .............................................12
          1.5.3   Data Mining ................................................................................13
          1.5.4   Case-Based Reasoning ................................................................15
          1.5.5   Decision Tree ..............................................................................16

1.6   What’s New in This Book?....................................................................17
          1.6.1   The Decision Problems Oriented in This Book...........................17 
          1.6.2   New Models and Techniques for Ill-Structured Decision  

               Problems .....................................................................................18 

2 Business Intelligence………………………………………………………19 
2.1   What Is Business Intelligence? .............................................................19

         2.2   The Architecture of a Business Intelligence System.............................20
         2.3   Analytics of Business Intelligence........................................................22
         2.4   Commercial Tools ................................................................................24

            2.4.1   SAS Business Intelligence ........................................................24
            2.4.2   IBM Cognos Business Intelligence ...........................................26
            2.4.3   SAP BusinessObjects Business Intelligence .............................27

         2.5   Limitations............................................................................................28
         2.6   Summary...............................................................................................29

3 Managerial Cognition……………………………………………………..31 
3.1   The Concept of Cognition…………………………………………..............31

         3.2   Situation Awareness .............................................................................32



X Contents

         3.3   Mental Models ......................................................................................33
         3.4   Naturalistic Decision Making ...............................................................34
         3.5   Summary...............................................................................................37 

4 Cognition in Business Decision Support Systems……………………….39 
4.1   Complex Nature of Business Decision Making.….…………………..39 

          4.2   Cognition in Business Decision Making..............................................41
          4.3   Cognition Oriented Information Systems ............................................42

             4.3.1   Cognitive Decision Support Systems .......................................42
             4.3.2   Case-Based Reasoning Systems...............................................44
             4.3.3   Natural Language Interfaces to Database.................................44

                    4.3.3.1   Pattern-Matching NLIDB Systems ............................45
                    4.3.3.2   Syntax-Based NLIDB Systems..................................45
                    4.3.3.3   Semantic Grammar NLIDB Systems.........................48

         4.4   Summary...............................................................................................50

Part II: Models 

5 Cognition-Driven Decision Processes…………………………………….53 
          5.1   Essentials of Cognition-Driven Decision Making ...............................53

             5.1.1   The Conceptual Framework of Cognitive Decision Support ...53
             5.1.2   Cognition-Driven Decision Processes......................................55
             5.1.3   User Centered Decision Processes ...........................................56

          5.2   The Cognition-Driven Decision Process Model ..................................57
             5.2.1   Situation Retrieval....................................................................59

                    5.2.1.1   Information Retrieval and Situation Retrieval ...........59
                    5.2.1.2   Information Need and Knowledge Need ...................62
                    5.2.1.3   Situation Retrieval Process ........................................63

             5.2.2   Generating Navigation Knowledge ..........................................68
             5.2.3   Situation Presentation...............................................................69
             5.2.4   Situation Awareness Updating .................................................69
             5.2.5   Decision Generation.................................................................70
             5.2.6   The Decision Cycle ..................................................................71

          5.3   Summary..............................................................................................73

Part III: Techniques 

6       Domain Knowledge Representation and Processing……………………77 
          6.1   Ontology ..............................................................................................77

             6.1.1   Basics of Ontology...................................................................77
             6.1.2   Property-Share Relationships ...................................................78
             6.1.3   Class Tree.................................................................................80
             6.1.4   Class Graph ..............................................................................83
             6.1.5   Role of the Ontology................................................................84
             6.1.6   Synonyms.................................................................................84
             6.1.7   Class Similarity ........................................................................85



Contents XI 

          6.2   Experience ...........................................................................................86
             6.2.1   Experience Representation .......................................................87
             6.2.2   Experience Elicitation ..............................................................88
             6.2.3   Creating an Experience Base....................................................89
             6.2.4   Cues..........................................................................................91
             6.2.5   Extracting Cues ........................................................................92
             6.2.6   Knowledge Retrieval................................................................94
             6.2.7   Generating Navigation Knowledge ..........................................95

          6.3   Summary..............................................................................................96

7       Natural Language Processing for Situation Awareness………………...97
          7.1   Link Grammar Parser...........................................................................97
          7.2   Information Types ...............................................................................99
          7.3   The Process of Situation Awareness Parsing.....................................100
          7.4   SA Plain Parsing: Instance Recognition ............................................101

             7.4.1   Numeric Meta Instances.........................................................102
             7.4.2   Literal Meta Instances ............................................................103
             7.4.3   Reference Properties ..............................................................105

          7.5   SA Semantic Parsing: Class Inferring................................................105
             7.5.1   Class Trigger Construction.....................................................106
             7.5.2   Triggering Rules.....................................................................108
             7.5.3   Reducing Uncertainties of SA Triples........................................112

          7.6   Local Context Determination.............................................................114
             7.6.1   Context Position Points ..........................................................114
             7.6.2   Context Coverage Points ........................................................116
             7.6.3   Inverse Context Specificity Points .........................................116
             7.6.4   Local Contexts .......................................................................117

          7.7   Summary............................................................................................118

8       Data Warehouse Query Construction and Situation Presentation…...119 
          8.1   Query Languages for Data Warehouses………………………….....119

             8.1.1   Structured Query Language ...................................................119
             8.1.2   Multidimensional Expressions ...............................................121

          8.2   Framework of Query Construction and Situation Presentation .........124
          8.3   Determining Query Data Sources ......................................................126
          8.4   Constructing SQL Queries.................................................................127
          8.5   Constructing MDX Queries ...............................................................131
          8.6   Navigation-Knowledge-Guided Situation Presentation .....................136
          8.7   Data Analysis and Situation Presentation ..........................................138
          8.8   Summary............................................................................................139

Part IV: Systems and Applications 

9       A Cognition-Driven Decision Support System: FACETS……………..143 
          9.1   The Development Environment .........................................................143
          9.2   The Architecture of FACETS ............................................................143



XII Contents

          9.3   Subsystems of FACETS ....................................................................145
             9.3.1   Data Warehouse System.........................................................145
             9.3.2   Ontology Management ...........................................................145
             9.3.3   Experience Management ........................................................146

                   9.3.4   Situation Awareness Management.........................................148
                9.3.5   Situation Awareness Parsing..................................................149
                9.3.6   Situation Awareness Annotating............................................150
                9.3.7   Query Builder ........................................................................150
                9.3.8   Situation Presentation ............................................................151
          9.4   The Cognition-Driven Decision Process Based on FACETS ............155
          9.5   Summary............................................................................................156

10       Evaluation of Algorithms and FACETS………………………………157
          10.1   Experiment Preparation ...................................................................157

              10.1.1   Data Warehouse ..................................................................157
              10.1.2   Ontology..............................................................................158
              10.1.3   Experience Base ..................................................................158
              10.1.4   Subjects ...............................................................................159

          10.2   Experiment One: Algorithm Evaluation ..........................................159
              10.2.1   Experiment Design..............................................................159
              10.2.2   Meta Instance Recognition..................................................162
              10.2.3   Class Inferring.....................................................................164
              10.2.4   Local Context Determination ..............................................167
              10.2.5   SA Triple Generation ..........................................................169 

                    10.2.6   Optimization Analysis...........................................................................170
          10.3   Experiment Two: System Evaluation ..............................................171

              10.3.1   Experiment Design..............................................................171
              10.3.2   Query Construction Evaluation ...........................................172
              10.3.3   FACETS Evaluation............................................................173

          10.4   Summary..........................................................................................177

11       Application Cases of FACETS...............................................................................179
          11.1   Application Case I: Business ...........................................................179

              11.1.1   Organization Background....................................................179
              11.1.2   The Ontology ......................................................................182
              11.1.3   The Experience Base...........................................................182
              11.1.4   Decision Situation ...............................................................183
              11.1.5   Decision Process .................................................................183
              11.1.6   Final Decision .....................................................................210

          11.2   Application Case II: Public Health ..................................................210
          11.3   Summary..........................................................................................214

References………………………………………………………………………215 

Abbreviations………………………………………………………………………….233

Index……...……………………………………………………………………..…………235



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




