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Abstract 

Current commercial measurement systems are used primarily for performing 

measurements and recording data. Measurement users either expend extra effort to store 

and maintain other measurement information (metadata) or to customize the measurement 

system to make it functionally complete. A software measurement environment using 

advanced data management techniques in an open architecture seems highly desirable. To 

create such an environment, a Display Measurement and Analysis System (DMAS) was 

designed and constructed using the object-oriented paradigm and object-oriented database 

(OODB) management techniques. The purpose of the system is to serve as a testbed for 

new generation measurement systems and for overcoming the limitations of conventional 

systems. 

This thesis proposes a new object data model for display measurement and analysis 

applications. The components of this data model are object classes. The generation of the 

data model involved four steps, dealing with: objects and classes at given level of 

abstractions, semantics, and relationships. A prototype system based on the above model 

has been developed. It used an object data management system as the support of persistent 

object storage. The development of DMAS database management subsystem consists of 

construction of an object schema and an object management interface. The research work 

illustrates that the OODB approach facilitates scientific measurement by capturing 

metadata and data together explicitly and flexibly. Furthermore, it show thats OODB has 

the ability to represent complex semantics, to associate objects with metadata, and to map 

a lucid interface easily to objects.
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1. Introduction 

The main function of computerized measurement systems is to extract knowledge from the 

physical world of events with the aid of a computer [SHH90]. They have been used in 

diverse domains and industries, for vision systems, display and control, medicine, digital 

and signal processing. A display measurement and analysis system is involved with 

measuring visual display devices and analyzing display qualities. While specialized in the 

display technology domain, display measurement systems share their most common 

characteristics with other measurement systems. They are all involved with measuring an 

object (measurand) by interacting with physical instruments and with the application of 

computers as information processing devices [Szti89]. General functions of measurement 

systems include: information acquisition, information processing, and information output 

[Herc72]. 

Current commercial measurement systems are used primarily for obtaining and recording 

measurement data into data files. Using conventional display measurement systems, the 

user must either record and keep track of other important measurement information, or 

customize the system for specific user purposes. When the number and size of data files 

increase, the measurement system users face problems of accessing reliable measurement 

data and coping with increased complexity. With measurement technology advances, the 

measurement systems are facing the problem of evolving conventional systems, hopefully 

through reuse of software. 

The purpose of this research is to address the problems of current measurement systems 

using object-oriented database management technology [GH91, Hugh91, Kim90, MKK90, 

ZM90]. A data model [TL82] for a display measurement system is suggested by exploiting



the problem space of a display measurement and analysis system and decomposing its 

objects and classes. Also proposed are architectural and system design issues for 

implementing the proposed data model into a prototype system using the support of an 

object data management system (ODBMS). We will investigate the suitability of the 

object-oriented database management paradigm for the development of a display 

measurement system. 

1.1 Current Display Measurement Systems 

Visual displays, such as televisions, computer terminals, and digital watches, have been 

used for decades in a wide variety of product lines. The accuracy and speed of information 

reception from the display are critical to human task performance [Sndy85a]. The Displays 

and Controls Laboratory (DCL), a division of the Human Factors Laboratory of Virginia 

Polytechnic Institute and State University, has specialized in measuring and analyzing 

display devices for the study of human visual performance. This section will briefly 

introduce the current measurement hardware and software used by DCL, and highlight the 

limitations of current measurement systems. 

1.1.1 Display Measurement Hardware 

The measurement hardware used will vary with the type of measurements to be made. 

There are three basic types of measurements: spatial, temporal, and spectral. A spatial 

measurement yields luminance as a function of position. A temporal measurement yields 

display parameters as a function of time. A spectral measurement yields the radiance 

spectrum of the display. 

As shown in Figure 1, a display measurement system generally consists of a target of 

measurement, a detector, and an IBM-PC XT or more powerful system [Deck89]. A 

target is a display device to be measured, such as a CRT monitor. A detector is used for 

scanning and detecting the display luminance. A PC is often used as a controller and a 

programmable function generator. A human operator issues commands to the PC, which
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controls the detector hardware. Measurement data collected from the hardware are sent to 

the PC to be saved, displayed, and further processed by the operator. 

1.1.2 Display Measurement Software 

The current measurement software for collecting display luminance data was called 

GAMMA, supplied from a commercial measurement manufacturer. It was written in 

BASIC for an IBM-PC XT. The code was neither portable nor easy to use. Commands for 

menu selections were shown at the bottom of the screen. The measurement system 

prompted for the user's input to prepare and make a measurement. Immediately after a 

measurement was made, a graphical representation of data was shown on the screen. The 

user might save the data into files on computer disks. A number of no more than 3 digits 

needed to be supplied in order to save the data into numbered files with the format 

D##H.DAT. 

The measurement data files stored only direct measurement data from instruments. 

However, the measurement data suite should include other pertinent information 

(metadata), such as who made the measurement, measurement device, measurement 

conditions, the maximum and minimum viewing distance, date and time of measurement, 

project name, etc. These data were usually recorded in a logging file by the user. A data 

conversion was required to merge the data file and the logging file to yield useful file 

formats. 

To convert the measurement data into other useful file formats, a conversion program 

called S CONVRT was used. This program helped the conversion of measurement data to 

a standard file format and the conversion of this standard file format to other file formats, 

such as a standard DCL file, an AUTOCAD script file or other text file formats. The 

AUTOCAD script files were processed by AUTOCAD to graphically display data on the 

screen and output data to a printer. The standard DCL files were used by a display 

analysis software to further process data and obtain relative display quality metrics. 

Because the current measurement system used a file system for all data storage, the 

retrieval and indexing of a measurement was done manually by checking the names of data



files. When a large number of measurements had been made, these measurements became 

hard to retrieve and maintain because the data file names contained only minimal 

information. 

While the measurement technology advances quickly, DCL had found the current 

measurement system unable to evolve and satisfy new measurement needs. There was a 

urgent demand to incorporate measurement, analysis, and data management in a single 

comprehensive system which was able to adapt to new changes and additions. 

1.1.3 General Measurement Procedure 

The general procedure for setting up the current measurement system and performing 

measurement and analysis on display devices involves the following steps: 

1. Prepare the measurement hardware for a new set of measurements: 

The user first sets up the hardware by turning on the instruments and positioning the 

detector system to receive light from the display device. 

2. Activate the data collection software: 

The user activates the data collection system by entering "GAMMA" at the DOS prompt. 

3. Set up a new measurement: 

From the main menu screen, key in | for calibration (1:CAL). At the next screen, key in 5 

for measurement (5:MEASR). The screen should display a "STARTING AP" prompt for 

a Starting aperture position, and an "ENDING AP" for the ending aperture position. After 

specifying the length of scan, a "STEP SIZE" prompt calls for a step size in micrometers, 

and a "DEVICE NAME" prompt calls for the name of measurement. The system is then 

completely set up and ready for scanning data. 

4. Collect measurement data: 

By pressing any key on the keyboard, the system begins to scan the display target and 

collect luminance data. The progress of measurement is shown on the screen as the target 

is scanned by successive steps.



5. Display and plot data: 

A graphical presentation of the measurement luminance profile is shown on the screen. 

6. Save the data into a file: 

The measurement data can be saved in a file by typing 9 (for 9: WRITE). A file number 

prompt allows the data to be stored in a file named "D###.DAT", where ### is the three- 

digit file number specified by the user. 

7. Exit the system: 

Enter <CTRL+BREAK> to end the program and then quit the BASIC mode. 

8. Conversion of data using a logging file: 

Enter "S_CONVRT" to activate the conversion program. A list of conversion choices are 

shown on the screen. Enter 0 for converting EG&G Gamma data to a DCL standard file 

format. A file number and a device name are then requested. The user must either 

remember or write down these names in order to obtain the correct data. The system 

should prompt for logging data parameters, including project name, operator, device 

measured, measurement condition, maximum and minimum viewing distance, 

measurement date/time, and measurement system, etc. After ensuring the correct input, 

the program converts data to a standard DCL file with an extension of "DCL". Similarily, 

the Gamma data can be converted to other useful file formats, such as an AutoCAD script 

file. 

9. Display, dimension, and print data: 

Enter "AUTOCAD" to launch the AutoCAD commercial software. AutoCAD provides a 

powerful CAD tool for plotting, dimensioning, and printing the measurement data. 

10. Analyze data: 

Enter "DSL_ANAL" to launch the display analysis program, which uses the standard DCL 

file as input. It will calculate and display the image quality metrics, including the important 

Modulation Transfer Function (MTF) metrics.



11. Retrieve data: 

Retrieval of data is associated with the searching of data files. Since these data file names 

provide minimal information to the user, the best way to find data is to write down and 

record the data file names and device names. Searching is done manually, which involves 

looking at the name and date/time of a data file, and typing in the file name to find if it 

contains the desired measurement data. 

1.2 Problem Statement 

Initially, display measurement systems were simple devices used to measure the luminance 

of the display. Display research soon developed new tools for the analysis of display 

devices. These tools required the measurement of luminance as a function of display 

distance, so luminance profile data could be analyzed to yield unitary metrics of display 

quality. The early measurement systems required all data to be collected manually. The 

large amount of data kept these new techniques from gaining wide use. As the cost of 

computing software and hardware fell, automated systems were developed that ran on 

inexpensive personal computers. 

With the advent of microprocessor technology in the last decade, computerized 

measurement systems are now able to make measurements in milliseconds that once took 

hours. This new measurement speed has created new challenges. Since measurements can 

be made more quickly, more measurements are made. Today's measurement users are 

facing problems of increased complexity and large amounts of data. Typical problems 

include: 

1. Most measurement systems store very little data to disks other than measurement data 

that are collected by instruments [KFB91]. The user must record and keep track of other 

important metadata regarding measurement and analysis. Retrieval of measurements is 

done manually on archives of disk files. This leads to significant problems in retrieving and 

managing measurement data when the number and size of data files grow over months and 

years.



2. Current measurement systems rarely provide good interfaces for the users [PE91]. The 

most common interfaces provided are form-based interfaces with simple menu selections. 

Measurement engineers generally require extra effort to customize and maintain the 

measurement system for their specific purposes [Jako89]. 

3. As measurement technologies advance quickly, measurement systems must evolve with 

changes and new technologies. An effective way needs to be found to build in new 

capabilities and functionalities to measurement systems with minimum cost. 

To address these limitations of conventional measurement systems, this thesis presents a 

new and flexible way to construct a Display Measurement and Analysis System (DMAS). 

The main objective of the DMAS is to build a comprehensive and easily usable 

information system for display measurement and analysis. To be comprehensive, the 

system must incorporate measurement, analysis, graphical display, and data management 

in a single software package, which will adapt to new changes and additions. As 

measurement technology advances and new analysis occurs, the system can be extended 

with minimum costs. To ensure usability, we must consider the system as interacting with 

measurement users, and design the interface from the user's perspective. To be an 

information system, the new system must store all information regarding measurement and 

analysis using a database management system for the support of efficient data storage and 

management. 

1.3 Hypothesis 

Based on the problem statement of current measurement systems and related literature 

review, the following hypothesis was proposed: 

The object-oriented database (OODB) approach facilitates scientific measurement by 

capturing metadata and data together explicitly and flexibly.



The reasons of choosing the OODB technology [GH91, Hugh91, Kim90, MKK90] 

include the following: 

¢ OODB has the ability to represent complex semantics. 

¢ OODB provides the ability of associating objects with metadata. 

¢ Using OODB technology, a lucid interface will be easily mapped to objects. 

1.4 Research Objectives 

The objectives of this research are concentrated on the proof of previous hypothesis by 

constructing an OODB environment for DMAS. These objectives are: 

1. Create an object data model and schema design for display measurement and analysis. 

2. Develop an efficient object database management prototype system for storage, access 

and manipulation of display measurement information. 

The first objective is to devise an information model for the display measurement and 

analysis system (DMAS) from the object-oriented point of view. By using the object- 

oriented design approach, objects and classes are invented and decomposed to form an 

object data model by classification and abstraction. This object data model is designed as 

an open structure so that new features can be easily accomodated. 

The second objective is to develop an efficient object database management subsystem as 

a kernel for the DMAS prototype. The prototype system will be able to store, retrieve, and 

manipulate measurement information efficiently with a graphical user interface. It is 

designed with an open architecture so that new features and functionalities can be easily 

incorporated. An object-oriented programming language with an application framework is 

used to provide the programming environment that supports object-oriented application 

development. An ODBMS is to be used to support the persistent object storage and 

management.



I.5 Organization 

Chapter 2 presents a review of works which are background to or can be compared with 

the DMAS prototype system. The areas considered include display measurement systems, 

object-oriented software development, data models and object-oriented database 

management systems. 

Chapter 3 discusses the object data model created for the DMAS using an object-oriented 

design approach. The model consists of five object classifications: base objects, 

measurement objects, graph data objects, target objects, and analysis objects. 

Chapter 4 presents the methodologies used in the DMAS prototype system. It first 

describes the system and programming environment. It then discusses the suitability of 

Borland C++ with Application Framework as the application development environment, 

and the ObjectStore ODBMS as the persistent object storage and management support. 

Chapter 5 presents the design of the DMAS prototype system. It first discusses the system 

architecture and general design issues. It then presents the object data management 

subsystem in two layers: the object schema layer, and the object management interface 

layer. 

Chapter 6 summarizes the research presented in this thesis. It discusses the current system 

status and our object-oriented database development experiences, and recommends future 

work. 

10



2. Literature Review 

This chapter examines research ideas which can be compared with those used in the 

DMAS prototype system. It first reviews the evolution of display measurement systems 

and then discovers the problems with the current commercial systems. Next is an overview 

of the object-oriented paradigm. Since data modeling is central to database design, the 

literature related to data models is surveyed extensively. Critical to successful 

implementation is the use of a proper ODBMS. This chapter also reviews current 

commercial ODBMSs that have been reported in the literature. | 

2.1 Computerized Measurement Systems 

Initially, measurement systems were simple analog systems used to collect data manually. 

In the 1960s, the appearance of minicomputers initiated a proliferation of research on 

computerized measurements [Szti89]. Substantial advances have occurred during the past 

decade with the advent of microcomputers. Computerized systems provide much greater 

versatility and flexibility than simple analog systems [Herc72]. In computerized 

measurement systems, the operator communicates with the system by an operator's 

console, usually consisting of a CRT display and an associated keyboard. The operator 

may specify certain measurement and control variables, request continuous measurements, 

output measurement data, or perform analysis. The advantages of computerized systems 

include: increased computing capabilities, abilities to access a mass storage memory, and 

possibilities of using standard software and connecting with a network [Nowa89]. 
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These advances in measurement technologies have caused new problems for measurement 

users. Since measurements are made more quickly, more measurements are made. Users 

are faced with increased complexity and large amounts of data. There are needs to manage 

and access measurement data more effectively, to provide better user interfaces to 

measurement users, and to evolve measurement systems with less effort. 

Measurement system developers are seeking more advanced computer technologies to 

provide more reliable and flexible systems to measurement users. Table 1 shows a list of 

related measurement systems we consider with advanced features and technologies. 

Among these technologies, DBMSs are perhaps the most common technologies applied 

since they provide massive data storage and effective management of measurement 

information. The importance of data management was addressed by Christian in the area 

of process industries [Chri90]. He demonstrated the benefits of effective management of 

data in the following areas: accuracy, reduced errors, reduced man-hours, and responses 

to changes. Measurement applications using DBMSs include [KFB90, VGSF92]. These 

systems provide greater functionality regarding storing and managing data, and more 

flexibility than non-database measurement systems. However, these systems are record- 

oriented, and tend to have limitations in complex data modeling and extensibility. 

Artificial intelligence (AI) and expert systems are other important technologies used for 

measurement systems. Sztipanovits discussed the significant new opportunities offered by 

AI for the designers of measurement systems [Szti89]. White and Carson et al. illustrated 

the importance of integrating measurement, information, and decision-making in fault 

diagnosis of machinery and critical care medicine, respectively [CCS91, Whit91]. Various 

related AI applications were found in the literature, including [Cars90, MNF90]. 

Object-oriented technology has been newly explored. Sztipanovits advocated object- 

oriented programming (OOP) as one of the most attractive paradigms for intelligent 

measurement systems [Szti89]. Pizzi and El-Hakim proposed an object-oriented design 

strategy for vision-based coordinate measurement systems [PE91]. They proposed the 

benefits of using this new methodology as providing: a more lucid and intuitive user 

interface, greater accuracy and reliability, and easier porting of the general measurement 

system to specific applications. However, not much has been reported so far with respect 
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to object-oriented data management applications. Nevertheless, this field is believed to 

offer potentially powerful impact on measurement systems. 

Table 1. Related Measurement Systems 

  

  

  

  

  

Measurement Systems Data Management Features 

Fadda et al., 89 Files Simple and fast analysis. No management of 

general information 

Klicker et al., 90 Relational database Organized storage of measurement data and 
associated descriptive information in tables 

(metadata) 

Christian, 90 Relational database Easy transfer of data to complementary 

applications. Flexible reporting capabilities via 
SQL 

Pizzi et al., 91 Files Object-oriented strategies. Benefits: improved 
reliability via decentralized objects, information 
hiding, sharing and reuse of code, and greater 
extensibility 

    Vaez-Ghaemi et al., 92 CAD database files Knowledge-based system (graphical data, 
diagnosis strategy, information on measuring 
tasks). A post-processor is needed to convert the 
data to metafiles required for graphic system       

  

2.2. Object-Oriented Paradigm 

This section examines the basic concepts of the object-oriented paradigm and three major 

stages in the object-oriented software development life cycle: object-oriented analysis, 

object-oriented design, and object-oriented programming. 

2.2.1 Basic Concepts of the Object-Oriented Paradigm 

Hendern-Sellors defines a paradigm as "a commonly accepted model of some part of the 

world." He defines the object-oriented paradigm as having three essential concepts: 

encapsulation and/or information hiding, abstraction by classification, and polymorphism 

as implemented through inheritance [Hend92]. 
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Khshafian and Abnous describe object-orientation as "software modeling and development 

(engineering) disciplines that makes it easy to construct a complex system from individual 

components" [KA90]. They point out three fundamental aspects of the object-oriented 

paradigm: abstract data types (a set of objects with the same representation), inheritance 

(enables code sharing and reusability), and object identity (the property of an object that 

distinguishes it in the object space) [KA90]. Khshafian and Abnous discuss the evolution 

of three emerging object-oriented technologies: object-oriented programming, object- 

oriented databases, and object-oriented user interfaces. 

Cox defines the object oriented paradigm as "a system building tool which puts the 

reusability of software at the center of the software development process" [Cox86]. Cox 

adopts the Smalltalk definition of the object-oriented concepts: objects, messages, classes, 

methods, and inheritance [Cox86]. 

Wegner defines object-orientation as objects (a set of operations sharing a local state), 

classes (an instantiable implementation that defines one or more interfaces), class 

inheritance, and information hiding (encapsulation) [Wegn89]. 

In summary, the object-oriented paradigm or object-orientation can be defined as the 

disciplines involved with software modeling and development using objects, classes, 

encapsulation, and inheritance. The basic concepts of object-orientation considered in this 

research include: 

Objects 

An object is the primitive element of the object-oriented paradigm. It encapsulates both 

information and operations. 

Classes 

A class is a generic specification or template for a set of similar objects. A class 

encapsulates the set of values and the associated methods (operations) for an object. All 

objects are instances of some class. 
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Messages 

An object accesses another object by sending it a message, which consists of the name of 

an operation and its arguments. The sender of the message is requesting the receiver to 

perform some operation and return related information. The set of messages to which an 

object can respond is known as the behavior of the object. 

Methods 

A method or operation is the sequence of steps executed in response to receiving a 

message whose name matches the name of the method. It's part of the representation of an 

object. 

Encapsulation 

The packaging of behavior and data structure together with an object is called 

encapsulation. It provides information hiding of the internal implementations from the 

outside user. 

Inheritance 

Inheritance is the ability of one class to define the behavior and data structure of its 

instances as a subset of those of another class or classes. Inheritance enables structure 

sharing and code sharing, and enhances reusability. It provides a natural abstraction 

mechanism for organizing information. 

Polymorphism 

Polymorphism, or overloading of operations, is the ability of two or more classes of 

objects to respond to the same message, each in its own way. Polymorphism allows the 

programmer to recognize and exploit similarities between different classes of objects 

without being concerned with the particular class receiving a message. 

2.2.2 Object-Oriented Software Development 

Software development is an incremental and iterative process with the following major 

stages [CLF92] as illustrated in Figure 2: 
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Analysis: defines the scope of the problem to be solved. 

Design: revises and extends the analysis by providing a computational specification of 

how to realize the software that meets the system requirements. 

Implementation: provides an expression of design suitable for the target environment by 

means of specific language constructs. 

Object-oriented software development contains the same major stages. Specifically, it 1s 

involved with a process of classification and decomposition of the user's needs into classes 

and objects that can achieve an efficient implementation. An overview of object-oriented 

analysis, design and programming is given in the following sections. 

2.2.3 Object-Oriented Analysis 

Object-oriented analysis (OOA) examines the requirements from the perspective of the 

classes and objects found in the vocabulary of the problem domain. It is an incremental 

and iterative process focusing on the identification, classification, decomposition, and 

specification of classes and objects. 

OOA is typically represented by the work of Coad & Yourdon [CY91], and Shlaer & 

Mellor [SM88]. Coad & Yourdon define five layers called subjects, classes and objects, 

structures, attributes, and services. Subjects are subsystems or categories of classes. 

Structures deal with inheritance and part-of relations. Attributes describe characteristics of 

an object. Services are operations provided by an object. Each layer consists of four 

horizontal components: human interaction, problem domain, task management, and data 

management. The human interaction component includes objects for designing user 

interfaces. The problem domain component manages the analysis of certain OOA classes 

and objects, structures, attributes, and services. The task management component 

associates with real-time task communication and management. The data management 

component is to manage the access of persistent data. 
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Figure 2. Software Development Life Cycle 
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2.2.4 Object-Oriented Design 

Grady Booch defines Object-Oriented Design (OOD) as a "round-trip gestalt" design 

process [Booc91]. The design steps include: identifying classes and objects, identifying 

semantics of classes and objects, identifying relationships among classes and objects, and 

implementing classes and objects. It introduces notations for representing classes, 

objects, modules, subsystems, state transitions, timings and processes. Each can be 

represented graphically as an icon, and textually as a template. Booch's OOD approach 

provides a comprehensive view of object-orientation with a rich set of graphical notations. 

Wirfs-Brock, Wilkenerson, and Wiener proposed a coherent Responsibility-Driven design 

technique [WWW91]. It models design as clients and servers who collaborate in ways 

specified by contracts. It introduces the following steps of the object-oriented design 

process: finding the objects, determining their responsibilities, determining 

collaborations, building class hierarchies, streamlining the collaborations: between 

classes, and specifying object interfaces called protocols. 

Object-Oriented Modeling and Design (OMT) was introduced by Rumbaugh et al. 

[Rumb91]. OMT provides three models: object model, dynamic model, functional model, 

and a method to apply these models. The design is centered on the object model, which 

emphasizes associations between objects. The dynamic model is based on state diagrams. 

The functional model consists of data-flow diagrams. 

2.2.5 Object-Oriented Programming 

Object-oriented programming languages (OOPLs) support the basic object-oriented 

concepts discussed above, though their terminologies might vary. Among them, Smalltalk, 

C++ and Objective-C are perhaps the most popular languages. 

Smalltalk is an object-oriented interactive environment that integrates the object-oriented 

programming environment with a menu-based user interface. It provides an extensive class 

hierarchy and supports a rich set of object-oriented concepts, including classes, 
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inheritance, and object identity. It also provides windows, graphics, editors, and 

debugging facilities. The difficulty with Smalltalk might be that everything programmed in 

Smalltalk must live in the Smalltalk environment, which is also its strength [KA90]. 

C++ is an evolutionary enhancement to the conventional C language. It was developed as 

an object-oriented extension of C by Bjarne Stroustrup at AT&T Bell Laboratories in 

1983 [Stro86]. C++ was designed to be a better C, and to support data abstraction and 

object-oriented programming [Stro86]. The key concept in C++ is class. A class is 

considered as a user-defined type that supports data abstraction, inheritance, and operator 

overloading. Unlike Smalltalk, C++ does not come with a large collection of predefined 

classes, but it does provide flexible C++ libraries supplied by venders. It attracts large 

groups of programmers in thousands of industries, and tends to be a real language winner 

[Jaco93]. 

Objective-C is a superset of C [Cox86]. It incorporates the major object-oriented concepts 

from Smalltalk. Objective-C does not extend the definition of any existing C construct. It 

adds precisely one new data type, the object, and precisely one new operation, the 

message expression, to those C provides already [Cox86]. The features of object-oriented 

programming used in Smalltalk such as dynamic binding (operator overloading) is 

implemented as a set of extensions to the C language [Cox86]. 

2.3 Database Management Systems (DBMSs) 

DBMSs are computerized information systems which maintain information and make that 

information available on demand [Date86]. A database usually contains information about 

one particular enterprise, and a collection of data shared by many users over a long period 

of time. A database system is an implementation of a data model. It also provides a set of 

facilities to help maintain the database. 

The discussion of DBMSs should cover the important data model issues and the new 

object-oriented database management technologies. 
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2.3.1 Data Models 

A data model is the core of a database system, which allows the capture of meaning or 

knowledge of data as related to the world. It is an abstraction device that allows us to see 

the information content of data as opposed to the individual values of data [TL82]. Data 

modeling is central to database technology because it provides a viewpoint for 

conceptualizing data and a formal basis for designing database systems [Hugh91]. 

The evolution of data models involves new database technology to better represent the 

model of information. Conventional data models include hierarchical, network and 

relational data models. A new generation of data models, available since the 1980s, 

includes the semantic, extended relational, and object-oriented data models. These new 

data models are gaining more attention from database developers and researchers [ZM90]. 

For example, object-oriented data models influenced by object-orientation (OO) concepts 

of object-oriented languages have shown their power in developing nonrecord-oriented 

complex data models. The following section presents a literature overview of various data 

models. 

Hierarchical Data Model 

The hierarchical data model represents data as collections of hierarchical trees [TL82]. It 

consists of a collection of nodes which are connected with each other by Jinks. The nodes 

correspond to the record types represented by tables. The /inks between the nodes 

correspond to the relationships between these tables. A record type can be involved in 

only one relationship as a parent and only one relationship as a child. 

The hierarchical data model imposes two major restrictions on the relationship types. The 

first is that a record or node type can have at most one parent of any record or node type. 

The second is that the relationship types must be structured as a tree. To get around the 

first restriction, either a duplication of record or two relationships are needed. For the 

second restriction, problems arise if the data structure is not naturally hierarchical. 
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Network Data Model 

The network data model arose in the late 1960s. It was first proposed by CODASYL's 

Database Task Group (DBTG) [CODA71]. It consists of collections of record types 

(nodes) and one-to-one or many-to-one relationships (Jinks or sets) among the record 

types. The network model generalizes the hierarchical model in that a record type can be 

involved in more than one relationship. 

In the DBTG model, only one-to-one and many-to-one Jinks between nodes are allowed. 

The same record cannot be a member of more than one set of the same type, and recursive 

links are not allowed. 

Relational Data Model 

One of the most famous traditional data models is the relational data model first proposed 

by Codd in the early 70s [Codd70]. It had a tremendous impact on database management 

and data models for its conciseness and simplicity. The relational data model is based on a 

simple notation of relations and their representation as fables. The definition of a relation 

in relational data models is identical to its mathematical definition except that database 

relations are time-varying; that is, database relations can be inserted, deleted, and 

modified. There are several query languages for performing query operations, including 

nonprocedural languages such as the relational calculus, and procedural languages such 

as the relational algebra. 

The relational data model requires the data items to be atomic types, i.e., for data to be in 

first normal form. In a relation table, no duplicate rows are permitted, and at least one key 

must be provided to uniquely identify each tuple in the relation. Relationship types are 

represented by either key propagation from one relation to another or separate 

"relationship" tables. Joins through foreign keys must be performed to construct complex 

objects. These cause difficulties for the user to exploit the semantics of relationships and 

to query complex objects. 

Semantic Data Model 

Semantic data models [HK87] provide semantically richer data models through the 

attempt to capture semantics of objects (entities) and relationships among objects. They 

use nodes to represent entity types, which are sets of entities (objects) with the same 
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attributes, and links to represent the relationships among entity types. Entity types are 

analogous to classes and entities to instances. Attributes are analogous to instance 

variables. 

The goal of semantic data models is to model structural abstractions rather than behavioral 

abstractions using generalization, aggregation, and association relationships. Examples of 

semantic data models include the entity-relationship (ER) model [Chen76], SIM [Jaga88], 

SDM [HM81], and DAPLEX [Ship81]. 

The famous entity-relationship (ER) model was introduced by Chen [Chen76]. It provides 

a simple and natural way of modeling the real world with a set of objects called entities 

and relationships among them. An entity is a distinguishable object represented by a set of 

attributes. A relationship is an association among several entities through one-to-one, 

one-to-many or many-to-many mappings. 

The ER model generalizes traditional data models in the way that it allows the 

representation of explicit constraints and many-to-many relationships. It facilitates 

database design by allowing the specification of an enterprise schema [Chen77], which is a 

representation of the logical structure of a database, independent from its storage 

considerations. 

Extended Relational Model 

Extended relational models start from the relational models and extend them in a way to 

allow the modeling and manipulation of additional semantic relationships [BW90, RS87, 

CDGH88, DS86, MBHH]. They support higher level modeling features, such as in the 

semantic data models, and some capabilities of new scalar types, set-valued attributes and 

DML stored in the database [ZM90]. Examples of extended relational models include 

POSTGRES [RS87], EXODUS [CDGH88], PROBE [DS86], and DMC [MBHH86]. 

Object-Oriented Data Model 

The semantic data models and extended relational data models laid a firm foundation for 

the development of object-oriented data models [Bane87, MD86, LRV88]. Object- 

oriented data models incorporate the features of object-orientation into data models, 

including the notion of objects, methods, messages, classes, and inheritance. Each entity in 
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the database is an object. Objects include instance variables that describe the state of the 

object, and methods which contain operations to manipulate the object or return its state. 

Objects communicate with each other by sending messages to invoke the methods. 

All objects are instances of some class. A class defines a group of objects that have the 

same type of data members and methods. Similar classes are grouped together into 

superclasses. These represent IS-A or inheritance relationships in the sense that a 

superclass is a generalization of subclasses, and a subclass is a specialization of a 

superclass. The subclasses inherit properties from the superclass. A class may inherit from 

several superclasses, which is known as multiple inheritance [GH91]. 

Object-oriented data models provide powerful tools for coping with complex data 

structures and new data types, now supporting a number of database systems, both in 

research and in industry. 

2.3.2 Object Data Management Systems 

The development of database management systems (DBMS) is involved with the data 

models discussed in the previous section. Relational DBMSs are now well established as 

commercially available systems while ODBMS are still in their infancy [KMRC90]. 

However, database designers and developers have found the limitations and difficulties 

with conventional DBMSs. The limitations exist with the restriction on the semantics of 

data types and the normalizations [Kent79, Grah92]. Continuous research efforts have 

been devoted to address these problems, toward extending programming languages in the 

direction of databases, and toward extending database systems with enhanced semantic 

data modeling concepts [ZM90, GH91, MKK90, Hugh91]. Among these, ODBMSs are 

one of the most important technologies explored that have shown the complex data 

modeling capabilities and extensibility [MS87, Fish87, LLOW91, Deux91]. 

Khoshafian and Abnous define object-oriented databases as object-orientation + database 

capabilities [KA90]. The key concepts of object-orientation are abstract data types, 

inheritance, and object identity. The database capabilities are persistence, transaction 

support, concurrency control, recovery, querying, versioning, integrity, security, and 
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performance issues. Graham proposed a similar definition for object-oriented databases 

[Grah92]. He suggests that an object-oriented database system has all the features of 

databases, including access languages, the ability to maintain very large amounts of data, 

persistence, data and transaction integrity, concurrency, security, and recovery. It also 

supports abstraction, inheritance and object identity [Grah92]. 

Ahmed et al. presented a deep examination and comparison of the current commercial 

ODBMSs products for engineering applications. [AWSL92]. Other surveys can be found 

in the articles of Khoshafian and Abnous [KA90], Horowitz and Wan [HW91], and 

Graham [Grah91]. The following is a survey of the current ODBMS products based on 

these articles and other on-hand materials. The considered products in this research are: 

GemStone, IRIS, 02, ObjectStore, ORION/Itasca, VERSANT and Vbase/Ontos. 

GemStone 

The GemStone database system from Servio, Inc. was one of the earliest multi-user 

ODBMSs on the market [MS87, Bret89]. It provides an object-oriented database 

language called OPAL for data definition, data manipulation and general computation. 

OPAL is an extension of Smalltalk, with many database capabilities incorporated. 

GemStone supports the key object-oriented features: object identity, inheritance and 

encapsulation. Also supported are many database capabilities such as persistence, 

transactions, and ad-hoc queries [KA90]. However, GemStone does not support multiple 

inheritance nor version management [AWSL92]. Although Servio provides OPAL as the 

data manipulation language (DML), GemStone can be accessed from other languages such 

as C, C++ and Smalltalk. A Smalltalk-like user interface, called the GEMSTONE- 

Smalltalk interface (GSD, is also provided, which is easy to use for Smalltalk 

programmers. GemStone runs on most UNIX systems. It supports a multi-user, disk- 

based environment [MS87]. 

Vbase/Ontos 

Ontologic's Vbase was one of the first proper commercial ODBMS to emerge within a 

C/UNIX environment [AH87, Andr91]. VBase has its own language, called TDL (Type 

Definition Language), for definition of new types. It used COP (C Object Processor), an 

extension of C, for manipulation of database objects. VBase also provided a 
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comprehensive set of tools, called ITS (the VBase Integrated ToolSet), for debugging and 

browsing. 

Aimed at allowing the user to make the appropriate trade-off between performance, safety 

and formalism, Ontologic subsequently released a second generation product, Ontos, into 

the market [AHS91]. In Ontos, TDL was replaced by Object SQL, and COP was replaced 

by a C++ interface. The C++ interface is enhanced with additional modeling power via a 

class library [AHS91]. Ontos provides support for concurrent and nested transactions on 

persistent objects, and support for object version history. 

ObjectStore 

ObjectStore is a commercial ODBMS developed by Object Design, Inc [LLOW91, 

OS92]. It uses C++ as the front-end data definition and manipulation language and 

extends C++ in several ways that constitute a different approach to object persistence. 

Rather than maintaining a separate object space that requires explicit storage and retrieval 

operations, ObjectStore handles persistent object in a transient way using a virtual- 

memory mapping scheme to create sufficiently large spaces with fast execution. 

ObjectStore's application interface provides support for C++ and C. It supports all the 

data modeling functionalities of C++, such as multiple inheritance, composite objects, 

polymorphism, and object identity. It also provides support for inverse relationships, 

collections of objects, transaction management, indexing and clustering of objects. 

ObjectStore supports cooperative multi-user access through a flexible client/server 

software architecture, available for both standalone and network use [OS92]. ObjectStore 

runs with MOTIF and OpenLook on UNIX, and Microsoft Windows on PC platforms. It 

also provides a graphical user interface for application development. It has a browser to 

display the class definitions and the values of database objects, and a schema designer to 

create and modify a database schema [OS92]. 

VERSANT 

VERSANT is a commercial ODBMS developed by Versant Object Technology Corp. It 

provides C++, C, Smalltalk and Object SQL interfaces. VERSANT supports not only 

inheritance (multiple inheritance in C++ or C, single inheritance in Smalltalk), object 

identity and inter-object references, but also bi-directional references and collections of 
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objects. It has some limited schema evolution, such as inserting a new class, or adding and 

deleting attributes in the leaf classes [AWSL92]. 

Combined with its language interface, VERSANT provides an interactive C++ tool set, 

including VERSANT Screen and VERSANT Report. VERSANT has a fully distributed 

architecture that supports multi-client/multi-user environments and group work. It 

supports both short and long transactions, and provides versioning. Currently VERSANT 

runs on SUN 4, IBM RISC, DECStation, HP Apollo and Sequent platforms. 

ORION /Itasca 

ORION is a series of research prototype ODBMSs initiated by Microelectronics and 

Computer Technology Corporation (MCC) in 1985 [Bane87, Kim89]. It was intended to 

support object-oriented applications from the CAD/CAM, artificial intelligence (AI) and 

office information systems (OIS) domains. ORION is a Lisp-based system that ran on the 

Symbolics, which extends Common Lisp with object-oriented programming and database 

capabilities. Some advanced data modeling features of ORION are: multiple inheritance, 

composite objects, versioning and dynamic schema evolution [Bane87]. ORION also 

extends Lisp with support of database query capabilities, and transaction management. 

Itasca is a commercial version of ORION. Itasca works on most UNIX systems. It is a 

distributed ODBMS that easily interfaces to Lisp, although a C interface is also provided. 

It also provides an Open Software Foundation (OSF)/Motif compliant graphical user 

interface for database schema development and browsing [AWSL92]. 

Iris 

Iris is a research prototype of a next-generation DBMS built at Hewlett-Packard 

Laboratories [Fish87, Fish88]. The Iris object manager implements the Iris data model by 

providing support for schema definition, data manipulation, and query processing. Based 

on three constructs---objects, types, and operations---the Iris data model supports 

inheritance and generic properties, constraints, complex data, user-defined operations, 

version control, inference, and extensible data types [Fish87]. The Iris prototype is built on 

top of a conventional relational storage manager. It supports transactions with 

concurrency control, logging and recovery, archiving, indexing, and buffer management. 

Iris currently supports two interactive interfaces: OSQL, an object-oriented extension to 
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SQL, and Inspector, an extension of a Lisp structure browser. The prototype system is 

implemented in C on UNIX workstations. 

O2 

O2 was built as a prototype ODBMS at Altair, and was initially shipped into the 

commercial market by O2Technology in 1991 [LRV88, VBD89, Deux91]. The core of 

O2 is O2Engine--an object-oriented database engine with a client/server architecture. 

O2Engine stores structured and multimedia objects, and handles disk management, 

distribution, transaction management, concurrency, recovery, security and data 

administration [Deux91]. The O2Engine supports two types of interfaces: a language 

interface for C and C++, and the O2 environment. The O2 environment includes a set of 

tools: a query language called O2Query, a user interface generator called O2Look, a 

fourth-generation language (4GL) called O2C, and a graphical programming environment 

including a debugger and a database browser [Deux91]. 

2.4 Summary 

This chapter has reviewed literature that relates to the DMAS prototype development. 

The literature surveyed can be summarized with the following facts: 

1. Computerized measurement systems have been used in diverse areas to extract 

knowledge from physical world events. Display measurement and analysis systems are 

involved with measuring visual display devices and analyzing display qualities. They share 

common characteristics and functionalities with other measurement systems. 

2. Current commercial measurement systems are used primarily for obtaining and 

recording measurement data results into data files. With the measurement technology 

advances and the size of data files increases, the measurement users are facing problems of 

accessing the reliable measurement information and coping with the complexities of 

results. 
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3. Object-oriented technology is an important technology for coping with the complexities 

by using objects, classes, encapsulation and inheritance. The object-oriented software 

development cycle is an incremental and iterative process involving the classification and 

decomposition of classes and objects. 

4. Data models are fundamental to database design. The object-oriented data models 

incorporate the features of object-orientation into data models. They have shown the 

power of coping with complex data structures and new data types that are difficult to 

handle with traditional data models. 

5. Object-oriented database management systems are defined as having object-orientation 

with database management capabilities. They provide persistent object storage and 

management as well as object-oriented features for supporting new data types and 

complex data models. A number of object data management systems have been 

implemented and converted into products, both in industry and research. 

The following chapter will discuss the creation of an object data model for DMAS. The 

selection of Borland C++ as the programming environment and the ObjectStore ODBMS 

as the persistent object storage support will be discussed in Chapter 4. 
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3. Object-Oriented Data Modeling 

This chapter presents the DMAS object data model created using Booch's object-oriented 

design (OOD) approach [Booch91]. Starting from the vocabulary of the problem space, a 

"round-trip gestalt" design process was followed to decompose the DMAS objects and 

classes. The implementation of these classes and objects in a prototype system will be 

presented in Chapter 5. 

3.1 Introduction 

When we analyze systems, we create models to represent an aspect of reality and to help 

us understand that reality. As Hughes points out, "The quality of a database system is 

significantly influenced by the quality of the data model, and thus data modeling occupies 

an important position in the database life cycle....The purpose of data modeling is to 

develop a global design for the database with the ultimate objective of achieving an 

efficient implementation which satisfies the requirements" [Hugh91]. 

Database design is an incremental and iterative process, having many parallels with object- 

oriented design. Using the object-oriented design approach, users and database designers 

think about the logical objects and the relationships among them in a way that more 

closely represents the semantics of the real world. 

Booch's OOD approach was used to create the DMAS object data model and database 

design. This incremental and iterative design process makes use of classification and 
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abstraction [Booch91]. This allows the designers to decompose a large problem into a 

number of smaller ones and to construct solutions to problems. Booch's OOD approach 

was chosen also because it provides a rich notation which is easily used by both the 

designers and the end-users. This section briefly introduces the design process and 

notations used in the DMAS object modeling and design procedure. 

3.1.1 A "Round-Trip Gestalt" Design Process 

The DMAS object modeling and design uses Booch's "round-trip gestalt" design process 

which consists of the following steps [Booc91]: 

1. Identify the classes and objects at a given level of abstraction. 

2. Identify the semantics of classes and objects. 

3. Identify the relationships. 

Using relationships: association and aggregation relationships; 

Inheritance relationships: generalization/classification relationships. 

4. Implement the design as a prototype. 

During this iterative and incremental process, we decompose and refine classes and objects 

as well as the interactions among them by using the following methods: 

1. Design at given levels of abstractions. 

2. Discover new classes and objects to improve and generalize design. 

3. Make necessary changes to refine the semantics and relationships of existing classes. 

3.1.2 Design Notations 

Booch's OOD notations used in the DMAS logical modeling procedure include: 

Class diagrams: key abstractions in the system 

Object diagrams: semantics of key mechanisms of objects 
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Figure 3 illustrates the notation of class diagrams in the DMAS design. The object digrams 

are similar except that they use solid clouds for objects instead of dotted clouds. 

3.2 Understanding the Vocabulary of the Problem Space 

One of the major objectives of this research is to create a software environment with new 

and effective ways for storing, extracting, and manipulating measurement data and 

information. In order to construct a comprehensive software environment for DMAS, it is 

essential to understand the underlying principles and information structures of a display 

measurement and analysis system. The following sections briefly discuss the general 

structure of measurement systems and the DMAS requirement analysis. 

3.2.1 Measurement Systems 

Typically, a measurement system can be described as [Herc72]: 

The means of making a measurement is known as a measurement system. Quantitatively, 

@ measurement system responds to the measurand, effects a comparison with the 

reference, and provides information based on that comparison. Functionally, however, a 

measurement system is the result of interfacing three distinct operations: information 

acquisition, information processing, and information output. 

According to Sydenham, the purpose of a measurement system is to extract knowledge 

from physical world events, which is generally involved with two terms [SHH90]: 

Measurand: any measurement quantity (displacement, luminance, pressure, etc.) which 

may be measured with physical apparatus. 

Referent: the attributes of the object or event (size, distance, etc.) which is relevant to the 

measurement task. 

The three major functions of a measurement system are: 
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Information acquisition: obtain the measurement data of a physical quantity, 

Information processing: process the measurement data to analyze characteristics, and 

Information output: report the measurement information to the user. 

There are two different kinds of expertise involved in the measurement system: the human 

operator or user understands the measurement problem in terms of the information to be 

extracted; the hardware understands the instrumentation capabilities and the control of 

measurement itself. The interaction between the human user and the measurement 

hardware forms a basis for the measurement processes. 

3.2.3 Data Model Requirements 

The development of the DMAS data model starts from the requirement analysis of the 

measurement system. Based on the needs of measurement users and through several 

iterations, DMAS requirement specifications were generated at the start of data modelling 

[Farl92a, b]. To better understand the development process, the measurement and analysis 

technology is discussed first, followed by discussion of the DMAS requirement 

specification [Farl92a, b]. 

Spatial, temporal, and spectral measurements are three basic types of measurement 

extensively used in laboratory experiments [Snyd85a]. Spatial measurements are 

associated with measuring the information density of displays and their ability to resolve in 

the space domain. Temporal measurements are used for measuring the sensitivity of visual 

displays to pulses of light within some refresh time limits. Spectral measurements are 

associated with measuring the visual sensitivity in the chromatic domain in order to 

compare the emission of spectra of various display technologies to the likelihood of seeing 

the display. 

The intensity as a function of distance of a line is referred to as the Line Spread Function 

(LSF) [DS74]. LSF measurements are the most common methods to determine the 

fundamental metric of image quality, the Modulation Transfer Function (MTF) 

[Synd85b]. MTF is associated with the modulation transfer factor of all the spatial 
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frequencies. The modulation transfer factor relates the modulation output of the device to 

the modulation input of the device. 

The information density and resolution are the most important characteristics of visual 

displays [Syn85b]. The ability of the visual system to resolve depends on many attributes 

of the display, such as size, shape, contrasts, adapting luminance levels, etc. Pixel, or 

picture element, is the basic building block for displays [Tann85]; that is, it is the smallest 

resolvable element as seen by the viewer. Addressability represents the characteristics of 

the display in terms of the number of pixels the display driver produces. A display image 

may be continuous, line addressed, or pixel addressed. While the display image may be 

continuous (analog), or discrete (digital), the intensity dimension is measured in luminance 

units [Snyd85b]. The appropriate luminance units are candelas per square meter (cd /m2) 

in the SI system or foot-Lamberts (fL) in the English system. 

As mentioned in Chapter 1, to overcome the limitations of current measurement systems, 

the DMAS should be a database system providing efficient storage and retrieval. The 

DMAS data suite should contain not only the measurement data collected from physical 

instruments, but also the important measurement metadata. These metadata include the 

user who made the measurement, the target of measurement, measurement condition, 

measurement device, date and time of measurement, the project involved, and other 

pertinent information and functions of measurement and analysis . 

The structure of DMAS specification is shown in Figure 4. Measurement data are divided 

into several categories: System, User, Measurement, Viewer, Display, and Measurement 

Hardware. Each category is defined in terms of an information template. 

The system template holds information regarding the DMAS system. It should include the 

measurement type, the date/time when measurement was started, and the site of 

measurements. Many different types of measurements will be stored in DMAS. The LSF 

measurement is the type we will concentrate on, while other types will be added in the 

future. The date/time of measurement will be expressed in UNIX format, which holds the 

number of seconds since 00:00:00 GMT Jan. 1, 1970. The site is the name of the place 

where the measurements were made. 
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The LSF measurement template holds the information pertinent to the Line Spread 

Function (LSF). It contains Signal to Noise Ratio (SNR), step size, and direction of 

measurement. SNR is the ratio of peak intensity to rms noise intensity. The number of 

points is the total number of data values contained in the LSF measurement. Directions of 

measurement would be vertical or horizontal relative to the display. 

The user template contains information describing the user or operator of DMAS. It 

includes the name of the user who made the measurement, and the name of the project for 

which the measurement was made. 

Viewing conditions required for computation of the Modulation Transfer Function (MTF) 

based metrics are contained in the viewer template. These include maximum and minimum 

viewing distances, and the adaptive luminance. 

The measurement template contains information pertaining to the measurement conditions. 

The measurement conditions include control settings and descriptions, as well as the 

position on the display where the measurement was made. 

The display template holds information regarding the display device which was measured. 

Pertinent information includes the display type or technology, such as CRT, EL, Plasma, 

etc. Addressability is the number of pixels the display driver produces. It is used to 

compute the appropriate analysis metrics. The shape of the display is generally rectangular 

or circular. We will concentrate on rectangular displays. 

The measurement hardware template holds the information related to measurement 

instruments. The hardware type could be: scanning slit photometer, linear array 

photometer, 2D frame grabber photometer, 2D slow scan photometer, and scanning 

monochrometer, etc. 

Measurement data could be one-dimensional (1D) or two-dimensional (2D). They are 

contained in the measurement data template. 
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3.3 Identifying Classes and Objects 

The object-oriented design process is started by discovering the classes and objects that 

form the vocabulary of the problem domain or requirement analysis. These classes and 

objects are called key abstractions [Booc91]. Two major activities are involved: the 

discovery of the key abstractions (significant classes and objects) and the invention of the 

important mechanisms that provide the behavior required of objects. 

3.3.1 Key Abstractions 

Starting from the requirement analysis, the most general clusters of objects were identified 

and a general picture of the DMAS object model was derived, as depicted in Figure 5. 

These clusters of objects include: users, measurements, projects, sponsors, displays, 

companies, sites, times, dates, data, units, and analysis. A user creates a series of 

measurements for the project he works on. A measurement is generally involved with a 

project, which is funded by sponsors. A display device is the target to be measured, which 

is made by some manufacturer. The measurement is made at a specific site, at some time 

on some day. The measurement data can be plotted and displayed in a plot window, 

represented in various units. The data can be further analyzed to obtain various 

characteristics of displays by applying analysis functions and metrics. 

To further detail this general picture, we classify these object classes into several class 

groups, each of which represents a collection of logically related classes. As outlined in 

Figure 6, the key objects and classes are listed with the following class groups: 

1. Base Group: basic classes common to the display measurement and analysis system. 

These include the User, Project, Sponsor, Company, Site, and Date classes. 

2. Measurement Group. classes pertaining to display measurement, including the Position 

and Condition classes. Also included are classes representing specific types of 
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measurements, such as Spatial, Temporal, Spectral, and LineSpreadFunction (LSF) 

classes. 

3. Target Group: classes associated with target devices under measurement. These include 

the Technology, Addressability, and Shape classes, and specific types of target classes 

including Display, Filter, and Lamp. 

4. Graph Data Group: classes for graphical display and plotting of measurement data. 

These include the Units, Scale, DataPointArray, and PlotWindow classes. 

5. Analysis Group: classes pertaining to analysis of display quality metrics. These include 

the ModulationTransferFunction (MTF) class and the Viewer class. 

3.3.2 Important Mechanisms 

The important mechanisms for these classes and objects are identified by the operations 

needed for manipulating the objects stored in the database: 

1. Create new persistent objects in the database. 

2. Query the database using specified information. 

3. Display and view details of an object. 

4. Save and update the object information. 

5. Remove an object from the database. 
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3.4 Identifying the Semantics of Classes and Objects 

The basic activity of this step is to establish the meanings of the classes and objects 

identified from the previous step [Booc91]. This section identifies the semantics of these 

classes and objects by discovering their information contents that constitute the class 

templates. Figures 7, 8, 9, 10, 11 shows the semantics of the object classes in the base 

group, measurement group, target group, graph group, and analysis group, respectively. 

3.4.1 Semantics of the Base Group Objects 

The User class contains information pertaining to the person or operator that performs a 

measurement, including user id, address, phone number, a privilege level for access to the 

database, and a set of projects that the user works on. The user level can be Guest, 

Operator, Privileged, or System. Guest users can navigate the system and make new 

measurements without saving or viewing of the measurement data. Operator users are the 

essential users which perform measurement and analysis, and store and retrieve their own 

data. Privileged users are assigned more advantages in viewing all measurement and 

analysis objects. Only the system users can manipulate all kinds of system data. 

The Project class contains information on projects involved with a measurement, including 

project id, name, a set of sponsors which fund the project, and team members (a set of 

users who participate in the project). The Sponsor class represents an organization which 

funds a project. It has a name, an address, and the related contact information. 

The Site class is concerned with the place where a measurement is taken. It contains an 

address with a specific location (room and building, etc.). The Date class is concerned 

with the date when a measurement is started, including the information of month, day, and 

year. 
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3.4.2 Semantics of the Measurement Group Objects 

The Measurement class defines the behavior of the measurements performed on some 

target devices by some users. It includes the information about the type of measurement, 

the measurement user who takes the measurement, the project involved, the site where a 

measurement is performed, the measuring position on the target, and the measurement 

conditions. It also handles the measurement data, such as obtaining and storing data. 

Different types of measurement include spatial, temporal, and spectral measurements. The 

spatial measurement involved with the Line Spread Function (LSF) is one of the most 

important kinds of measurement we consider. The LineSpreadFunction (LSF) class 

defines this type of measurement. It handles the measurement of luminance as a function 

of the position of a line. The information contained in the LSF class includes the direction 

of measurement relative to the display, either horizontal or vertical, and the Signal-to- 

Noise Ratio (SNR), which is the ratio of peak intensity to rms noise intensity. Also 

contained is the measurement data described by a number of successive data points with a 

step size. 

The other classes pertinent to the measurement include the Position and Condition classes. 

The Position class describes the location where measurement occurs on the display device. 

It is represented by the x and y coordinates in pixels, which are the distances from the top 

and from the left of the display to the location on the display where a measurement is 

taken. The Condition class contains the control settings or other variables which may 

change when a series of measurements are performed on the same display target. 

3.4.3 Semantics of the Target Group Objects 

The 7arget class contains the basic information of targets under measurement, such as the 

model name, manufacturer, and type of devices. The display, lamp, and filter are three 

types of target devices that are used most often. 

The Display class is associated with the kind of visual image devices we consider. It is 

described by the display technology, addressability, and shape. The Technology class 
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defines the type or technology of display, which is color or monochrome. The color 

displays include CRT, EL, Plasma and LCD displays. The Addressability class defines the 

number of pixels the display driver produces. It is represented by two values, the number 

of horizontal pixels and the number of vertical pixels. Depending on the continuity in the 

horizontal and vertical dimensions, the addressability can be divided into three types: 

pixel-addressed, line-addressed, or vector-addressed. A pixel-addressed display consists of 

a rectangle grid of pixels or picture elements. A line-addressed display, or raster display, is 

continuous in one dimension and pixel addressed in another. A vector-addressed display is 

continuous in both dimensions. The Shape class describes the shape of the display viewing 

area, which can be rectangular or circular. 

3.4.4 Semantics of the Graph Data Group Objects 

The Units class represents the dimensional units of the physical quantities measured. It is 

defined in the SI (metric) system, or the English system. There are three representation 

formats: Scientific, Engineering, and Fixed. The default dimensional labels we consider are 

millimeters (mm) for the length or distance, and candelas per square meter (cd/m) for the 

luminance. Other dimensional labels will also be available, such as nm, um, m, km for 

length units in Metric system, and inch, feet, yard, mile for length units in the English 

system. 

The Scale class defines the appropriate scale ranges for a data value, which can be (0, 2), 

(0, 5), (0, 10), (-2, 2), (-5, 5), or (-10, 10). It also calculates the scale factor and power of 

10 value by the mantissa and exponent values of the data. The purpose is to map original 

data into scaled data to be plotted by the formula: Scaled Data = Scale Factor * Original 

Data. 

The DataPointArray class defines a measurement data array which stores a number of 

double data points (x, y). It also defines two dimensional units for the x and y values of the 

data array, and finds the maximum x and y values to be formatted into appropriate x and y 

scales. The measurement data contained in the DataPointArray will be plotted as a data 

curve in a graphical plot window. 
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The PlotWindow class handles the plotting of measurement data held in a data point array. 

It contains an X and Y axis, and a data curve. An axis displays an axis title with the 

dimensional unit of data and a line appropriately labeled with the scale of data. The data 

curve plots data dots in scalable ranges. The PlotWindow is designed to be resizable and 

redrawable. 

3.4.5 Semantics of the Analysis Group Objects 

The analysis group contains the object classes related to display analysis. The current 

analysis we focus on is involved with the Modulation Transfer Function (MTF) 

[Synd85b]. 

The MIF class contains the viewer parameters and transfer metrics for deriving 

characteristics of display devices based on the LSF measurement. The Viewer class 

contains the information of the viewer, such as viewing condition and adaptive luminance. 

Also included is the function of threshold contrast as a function of spatial frequency, 

which is termed the Contrast Threshold Function (CTF). The CY7F class defines the 

Contrast Threshold Function (CTF) to account for differences in viewing conditions, 

gamma of the display target, and noise content of the display [Snyd85b]. As the analysis 

classes are associated with the further processing of display characteristics, they are not 

expanded in detail in the current version, but will be included in later versions. 
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Base Group Objects 

User: the person or operator that performs the measurement or analysis 

ID: user's unique id 

Name: user's name 

Address: the address of the user 

Phone: the phone of the user 
Level: guest, operator, privilege or system 
WorksOn: the projects the user works on 

Project: the project that a user works on for doing a measurement 
ID: project's unique id 
Name: name of the project 
Sponsors: sponsors that fund the project 
Team members: the users that participate in the project 

Sponsor: the organization that sponsors a project 
Name: sponsor's name 
Address: the sponsor address 
Contact: the contact person, including name and phone number 

Site: the place where a measurement or analysis is done 
Name: the name of the site 

Location: the specific location, such as building, room number, etc. 

Address: the address information of the site 

Date: the date when a measurement is started 

Month: the month of a date 

Day: the day of a date 
Year: the year of a date 

Figure 7. Semantics of Base Group Objects 
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Measurement Group Objects 

Position: the location on the target device where a measurement 1s made 

X: the distance from the top of target to the current location 
Y: the distance from the left of target to the current location 

Condition: the control settings when performing a series of measurement on the same target 

Dark room, bright room, etc. 

Measurement: the basic measurement components 
Type: the type of measurement 

Temporal: the kind of measurement limited with time 

Spatial: the kind of measurement concerned with position in the space 
Spectral: the kind of measurement concerned with spectrum (color) 

User: the user doing the measurement 

Project: the project involved with the measurement 
Site: the place where the measurement is performed 
Date: the date when the measurement is started 
Position: the position of the measurement on the target 
Data: the measurement data collected 

LineSpreadFunction (LSF): the most common spatial measurement which measures the 
intensity or luminance of a line as a function of position 

Signal-to-Noise Ratio(SNR): the ratio of peak intensity to rms noise intensity 
Number of data points: the number of points contained in a measurement 
Step size: the distance between successive points of measurement 
Direction: the direction of the measurements relative to the target 

horizontal: represented by 0 

vertical: represented by 1 

Figure 8. Semantics of Measurement Group Objects 
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Target Group Objects 

Target: the target device under measurement 
Type: display, jitter, and lamp 

Manufacturer: the corporation who produces the target device 

Model: model name of the target device 

Display: the visual image device to be measured 
Technology: the technology or type of display 
Addressability: the number of pixels addressed on a display 
Shape: the shape of a display 

Technology: the technology or type of display device 
Color: the type of display with multiple colors, such as CRT, EL, Plasma, LCD, etc. 

Monochrome: the type of display with mono color 

Addressability: the number of pixels addressed 
Number of horizontal pixels 
Number of vertical pixels 

Type: the types of addressability 
Pixel-addressed: the display with a rectangular grid of pixels 

Line-addressed: continuous in one dimension and discrete in the other 

Vector-addressed: continuous in both dimensions 

Shape: the shape of viewing area 
Rectangle: rectangular shape 

Width: the width of the rectangle 

Height: the height of the rectangle 
Circle: circular shape 

Radius: the radius of the circle 

Figure 9. Semantics of Target Group Objects 
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Graph Data Group Objects 

Units: the dimensional units for measuring physical quantities 
System: the system of measurements in which the unit is be represented 

English: the English measurement system 

SI (Metric): the metric measurement system 

Representation: 

Scientific: representation in form of +/- d.dddddd10*+/-dddd 
Engineering: representation in form of +/-??d.ddddd10*+/-### (?? indicates the 

digits may or may not be present; ### will be always a multiple of three) 
Fixed: representation in fixed digits 

Label Vector: the unit label vector with a list of dimensional label names and values 

Scale: the scale of data values for graphing 
Range: the range of the value mapped in, 1.e. (0,2), (0,5), (0,10), (-2,2), (-5,5), (-10,10) 

Power: the power of 10 value to be represented by the axis 
ScaleFactor: the scale factor of data: Scaled data=ScaleFactor*Original Data 

Value: the data value to be scaled 

DataPointArray: the data array which holds the measurement data points 
NumberPoints: total number of data points held in the array 
DataPoints: the data points with double values (X, Y) 

XUnit, YUnit: units of the x and y values. 
XScale, YScale: scales of the x and y values. 

XMin, XMax: the maximum and minimum x values 

YMin, YMax: the maximum and minimum y values 

Plot Window: the plot window which plots the measurement data curve and axes 
XAxis: the X axis defined with a title representing the unit and a list of scaled labels 
YAxis: the Y axis defined with a title representing the unit and a list of scaled labels 
DataCurve: the curve of plot data 

Figure 10. Semantics of GraphData Group Objects 
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Analysis Group Objects 

Viewer: the viewer parameters that are required for metrics of the analysis 
Viewing distance 

Adaptive luminance 
Contrast Threshold Function (CTF): threshold contrast as a function of spatial frequency 

Modulation: an indication of the sensitivity of the observer to that spatial frequency, which is 

defined as: 
Modulation = (Lmax - Lmin) / (bmax + Lmin) 

in which 

Lmax = luminance of the lighter grating half cycle, and 

Lmin = luminance of the darker grating half cycle. 

ModulationTransferFunction (MTF): determined from the Fourier transform of a line spread 
function. The values of the MTF could be used in subsequent analysis. 

Figure 11. Semantics of Analysis Group Objects 
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3.5 Identifying the Relationships Among Classes and Objects 

In the earlier stages of our design, we created key abstractions based on the general 

clusters of objects and classifications. We further identified the semantics of these key 

abstractions. Our next design step was involved with the important design activities of 

identifying the relationships among these object classes. It is important in the sense that it 

helps with establishing interactions and refining representations of the data model. By 

analyzing the using and inheritance relationships among these object classes, we also 

invented new classes and objects to improve our previous design. The DMAS data model 

was thus improved in this iterative procedure. One can see this process reflected in the 

evolution evidenced in going from Figure 12a to Figure 12b. The final representation of 

relationships among the classes and objects in different groups are depicted by the class 

diagrams as shown in Figures 12b, 13, and 14. 

3.5.1 Relationships among the Base Group Objects 

From our previous design, several relationships among base object classes could be 

derived easily, as shown in Figure 12a. These relationships include: a sponsor funds a 

project; a user, a sponsor, and a manufacturer may have name, phone, and address; and a 

site is an address with specific location information. 

The User, Sponsor, and Manufacturer objects could be further decomposed into smaller 

intermediate objects, such as PersonName, Phone, and Address. These intemediate objects 

could be represented easily and used directly by composite objects. 

We further found that all users, sponsors, and manufacturers had several common 

properties, that is, they are all associated with a name, an address, facsimile and phone 

numbers. These common properties can be encapsulated in a Person object, which was 

used as the base for various people. Since users are the kind of persons performing the 

measurement for a project, a User object inherits from a Person object, associated with 

the Project object. Sponsors and manufacturers are different kinds of companies or 
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organizations, with a person as their contact. Hence, a Company class was created as the 

base class for the Sponsor and Manufacturer classes. A Company object contains a person 

object, which means that it uses a Person object as its contact. 

After several iterations of generating a base data model, we derived a better design of base 

object classes, as illustrated in Figure 12b and discussed below: 

The key object classes in the base group include User, Project, Sponsor, Site, and Date. 

These classes can be further decomposed into some intermediate objects, such as Person, 

PersonName, Phone, Company, Address, etc. 

The Person class serves as the base class for various persons. It handles the information of 

the person's name, home and work addresses, and home and work phone numbers. Person 

objects are composed of the PersonName, Address, and Phone objects. The PersonName 

class defines the name of a person, including the last name, first name, and middle name. 

The Address class defines a mailing address, including street, city, state and zip codes. The 

Phone class handles telephone numbers. 

The User class is a subclass of the Person class. It handles the specific measurement user 

information, such as the user id and the projects that the user works on. The Site class is a 

subclass of the Address class. It contains the detailed location of measurements, such as 

rooms and buildings. 

The Company class is a base class for various organizations or corporations. It defines an 

organization's name, address, and contact information. The Sponsor and Manufacturer 

classes are subclasses of the Company class. The Sponsor class defines an organization 

that funds projects. The Manufacturer class defines a corporation that manufactures and 

produces devices. 
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3.5.2 Relationships among the Measurement Group Objects 

The relationships of measurement group objects were derived using the same iterative and 

incremental precedure as the base group. The following discusses the relationships and 

class diagram we created for the measurement group, as illustrated in Figure 13. 

The Measurement class is the base class for various kinds of measurements. It aggregates 

the objects defined in the base group, such as User, Project, Site, Date, and the other 

objects which are pertinent to measurement, such as Position and Condition objects. 

The Spatial, Temporal, and Spectral classes are subclasses of the Measurement class. The 

Spatial class defines the kind of measurements concerned with positions in space. The 

Temporal class defines the kind of measurements as functions of time. The Spectral class 

defines the kind of measurements concerned with color. 

The LineSpeadFunction (LSF) class is a subclass of the Spatial class. It aggregates and 

uses the objects of the Direction class and SignalToNoiseRatio (SNR) class. The Direction 

class defines the direction of measurement relative to the display devices. The 

SignalToNoiseRatio (SNR) class defines the ratio of peak intensity to rms noise intensity. 

The other class used by the LSF class is the DataPointArray class, which defines the data 

collected by the LSF measurement. The DataPointArray class will be further described in 

the graph group. 

3.5.3 Relationships among the Target Group Objects 

The Target class is the base class for various kinds of target devices to be measured. It is 

inherited by the Display, Filter, and Lamp classes. We are most concerned with the 

display targets. A Display object is composed of objects of the DisplayTechnology, 

Addressability, and Shape classes. 

The Color and Monochrome classes are subclasses of the DisplayTechnology class. The 

CRT, El, Plasma, and LCD classes are subclasses of the Co/or class, defining different 

types of color display technologies. The PixelAddress, LineAddress, and VectorAddress 
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classes are subclasses of the Addressability class, defining different types of display 

addressabilities based on the continuity in the horizontal and vertical dimensions. 

3.5.4 Relationships among the Graph Group Objects 

The relationships among graph data objects are shown in Figure 14 and discussed as 

follows: 

The Units class is the base class for all dimensional units. Subclasses of the Units class 

include the Temperature, Length, Area, Volume, Luminance, Color, Radiance, and Angle 

classes. These classes inherit from the Units class and define their own types of 

dimensional unit labels for different physical quantities. The Scale class receives a data 

value and calculates it into the appropriate scale range and scale factor for graphing. 

The DataPointArray class uses the Units and Scale classes to obtain its two dimensional 

units and data scales for the x and y values. It uses the DataPoint class to represent its 

double data points (X, Y). A DataPointArray object is plotted by the PlotWindow object. 

The PlotWindow class is a subclass of a Window class. It is composed of X and Y Axes 

and DataCurve objects. 

3.6 Summary 

This chapter discusses the object data model created for DMAS. Booch's OOD approach 

was used for decomposing objects and classes by classifications and abstractions. In 

summary the creation of the DMAS object model involved: 

1. the analysis of requirements and specification of the DMAS problem space, 

1. the identification of the general clusters of objects and classifications of classes, 

2. the establishment of the semantics of these classes and objects, and 

3. the creation of relationships among these objects and classes. 
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The next chapter discusses the system design methodologies for the DMAS. The 

implementation of the proposed object data model in a prototype system is presented in 

Chapter 5. 
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4. Methodology 

The previous chapter gives a model of display measurement and analysis, identifying the 

essential classes, objects, and the logical relationships among them. This chapter discusses 

the system design methodologies of the DMAS prototype system. It first introduces our 

system design decisions about the system environment. It then discusses Borland C++ and 

the applications framework as the DMAS programming environment and the ObjectStore 

ODBMS as the persistent object storage and management environment. 

4.1 Introduction 

In our iterative and incremental design process, we refine the object model of DMAS by 

inventing new abstractions and mechanisms to achieve an efficient implementation. The 

implementation of these objects and classes in the object model leads to the final design 

and implementation of a DMAS prototype system. 

As described by Hughes, "by implementation we mean the transformation of our data 

model and application software design into a fully functioning database system which 

operates on a particular machine, usually under control of a database management system" 

[Hugh91]. To successfully implement the prototype DMAS database system, a suitable 

language environment and database management environment was required. The object- 

oriented methodology was chosen because this new technology can provide a 

comprehensive and extensible development platform that satisfies the objectives of 

DMAS. An object data management system was used because it provides persistent object 
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storage and support of complex data types and structures. This chapter will describe the 

system and programming environment of DMAS. 

The availability of IBM PCs supported the choice of an Intel 486 microprocessor as the 

hardware base for DMAS. Speed and support for color graphics were also considerations. 

Microsoft Windows was chosen as the development platform. Its selection was based on 

its support for a graphical user interface, its multitasking capabilities, and its memory 

management. The current DMAS prototype was programmed and tested on a Gateway 

486 PC, running MS Windows 3.1. 

The DMAS prototype system uses the Borland C++ programming language and the 

ObjectStore ODBMS as its operational environment. The following is an overview of this 

programming and database management environment. 

4.2 Borland C++ and Applications Framework 

An application framework is defined by Apple as "a extended collection of classes that 

cooperate to support a complete application architecture or application model, providing 

more complete application development support than a set of class libraries" [Vald92]. 

Borland C++ with applications framework provides a comprehensive set of classes that 

streamlines the development of Microsoft Windows programs using C++, called the 

Object Windows Library (OWL) [OWL91]. 

The ObjectWindows Library consists of a hierarchy of classes that encapsulates common 

behaviors for Windows applications. As depicted in Figure 15, this class hierarchy can be 

used, modified, or added to, using inheritance; thus Windows development is much easier 

when using the Object Windows application framework. 

The ObjectWindows Library provides three object classifications. Each object 

classification is derived from the Object base class defined in the container class library. 

These object classifications are: 
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1. Module and application objects: 

Module and application objects are derived from the 7Module class and composed of the 

TApplication subclass which provides the behavior required of all ObjectWindows 

applications. 

2. Interface objects: 

Interface objects are derived from the 7WindowsObject base class and composed of the 

Windows interface elements: windows, dialog boxes, and controls. 

3. Scroller objects: 

Scroller objects are instances of the 7Scroller class, which provides automatic scrolling of 

a window's display, usually in conjunction with the window scroll bar. 

4.2.1 Module and Application Objects 

The 7Module class defines behavior shared by both library and application modules. It 

supports window memory management and error processing. 

Derived from 7Module, the TApplication class provides behavior required of all 

ObjectWindows applications. It handles the initialization of the main window object, 

processing the Windows messages, and closing of the application. Each ObjectWindows 

application has a class derived from the TApplication class. 

4,2.2 Interface Objects 

The elements of a Windows user interface include windows, dialog boxes, and controls. 

These are called interface objects. The 7WindowsObject serves as the base class for all 

Windows interface objects. It provides member functions for creating, initializing, 

managing, and destroying its associated interface element. 

Each interface object has a visual interface element, thus maintaining the dual 

object/Windows element structure. The interface elements are related through parent-child 
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links. The child window object is an interface element that is managed by another interface 

element (not necessarily the class inheritance relationship). It is displayed only when its 

parent window is displayed, and is closed when the parent window is closed; similarly, it is 

moved along with any move of the parent window. The interface objects interact with the 

application using a two-way communications channel. In one direction, the application 

controls the user interface by calling Windows functions. In the other direction, Windows 

sends messages back to the application in response to events caused by the user's direct 

manipulation. 

Three main types of interface objects are windows objects, dialog objects, and control 

objects. Each of these interface objects is discussed below. 

Window Objects 

Window objects represent windows and the associated visual elements within the 

windowing environment. 7Window is a base class common to main, pop-up, and child 

windows. It defines the behavior for opening, closing, painting, and scrolling windows, 

and processing command messages. 

The TEditWindow and TFileWindow classes are descendants of 7Window specializing in 

text editing. Derived from 7Window, TEditWindow defines the behavior that allows text 

editing in a window. Derived from 7EditWindow, TFileWindow defines the behavior that 

allows text editing in a window, but can also perform file I/O. 

Dialog Objects 

Dialog objects are associated with resource definitions. Their creation attributes must be 

specified in a Windows resource file to define the appearance and placement of the dialog 

element and its controls. 

TDialog serves as the base class for managing dialog boxes. It takes a resource definition 

to construct the dialog box and its controls. It also provides member functions to handle 

communication between a dialog and its controls. 

TDialog has three derived classes: 7FileDialog, TInputDialog, and TSearchDialog. The 

TFileDialog class defines a dialog that allows the user to choose a file for opening or 
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saving. The 77nputDialog class defines a dialog for user input of a single text item. The 

TSearchDialog class defines a dialog for retrieving search/replace text and related options. 

Control Objects 

Existing within dialogs and windows, control objects allow users to enter data and select 

options. TControl is an abstract base class for all control objects. It defines member 

functions that create controls and process messages. 

Derived classes from 7Control include 7Button, TCheckBox, TRadioButton, TListBox, 

TComboBox, TGroupBox, TStatic, TEdit, and TScrollBar. TButton defines a push button, 

with associated text. TCheckBox defines a box that can be checked or unchecked, with 

associated text. [RadioButton defines a button that can be selected or unselected in a 

mutually exclusive group. 7ListBox defines a scrollable list of items in which one or more 

items may be chosen. 7ComboBox defines a combination of a list box and edit control. 

TGroupBox defines a static rectangle with text in the upper left corner used to group other 

controls. 7Edit defines a field for the user to input text. 7Szatic defines a text field that 

cannot be modified by the user. 7ScrollBar defines the behavior of a standalone scroll bar 

control. 

MDI objects 

MDI objects implement an interface standard for handling multiple windows within the 

framework of a single window, called the Multiple Document Interface (MDI). The MDI 

main window is called the MDI frame window. Within its client area, the frame window 

owns a MDI client window, which provides management of the dynamically-created MDI 

child windows. 7MD/Frame and TMD/Client classes define the MDI frame and client 

windows respectively, derived from the 7Window class. 

4.2.3 Scroller Objects 

The 7Scroller class provides automatic scrolling of the text and graphics put into the 

windows, usually in conjunction with the window scroll bar. It also handles the scrolling of 

a window's display in response to a mouse drag from within the window to without. 
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4.3 ObjectStore Object Data Management System 

In Chapter 2, we reviewed several ODBMS products. ObjectStore, developed by Object 

Design Incorporated, was chosen as the object-oriented DBMS support for the DMAS 

prototype system. The main reason was that it provides a large persistent object store and 

management for complex data types such as composite objects and graphic objects. The 

other important reasons include its full object modeling capabilities, ability to reuse code, 

support of the MS Windows GUI environment, and good performance. 

ObjectStore is a high performance ODBMS for storing complex data structures and non- 

record oriented information. ObjectStore features distribution and transaction management 

for concurrent access to objects among members of a work group. It offers state-of-art 

database functions such as data integrity, version control, query processing, and a 

complete multi-client/multi-server architecture. It also supports the full object model -- 

objects, operations on objects, composite objects, multiple inheritance and encapsulation. 

ObjectStore for Windows runs standalone or on a local area network (LAN) using either 

Windows-based or UNIX-based servers. 

ObjectStore has three principal components: the ObjectStore DBMS Runtime, the 

ObjectStore Application Interface and the ObjectStore C++ development tools. The 

ObjectStore Runtime provides complete distributed DBMS services. The Application 

Interface provides access from the user program to the runtime system using a choice of a 

C library interface or a C++ library interface. The ObjectStore C++ development tools 

provide C++ development utilities to support the applications development cycle. 

4.3.1 Runtime Environment 

The ObjectStore Runtime provides complete distributed DBMS services. The flexible 

client/server architecture allows one server to support many clients, and each client to 

access multiple databases on many servers. The ObjectStore servers manage physical data 

on disk and arbitrate among client processes making requests for the data. Servers provide 
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global deadlock detection and maintain page lock tables. Transactions are committed to 

servers using a two-phase commit mechanism. The clients provide the interface to the user 

applications and manages the conceptual view of data dealing with objects, attributes and 

relationships among objects. ObjectStore is available for both a standalone and a 

networked environment. Its distributed architecture supports all NetBIOS based PC 

networks and PC-NFS for interpretability among PC and UNIX-based systems. 

4.3.2 Application Interface 

Access to ObjectStore is provided through a library based application interface compatible 

with C and C++ compilers and programming environments, such as Borland C++ with 

applications framework. The application interface provides high-level functions for coding 

applications in a unified object-oriented database programming environment. These 

functions include relationship management, iteration, version management, transaction 

management, collection management, index management, storage management, clustering, 

and associative queries. Table 2 summarizes the fundamental functions provided in 

ObjectStore. 

4.3.3 Database Development Tools 

ObjectStore offer Windows application tools to shorten the development time. These tools 

include: the Schema Designer and the Browser. The Schema Designer is an interactive 

schema design tool for graphically developing, viewing, and evolving large class lattices. 

The Browser is a graphical tool for inspecting the contents of an ObjectStore database. 
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Table 2. ObjectStore Classes and Functions (Adapted from [OS92]) 

  

  

  

  

  

  

  

  

  

    

Functions Classes / Macros Operations Meaning 
Database database create, destroy, open, Define a database in which 

Manipulation close, is_open, lookup a persistent object is stored 

Persistent New N/A new, delete Create persistent objects 
and Delete and delete persistent objects 

in the persistent memory 

Database Entry database_root database: create_root, Provide an entry point into 
Points database: :find_root, persistent memory that 

set_value, get_value, allows the look up of a 

get_name. persistent object by a 

persistent name 

Clustering segment database: :create_segment, | Allow the clustering of 

segment: :of related objects to increase 

the locality of reference 

Transactions transaction, begin, commit, abort, Define a portion of the 

OS_BEGIN_TXN { } | update, get_parent program execution that is 

OS_END_TXN macro treated as an automatic 

concurrency unit 

Collections os_collection, os_set, create, insert, remove, Group objects together. . 
os_list, os_bag contain, cardinality, Collections can be sets, 

ick,only, empty bags, or lists. 

Iterator os_cursor first, more, next, safe Iterate over a collection by 

processing its elements one 

at a time 

Query Processing | os_collection query, query_pick, exists, | Query over collections 
os_coll_ query has_index, drop_index return a collection of 
os_bound_query elements that satisfy a 

specified condition 

Relationships and | os_relationship 1 1 os_rel_1_1 body Relationship macros allow 
Data Integrity os_relationship 1_m os_rel_1_m_body the modeling of binary 

os_relationship m_l os_rel_m_1_body relationships that maintain 
os_ relationship m_m os_rel_m_m_body the referential integrity of       their inverse data members. 
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5. System Design and Implementation 

The DMAS database management subsystem is the kernel part of the DMAS prototype 

system. It provides efficient storage, retrieval and management of persistent objects using 

the ObjectStore ODBMS. Development of the DMAS database management subsystem 

involved the development of an object schema and an object database management 

interface. Persistent objects stored in the database are defined by the object schema, in the 

form of instances along with their variables. They are retrieved and managed by the object 

database management interface using the object manipulation functions provided by 

ObjectStore. A graphical user interface is provided for the object management interface to 

create, retrieve, view, and manipulate database objects using windows, dialog boxes, and 

control interface objects in ObjectWindows library. 

This chapter first discusses the DMAS system architecture and general design decisions. It 

then discusses the development of the object database subsystem, including the object 

schema layer and the object management interface layer. 

5.1 System Architecture 

Figure 16 shows the DMAS system architecture. It consists of three layers: the hardware 

and data storage layer, the application layer, and the external interface layer. In the internal 

layer, the ObjectStore ODBMS provides persistent object storage and management 

support to the DMAS prototype system. The external interface layer is a graphical user 

interface, provided with menus, windows, dialog boxes, and other graphically represented 
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controls. The application layer contains the essential components of DMAS. These 

components (or subsystems) are: 

Data Collection 

This part collects dynamic data generated by the measurement hardware, and controls the 

measurement process. The collected data are stored in the database or text files used for 

further processing. 

Database Management 

Persistent objects regarding display measurement and analysis are stored in the DMAS 

database. The database management subsystem uses the ObjectStore ODBMS as the 

persistent object storage support. It manages the retrieval, access and manipulation of the 

DMAS database objects. Also helping the management of persistent objects for the data 

collection and data analysis subsystems, the database management subsystem is the kernel 

of DMAS. 

Data Analysis 

This part analyzes the characteristic qualities of display devices by processing the 

measurement data and calculating related metrics. It can analyze the data obtained from 

direct measurement or retrieved from the object database. 

The internal layer, the ObjectStore ODBMS, has been discussed in the previous chapter. 

Focused on features of object-oriented database management, this chapter discusses the 

DMAS object database management subsystem accessed from a graphical user interface. 
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5.2 General Design Issues 

The general system design of the DMAS object database management subsystem has the 

following features: 

1. It separates the user interface code from the database code. The user interface classes 

inherit and use the ObjectWindows library classes. The object database subsystem 

implements the object data model proposed in Chapter 3 using the ObjectStore C++ 

library. The user interface objects communicate with the database objects though 

messages -- the user interface layer sends messages to invoke functions for retrieving and 

manipulating database objects. 

2. It consists of graphical user interface objects, and provides management and 

manipulation of the database objects. It is divided into two layers: the object schema layer 

and the object management interface layer. The object schema layer contains the 

underlying class definitions for database objects. It defines the structures and operations 

for database objects. The object management interface layer is a higher layer above the 

object schema. The interface layer consists of the graphical user interface objects such as 

windows, menus, dialogs, and controls. The construction of object management involves 

the construction and control of the DMAS application flow. The object database 

management interface is implemented using the object manipulation mechanisms provided 

by ObjectStore. 

3. It encapsulates data structures and operations in classes, making use of base classes to 

support class inheritance and information hiding. The encapsulation and information hiding 

allows the use of functions defined in other classes without knowing their implementation 

details. Inheritance also allows the semantic enrichment of objects without rewriting code. 

4. Using composite objects facilitates decomposing complex objects into smaller 

component objects. Each smaller object implements one major simple and cohesive 

behavior. This increases the modularity and reusability of the system. 
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5.3 Object Schema 

The DMAS object schema contains the conceptual schema or class definition for various 

DMAS objects. It provides the object repository for various display measurement and 

analysis objects. The object schema implements the DMAS object data model in Borland 

C+, using the ObjectStore C++ class library. 

The DMAS object schema has the following characteristics: 

1. A set of class definitions implementing the fundamental DMAS data model. 

2. Each class defines an entity of the DMAS data model. 

3. Each class may contain attributes and member functions. 

4. Database objects are instances of classes identified by their variables (i.e., the object 

identity). 

5. Relationships are represented by properties rather than separate relationships. 

6. Inverse relationships are defined using the relationship macros in ObjectStore to 

maintain the update integrity. 

7. The classes are designed in an open architecture which is subject to change and to 

adding more features. 

The following sections discuss the object schema class hierarchy, the important object 

classes, and the schema generation procedure. 
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5.3.1 Class Hierarchy 

An important consideration in object-oriented database schema design is the class 

hierarchy, in which subclasses inherit from their parent classes. In our previous discussion 

about the DMAS object data modeling, we identified the object classifications and the 

objects and classes within these classifications. With the further refining of these objects 

and classes using inheritance and the aggregation relationship, we can eliminate multiple 

occurrences of the same attributes and enhance their semantic content. We have 

implemented the object data model into a class hierarchy as illustrated in Figure 17. 

5.3.2 Important Object Classes 

The important classes implemented in the object schema include the DataObject, Person, 

User, Company, Sponsor, Project, Site, TScale, TUnits, DataPointArray, GammaData, 

Measurement, and TLsf classes. The following is a description of these classes. 

DataObject Class 

An object class called DataObject is created as the abstract base class for all database 

objects. An abstract class is a class that serves as a base class to abstract common features 

of several derived classes, but will have no instances [Ege 92]. The derived classes need to 

declare their own appropriate member functions. 

The DataObject class serves as a semantic placeholder to group common operations of 

database objects. It provides the following member functions to form a consistent interface 

for manipulating database objects: 

DataObject(): Constructor, creates a database object; 

~DataObject(): Destructor, deletes the database object; 

isA(): pure virtual function, returns the class or type ID for an object; 

nameOf(): pure virtual function, returns a string to hold the name of object type; 

isEqual(): pure virtual function, compares the information content of an object 

with another object; 

getCopy(): pure virtual function, returns a duplicate copy of an object; 
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getNewld(): pure virtual function, creates a new id for an object depending upon 

the type of the object; and 

getlIdEntry(): protected member function, returns the type of object Ids. 

Person Class 

The Person class is a subclass of the abstract class DataObject. It defines a general 

purpose person with name, address and phone numbers. It consists of six private member 

fields or attributes: 

name. a string to hold the person name 

address: an Address object to hold the street, city, state and zip code 

hPhone: a Phone object to hold the home phone number 

wPhone: a Phone object to hold the work phone number 

fax: a Phone object to hold the facsimile number 

The Person class provides two constructors and a destructor to initialize and delete a 

Person object. It also provides a set of public member functions, including get and set to 

retrieve and update these fields. The pure virtual member functions of the parent class 

DataObject, such as isA(), nameOf(), and getCopy(), are redefined in the Person class. 

User Class 

User class is a subclass of Person. All properties from the Person class are inherited. The 

User class defines the behavior of a measurement user by adding the following member 

fields and functions: 

level: the level of user which can be guest, operator, privilege and system 

password: a string that holds the password provided to the user to verify access 

worksOn: an os_list object which contains a list of projects the user works on 

addProject(): add a Project object into the list of projects the user works on 

removeProject(): remove a Project object from the list of projects worked on 

verifyPassword(): verify an input string as the password of the user 

Company Class 

The Company class defines the behavior of an organization or corporation that provides 

services or products. A company profile generally consists of a name, an address, 
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telephone and facsimile numbers, and a contact person. The description of the member 

fields of Company ts as below: 

name: a string that holds the company's name 

address: an Address object that holds the company's mailing address 

Phone: a Phone object that hold the telephone number of the company 

fax: a Phone object that hold the facsimile number of the company 

contact: a Person object that holds the contact person's name 

Sponsor Class 
Sponsor defines an organization that funds a measurement project. It is a subclass of the 

Company class. It inherits all the behaviors of a Company object while redefining some of 

the member functions, such as isA(), nameOfQ), getCopy(), etc. It is used by Project to 

implement a list of project sponsors. 

Project Class 
Project is another subclass of DataObject. It defines a measurement project funded by 

several organizations or sponsors. It redefines the pure virtual functions inherited from 

DataObject class. It also defines the following member fields and functions: 

name: a string to hold the name of project 

projectSponsor. an os_list object which represents a list of sponsors 

teamMembers: an os_list object which represents a list of team members or users 

addSponsor(): add a Sponsor object into the project sponsor list 

removeSponsor(). remove a Sponsor object from the project sponsor list 

addMember(): add a User object into the team member list 

removeMember(): remove a User object from the team member list 

Site Class 

The Site class defines the place where a measurement is performed. It is a subclass of the 

Address class. Besides the properties inherited from the Address class, it also defines 

detailed location information. The member fields it contains include: 

room: a string that holds the number of the room 

building: a string that holds the name of the building 
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TUnits Class 

The class TUnits serves as the base class for all dimensional units, such as length, area, 

luminance, and time. 7Units supports two systems of units, ENGLISH and METRIC. A 

TLabelVector object is used to store the dimensional label strings and the scale factors. 

Each derived class defines its own dimensional labels and values. The member fields of 

TUnits include the following: 

Name: a string that holds the name assigned to the unit 

MetricLabelVector: pointer to the TLabelVector object that holds an array of scale 

factors and labels for the metric system units. 

EnglishLabelVector: pointer to the 7LabelVector object that holds an array of 

scale factors and labels for the English system units. 

UnitsSystem: the current system of units 

DefaultScaleElement: the position of default element in the Label Vector 

TScale Class 

The 7Scale class handles the mapping of data values into a closest scale range of (0, 2), 

(0, 5), (0, 10), (-2, 2), (-5, 5), or (-10, 10). The multiplier and power are calculated so that 

the axis of plotting can be labeled with the appropriate power of 10 value. The scale factor 

is found so that the scaled data can be plotted in the plot window using the following 

equation: 

Scaled Data = ScaleFactor * Original Data. 

The member fields that 7Scale provides are: 

Power: an integer to hold the power of 10 value 

Multiplier: an integer to hold the multiplier for the power of 10 value 

Range: a TRange structure to hold the scale range with a start and an end value 

ScaleFactor: a double value within 0 and 1 to be multiplied by the axis length to 

give the values in axis relative distance 

Value: a double data value for scaling 

Exponent: a double exponent value when converting the data value into a mantissa 

representation 

TScale also provides a constructor that accepts a data value as the parameter to create a 

scale for that value, and a destructor that deletes the 7Scale object. The other member 
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functions it provides are public functions for obtaining and updating the above member 

fields, such as to get and set the scale range and scale range index, etc. 

DataPoint Class 

The DataPoint class defines a data point with X and Y double data values. It inherits from 

the Object base class and redefines the virtual functions of the Object class. Instances of 

DataPoint are stored in a DataPointArray object to be plotted in a data curve. 

DataPointArray class 

DataPointArray is the base class for defining a data array which holds data point instances 

of the DataPoint class. It handles the import and export of data from a data file. The 

import and export member functions are assigned to value 0, which means they must be 

redefined in all derived classes depending on the type of file. The DataPointArray class 

also contains the data members and functions to get the maximum and minimum X and Y 

values, and to obtain the scales and units of the X and Y data. Its member fields and 

functions are described as below: 

NumberPoints. a long integer that holds the number of points contained in the 

alray 

XUnit: pointer to the TUnits object for X data 

YUnit. pointer to the 7Units object for Y data 

XMin: double value for the minimum X data 

XMax: double value for the maximum X data 

YMin: double value for the minimum Y data 

YMax: double value for the maximum X data 

XScale: pointer to the TScale object for scaling the maximum X data 

YScale: pointer to the 7Scale object for scaling the maximum X data 

FileName: a string that holds the name of the file that the data is imported from 

Import(): pure virtual function to import data from a file 

Export(: pure virtual function to export data from a file 

GammaData Class 

GammaData class is a subclass of DataPointArray. It defines the type of data array which 

reads data from a gamma data file. The gamma data file stores a step size between 

successive data first and then an array of one dimensional data values. The GammaData 
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class provides member functions to import and export data. The X data values are 

calculated by increasing a step size successively each time a Y data value is read. The 

member fields and functions of the GammaData class include: 

StepSize. a long integer that holds the distance between the adjacent data points 

Import(): redefines the virtual function of DataPointArray to read the gamma data 

from a data file 

Export(): redefines the virtual function of DataPointArray to export gamma data 

to a data file 

Measurement Class 

Another subclass of DataObject is Measurement. It serves as the base class for all types of 

measurement objects. It defines the general information and behavior involved with 

measurement. A Measurement object is a complex object that consists of other component 

objects, such as the User, Project, Site, and Date objects. The Measurement class is 

designed as an open structure to add more properties and operations. The current 

properties of Measurement include: 

theName: the string that holds the measurement name 

the User: the User object for defining the measurement user 

theProject: the Project object that defines the measurement project 

theSite: the Site object that defines the place where a measurement is performed 

Today: the Date object that holds the date when a measurement is started 

TLsf Class 

The 7Lsf class is a subclass of the Measurement class. It defines a kind of spatial 

measurement of luminance as function of points in a line. The 7Zsf class inherits all the 

properties of the Measurement class. It contains a GammaData object that defines an 

array of data with a step size between successive data values. It reads data from a data file 

by the import function of GammaData. It writes data to a data file by the export function 

of GammaData. 

79



5.3.3 Object Schema Generation 

Building an ObjectStore database application involves the generation of schema 

information about the classes of objects that require persistent storage. The schema 

information is generated and stored in a database called the application schema database 

before the DMAS application accesses its database [OS92]. 

The DMAS schema information is defined by a schema source file, which includes a list of 

classes whose instances have persistent storage in the database. The schema generation 

process must be performed before accessing the database by using the Schema Generator 

provided by the ObjectStore ODBMS. 

5.4 Object Management Interface 

The previous section discussed the object-oriented schema (class definitions) for the 

DMAS database objects, which models the real-world entities as objects with unique 

identities. The system must also furnish the user with an interface for creating, destroying, 

modifying and accessing these objects. In object-oriented database programming 

environments, these functions are performed by sending messages to objects. The object 

management interface provides such an interface for managing database objects for the 

user. 

The object management interface consists of graphical user interface objects such as 

windows, dialog boxes, and controls. The construction of object management discusses 

the application flow and functionalities of the object management interface. These 

functionalities are implemented using the object manipulation mechanisms provided by 

ObjectStore. The following sections discuss the user interface development, the object 

management construction, and the object manipulation mechanisms, respectively. 
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5.4.1 User Interface Development 

We have implemented a multi-window graphical user interface using an object-oriented 

framework, Borland's Object Windows Library (OWL), to manage the database. The user 

interface contains windows and dialogs for querying and manipulating database objects, 

and message-driven events for triggering functions in the object manipulation layer and 

invoking execution of window objects. 

The typical sequence of interactions with interface objects is as follows: the running of a 

top-level application creates and shows the main window; the user makes menu selections; 

the corresponding windows or dialogs are created and displayed; the user may perform 

queries, view database objects, input new data, and open multiple windows; the user then 

exits the system and the windows disappear. 

The user interface provides a user with an extensive set of tools for windows, menus, 

dialogs, buttons and boxes. It provides a convenient interface for manipulating DMAS 

database objects, including creation of new objects, retrieving existing objects, and 

viewing or updating these objects. The following sections discuss the development of 

these tools. 

Creation of Windows 

In order to open multiple windows at the same time, a subclass of the 7M/DIFrame 

window class needs to be defined. The 7DmasWindow is such a class defined for the 

DMAS main window with the multiple document interface (MDI). It constructs the main 

window that displays when the DMAS starts up and provides management of the 

dynamically-created child windows. A child window menu called Window is provided, 

from which the user can select operations that control the MDI child windows such as 

Tile, Cascade, Arrange, and Close All. An entry for each opened MDI child window is 

automatically appended to the end of this menu. 7DmasWindow also provides the 

following member functions for handling the message responses to the menu selection of 

the user: 

1. logging onto the system, 

2. logging out of the system, 
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. creating a new measurement, 

. retrieving a measurement, 

. Opening an existing measurement, 

. Opening a data file and importing data, 

. exporting data to a data file, 

. Saving a measurement into the database, 
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. editing and updating a measurement, 

10. manipulating system information, 

11. opening the help information, and 

12. quiting from DMAS. 

The child windows are defined by subclasses of the 7Window class in the ObjectWindows 

library, each of which is scrollable and resizable. Managed by the frame window, the child 

windows can be tiled, cascaded, opened, and closed at the same time. Figure 18 shows the 

start window of DMAS. Figure 19 illustrates the main window available to the system or 

privileged user after the user logs on. Figure 20 is the measurement window which 

displays the measurement information and data plotting. 

Creation of Menus 

The menus are best defined in an application's resource file, so that we can change the 

appearance of the application without changing the source code. Each menu resource 1s 

defined in the resource file. It is assigned to a window by supplying the AssignMenu 

function in the constructor of the window. 

DMaAS uses two sets of menu resources: MENU START and MENU_MAIN, as illustrated 

in Figure 18 and 19, respectively. Menu items are grayed out or enabled depending on the 

user's access privileges and operations. The DMAS start up window is assigned to the 

MNU_START menu resource, in which only a primitive set of menus are provided----File, 

Window, and Help. The user can log onto the system with a user id and a password. 

DMAS will verify the password and the privilege level for the user. A guest level user 

stays with the start up menu, provided with the access to a measurement without saving or 

updating. A operator user can access the Save (as) menu items under the File menu to 

save a measurement or to save the current measurement as another measurement. DMAS 

offers the privilege and system users with more access privileges by providing them the 
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MNU _ MAIN menu resource, which includes the File, Edit, Measurement, System Info, 

Window, and Help menus. A privilege user is allowed to update the information regarding 

measurement and analysis. A system user is allowed to manipulate the DMAS database 

objects with all the privileges provided to low level users. 

The File menu, Edit menu, Measurement menu, System Info menu, Window menu and 

Help menu we used are discussed below: 

As illustrated in Figures 21, the first menu we start up with DMAS is the File menu. Its 

purpose is to provide file commands to log onto and log out of the system, to open and 

close the measurement or analysis, and to save and print information. We include the 

following items in this menu: 

Log on 

Log off 

New 

Open... 

Close 

Save 

Save as... 

Import... 

Export... 

Print... 

Quit 

Some of these items may be disabled (or grayed) at certain times. For example, the Logoff 

command should be enabled only when the user logs onto the system, and the Close and 

Save commands should be enabled only when the user opens a file. The New and Open 

commands are further expanded into the following submenu items: 

Analysis 

Character 

Jitter 

MTF 

Measurement 

Character 
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Jitter 

LSF 

The second menu is the Edit menu. We include the standard edit items in this menu, such 

as copy, cut, clear and paste. 

The next menu is the Measurement menu. It provides the access and updation of 

measurement and analysis information for the currently opened measurement window. The 

menu items it provides are: 

Measurement 

Analysis 

The next menu is the System Info menu, which provides a place to manipulate all kinds of 

database objects. It will be grayed for the standard user, and opened for the system user 

only. Typically selecting an item will bring up a dialog box where the user may add new 

objects, update old objects, and delete objects. We include the following items in this 

menu: 

Analysis 

Company 

Measurement 

Project 

Site 

Sponsor 

Target 

User 

The next menu handles the multiple windows opened by the application. We call it the 

Window menu. It includes the standard Window menu for MDI frame windows, but also 

the menu items for saving and restoring window states. The commands it provides are the 

following: 

Cascade 

Tile 

Close All 

Save State 
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Restore State 

The last menu we provide is the Help menu. It contains the items to invoke the help 

information regarding the application. The item used to bring up a dialog box containing 

the name of the application and its copyright is named "About". 

Creation of Dialogs 

The creation attributes of a dialog are defined in the Windows resource file, that is, a 

dialog resource definition defines the appearance and placement of the dialog box and the 

controls within it. In order to create behavior of dialog boxes, we need to define 

subclasses of the 7Dialog class in ObjectWindows. The TDialog class provides the basic 

behavior of a dialog box, such as creation of mode and modeless dialog boxes, close of the 

dialog box, and manipulating dialog controls. Derived classes from the 7Dialog may 

define specific behavior to the dialog boxes, such as handling responses to push buttons, 

mouse clicks, mouse dragging, and list box selections, etc. In DMAS, the input and 

retrieve dialogs are created for each significant database object. Examples of input and 

retrieve dialogs are illustrated in Figures 22 and 23, respectively. 
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5.4.2 Object Management Construction 

This section describes the construction of the object management interface of the DMAS 

prototype. The object management construction is cohesively associated with the creation 

of user interface objects and the application control flow. This procedure is illustrated by 

the parent-child links of user interface objects shown in Figure 24. 

System Initialization 

The DMAS program is run by selecting the dmas.exe icon from the Windows file manager 

or typing “win dmas” from the DOS command line. The DMAS main program, called 

WinMain, consists of only three statements: 

1. Create the 7Dmas application object by calling its constructor. 

2. Call the Rum member function of the 7Dmas application object, which then calls 

InitApplication and InitInstance to perform instance initialization, and /nitMainWindow to 

create a main window. The DMAS application is then set in motion by calling 

MessageLoop to process incoming Windows messages and direct activities. 

3. Return the final status of the DMAS application to the WinMain. 

The DMAS application object is defined by the TDmas class, a subclass of the 

TApplication class in ObjectWindows. 7Dmas defines a constructor to create the DMAS 

application object, and redefines the public member function /nitMainWindow to initialize 

the TDmasWindow main window object. Inherited from TApplication, the Run member 

function calls MessageLoop to process incoming Windows messages, the instructions that 

direct the DMAS application's activity. 

The DMAS main window is created and displayed with a start up menu when the 

application starts up. Most of the menu items are grayed except the Log on menu item, 

which allows the user to log into the system by entering a user id with an appropriate 

password. After correctly validating the user's id and password, the corresponding DMAS 

menu items are enabled based on the user's level. A guest or operator user stays with the 

start up menu. A guest user can make a new measurement or view a measurement without 
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save. A operator user is provided with more privileges, such as saving a measurement. A 

privilege and system user can access the DMAS main menu, which allows a privilege user 

to edit and update a measurement, and a system user to access the system information and 

manipulate database objects. Important object data management tasks are described as 

below: 

Creating a Measurement/Analysis Object 
To create a Measurement or Analysis object for the user, the File/New menu for 

measurement or analysis needs to be selected. A 7MeasurementWindow object is created 

by choosing the Measurement menu item under the File/New menu. After a new 

measurement is made by entering the measurement parameters and collecting the data, a 

Measurement object is created. It can be saved into the persistent database by selecting 

the File/Save or File/SaveAs menu item and verifying other related information, such as 

the user, project, and site. The Analysis objects are created in the same way. 

Retrieving and Opening an Existing Measurement/Analysis Object 
To open an existing measurement or analysis object stored in the database, the user selects 

the File/Open menu. Upon selecting a menu item for measurement, a 7QOueryMeasureWin 

object is created and displayed. The TQueryMeasureWin provides a place for retrieving 

and selecting an existing measurement object. The user may specify the items and entries 

for the query condition of searching database objects. The query conditions are specified 

by selecting one or more users, selecting one or more projects, selecting a site, and 

entering the start and end date. Selected users and projects may be combined with either 

the AND or the OR Boolean operators by selection of the corresponding radio button. 

After a list of measurement objects are retrieved and browsed in the measurement list box, 

the user may select an object and open it for further manipulation. 

Manipulating a System Object 

To manipulate various database objects managed by the system, the System Info menu 

needs to be selected. The items under the System Info menu include analysis, company, 

measurement, project, site, sponsor, target, and user. Upon choosing a menu item, a 

query dialog for that object type is created and displayed with a listing of objects retrieved 

from the database. The user may browse and select these objects, and click on the Add, 
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Open, or Delete buttons to add a new object, open a selected object, or delete a selected 

object. 

Viewing a Database Object 

After an object in a list of retrieved objects is selected and double clicked, a view dialog 

object is created to display the object's information content. The user can view the object 

with no modifications. For example, when clicking on a measurement object, a 

TMeasurementInfobDlg is created to display the measurement information with no edit 

allowed. No modification to the measurement object is allowed or accepted. 

Inputing and Updating a Database Object 

When an object is selected for opening or a new object is to be added into the database, a 

input dialog object is created to display the object's information content and to accept the 

user's input. The user may update the object with the input or cancel the input by clicking 

on either the OK or the Cancel button in the dialog box. The input dialog object is 

responsible for validating the user's input before saving. For example, when opening or 

adding a measurement object, a 7MeasurementDig is created and displayed to accept the 

user's input. When the user has finished input, he may choose to save the new input or to 

cancel it. The 7MeasurementDig validates the user input for the measurement object 

before it saves the input. 

Importing and Plotting Data 

Importing and plotting data is another important feature for DMAS. When the import 

menu item is selected, a file dialog is opened which allows the user to select which file to 

import from. Upon the user's selection, a measurement data file with the extension ".DAT" 

is opened and a 7UxyPlotWindow object is created. Construction of the 7UxyPlotWindow 

object causes the creation of a 7DataPointArray object and the import of data from the 

selected data file into the data point array object. A [XAxis and a TYAxis objects are also 

created along with a 7DataCurve object. The TXAxis object displays X axis labels and a 

title defined with the X units and scale of data in the horizontal direction. The 7YAxis 

object displays Y axis labels and a title defined with the Y units and scale of data in the 

vertical direction. The 7DataCurve object displays the plotting of data dots in a 

rectangular area. The 7UxyPlotWindow is resizable and movable. A resize of the 
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TUxyPlotWindow causes redrawing of the TUxyPlotWindow, and then causes the 

redrawing of the X and Y axes and the data curve. 

5.4.3 Object Manipulation Mechanisms 

In order to implement the above features of the object management interface, it is 

necessary to provide object manipulation tools and functions to access and manage the 

database objects defined in the object schema. The object manipulation tools use the 

ObjectStore C++ class library and its persistent object management scheme. They 

implement the object management interface which allows the user to manage the database 

objects with direct manipulation of graphical user interface objects. The object 

manipulation mechanisms and functions are discussed below. 

Database Management Class 
The 7DmasDatabase class consists of a set of database management tools needed for 

accessing the DMAS database. It contains a constructor to initialize its data members, and 

a destructor to free the memory. A public member function /nit is provided to initialize the 

DMAS object management environment. A private member field DBName string is 

provided to hold the database name. The OpenDatabase and CloseDatabase member 

functions are used to open and close the DMAS database, and the JnitDBRoots member 

function is used to initialize the database entry points before any database object retrieval. 
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class TDmasDatabase 

{ 
public: 

TDmasDatabase( Pchar theName); // constructor 

~TDmasDatabase(); // destructor 

virtual void Init(void ); // initialize Objectstore and DMAS database 

private: 

virtual void OpenDatabase(Pchar theName); // open database with theName 

virtual void CloseDatabase(); // close database and do cleaning of roots 
virtual void InitDBRoots(); // get and initialize database roots 

Pchar DBName; // the name of DMAS database with path 

}; // end TDmasDatabase declaration 

Figure 25. TDmasDatabase Class Interface   
  

Database Roots and Object Grouping 

In the DMAS database, persistent objects of a class are grouped together under class 

extent, which is a collection of pointers to all the instances of that class. A class extent 

serves aS a database entry point or root for retrieving related database objects. Class 

extents are instances of the os_collection class provided by ObjectStore. The DMAS 

database roots include the user extent, project_extent, measurement_extent, site_extent, 

company extent, and TldHandler objects, each of which is an instance of the 

os_collection class and serves as the entry point for all instances of its represented class. 

Transactions 

All operations for accessing persistent objects must be embedded in transactions. Once 

started, a transaction can either be committed or aborted at any time. The changes of 

persistent data are made permanent by committing a transaction, or "rolled back" by 

aborting a transaction. Using transactions, the DMAS database maintains data integrity 

and concurrency control through the support of ObjectStore. The general form of a 

transaction Is:



  

  

OS_BEGIN_TXN(search, 0, transaction: :update) 

{ 

} 
OS_END_TXN(search); 

// read and write to DMAS database objects 

Figure 26. A General Transaction Form   
  

Creation and Deletion of Persistent Objects 

Persistent objects can be created by supplying the ObjectStore mew functions, and deleted 

by supplying delete functions. The new and delete functions will take care of the allocation 

and deallocation of objects in the persistent memory. An example for creating and deleting 

a User object is given in Figure 27. 

  

  

Database* db; // declare the Database object named as db 
User* aUser; // declare a User object 

aUser = new(db, User::get_typespec()) User(Henry); 

// create a persistent user object in db 
ves // other operations 
delete aUser; // delete the user object from db 

Figure 27. An Example of Creating and Deleting an Object     

Object Retrieval 

The retrieval of database objects is associated with the searching for objects whose data 

members satisfy a certain condition. Since DMAS objects are grouped by collections 

(class extents), the retrieval is applied to os collection objects, either by navigative 

queries or associative queries. ObjectStore provides iterator objects called os_cursor for 

navigating through specified os collection objects, and the query member functions of the 

os collection objects. Figure 28 presents an example of retrieving Measurement objects 

whose user and project are in the SelectedUser and SelectedProject, respectively, using an 

os_cursor iterator to navigate through the measurement extent object. 
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OS _BEGIN_TXN(searchMeasurement,0,transaction: :update) 

{ 
os_set* measurement_extent; // the class extent which groups measurement objects 

os_list* UserSelected; // the os_list object which contains selected users 
os_list* ProjectSelected; // the os_list object which contains selected projects 

os_cursor c(*measurement_extent); 

// create an os_cursor object of measurement_extent 
for (Measurement* t=(Measurement*)c.first(); t; t=(Measurement*)c.nextQ) 

if ( UserSelected->contains(t->getUser(Q)) && 
ProjectSelected->contains(t->getProject()) ) 

// find the measurement objects whose user and project 
// are contained in the selected user and project lists 

MeasurementBox->AddString(t->getName()); 

} 
OS_END_TXN(searchMeasurement),; // end search measurement transaction 

Figure 28. An Example of Retrieving Measurement Objects   
  

Accessing Object Properties 
In C++, the object properties can be accessed and updated to all objects when declared as 

public, or to the children objects when declared as protected. To help maintain the safety 

for access and update, we provide two public member functions called get and set to 

implement the appropriate retrieving and updating of object properties. Figure 29 shows 

an example of updating the name of a Project object. 

  

  

// Update the project name 

Project* aProject; 

aProject->setName (TB.Name); 

Figure 29. An Example of Updating the Properties of Projects 
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6. Conclusions 

This thesis presented the creation of the DMAS object data model using Booch's OOD 

approach. The proposed object data modeling started by discovering classes and objects 

that form the vocabulary of the problem domain, and ended with a design of these objects 

and classes that represents the underlying DMAS information contents and behaviors. 

Also proposed is the implementation of this object data model in a prototype system. The 

DMAS prototype uses the ObjectStore ODBMS as its persistent object storage and 

management support, and Borland C++ with applications framework as the application 

development support. The DMAS database management subsystem consists of an object 

schema and an object management interface. The object schema provides class definitions 

for persistent display measurement objects. The object management interface provides a 

Windows graphical user interface for the user to store, retrieve, view, and manipulate 

these persistent objects. 

This final chapter discusses the current system status and results, and summarizes the 

benefits and limitations of object-oriented database development. It then recommends 

future enhancement to the current prototype. In conclusion, it summarizes the 

contributions of this research. 
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6.1 Current Status and Results 

This section discusses the current system status and results. It compares the performance 

of the current system to the previous measurement system, and then summarizes the 

program files and classes implemented. 

6.1.1 Performance Comparison 

The current DMAS prototype is implemented and now running with the ObjectStore 

Server on a stand-alone Gateway2000 486DX/33 and an IBM-PS/2 386. The graphical 

user interface is accessible to the user with windows, dialog boxes, buttons, and list boxes 

----by simple clicks. 

The performance of the DMAS prototype is much better than the previous measurement 

system used in the Display and Controls Laboratory at Virginia Polytechnic Institute & 

State University. The following performance was achieved on the Gateway2000 by 

averaging over approximately 10 trials. The time for entering the DMAS prototype was 45 

to 50 seconds, in which approximately 30 seconds were involved with the initialization of 

ObjectStore and the DMAS database environment. The creation of a new database object 

(e.g., a measurement object) from the user interface took about 1 second. Deletion was 

even faster. The update of objects was a little faster for small objects, and a little slower 

for complex objects. For complex objects such as measurements, the update took about 2- 

3 seconds. For smaller objects such as users, it took only about 1 second. The importing 

and plotting of data took about 1-2 seconds. Retrieval time of persistent objects depends 

on the number of objects in the database. Since we created just a few testing objects, the 

retrieval was very fast. A simple query for searching an object with a selected name took 

only 1-2 seconds. A complicated query for measurements, such as finding a set of 

measurements with specified users and/or projects, took about 2-3 seconds. Table 3 shows 

the performance of the current measurement system loaded with a small amount of data. 

The previous data collection system (GAMMA) runs on an IBM-PC XT. Entering the 

system took about a minute. The set up time of a new measurement took about 1-2 

101



minutes. The graphical displaying of data took about 20 seconds. The writing of data to a 

data file took about 20-30 seconds. 

The data conversion (S_CONVRT) and data plotting (AUTOCAD) software runs on an 

IBM PS/2 386. The data logging took 30 seconds per measurement, and the conversion 

into a standard measurement file took 10 seconds. The plotting and displaying of the 

measurement data using AutoCAD takes about 1-2 minutes. Retrieval of measurements is 

done manually, involved with human intervention time for searching measurement data 

files by name and date/time. If the data file name is not remembered or written down, a 

single measurement retrieval might take 30 minutes or even one hour depending on when 

the measurement was made. Retrieving a set of measurements requires 1 to 2 hours to 

determine the correct location of all files and 1 to 2 minutes per file to retrieve. Table 4 

shows the performance comparison of the old and new measurement systems based on the 

same activities. 

Table 3. Performance of the Current DMAS Prototype 

  

  

  

  

  

  

    

User Operations Time (sec.) 
Initialize and Enter the System 45 

Retrieve Objects 1-3 

Create and Delete an Object 1-2 

Save and Update an Object 1-3 

Plot Data 1-2 

Exit the System 2       

Table 4. Performance Comparison of Measurement Systems 

  

User Operations Old System Performance* 
(sec.) 

New System Performance** 

(sec.) 
  

Save a Measurement 20-30 2-3 
  

Retrieve a Measurement 1800-3600 or more 

(a set of measurements); 

60-120 (per measurement file) 

1-3 (a set of measurements); 

1-2 (per measurement) 

    Plot Data   60-120   1-2 
  

* Includes human intervention time. Tested on an IBM PC-XT and an IBM PS/2 386. 

** Tested on a Gateway2000 486DX/33. 
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6.1.2 Sizes of Code, Classes and Program Files 

In the DMAS prototype, the base group, measurement group and graphical data group of 

the DMAS object data model have been implemented. Currently the measurement group is 

focused on the LSF measurement, which is the oldest and most common of display 

measurements. The spectral and temporal measurements, which are also important, will be 

added into the DMAS prototype later. An object management interface is built up for 

creating, retrieving, viewing, and manipulating various display measurement objects. It is 

associated with the user interface objects, such as windows, dialogs, buttons, and list 

boxes. Each window or dialog has a class that defines it, which is inherited from 

ObjectWindows library classes. 

In regard to the code, the total size of DMAS is about 10,000 lines. Near fifty classes have 

been implemented. Table 5 and 6 shows detailed program statistics for the DMAS object 

schema, and object management interface, respectively. The coding features considered in 

these tables include the sizes (lines of code) of code modules in the header file and 

implementation file, classes contained in each program file, and the description of these 

  

  

  

  

  

  

  

  

  

  

    

classes. 

Table 5. Program Statistics of DMAS Object Schema 

File Name | Header File | Source File Classes Description 

(*.h) Size | (*.cpp) Size 
COMPANY 86 67 Company, Sponsor Companies and 

Sponsors 

DATAOBJECT 56 45 DataObject Root 

ID 78 98 TId Identifiers 

LSF 86 86 TLsf LSF Measurements 

MEASURE 59 67 TMeasurement Measurement Root 

PERSON 213 349 PName, Address, Phone, | Person Name, Address, 

Person Phone Number, Persons 

POINT 158 198 DataPoint, Data Point and Data 

DataPointArray, Point Arrays 

GammaData 

PROJECT 117 122 Project, User Projects 

SITE 59 65 Site Sites 

(TOTAL NO.) 912 1097 16 N/A           
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Table 6. Program Statistics of DMAS Object Management Interface 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

          

File Name | Header File | Source File Classes Description 

(*.h) Size | (*.cpp) Size 
COMMDLG 73 112 TDeleteDlg, TLoginDlg {| Common Dialogs 

COMPYDLG 139 519 TQueryCompanyDlg, Company Management 

TCompanyDlg, Dialogs 

TCompanyInfoDlg 

DMAS 150 439 TDmas, TDmasWindow | Application and Main 

Window 

DMASBASE 52 45 TDmasbase Database Mgmt Tools 

LAB_VEC 72 97 TLabel Vector Units Label Vectors 

LENGTH 44 30 TLength Length Units 

LUM 44 64 TLuminance Luminance Units 

MSRWIN 243 1607 TQueryMeasureDlg, Measurement 

TMeasureDlg, Management Dialogs 

TMeasurelInfoDlg 

SCALE 82 166 TScale Graph Data Scalers 

SITEDLG 133 420 TQuerySiteDlg, Site Management 

TSiteDig, TSiteInfoDlg | Dialogs 
SPONDLG 137 519 TQuerySponsorDlg, Sponsor Management 

TSponsorDlg, Dialogs 
TSponsorInfoDlg 

UNITS 514 837 TUnits, TUnitsDialog, Unit Root and Dialogs 
TUnitsIOWindow, 

TUnitsNoEditDialog 

USERDLG 161 622 TQueryUserDlg, User Management 
TUserDlg, Dialogs 
TUserInfoDlg 

UXYPLOT 242 597 TAxis, TXAxis, Graphical Plotting 
TYAxis, TDataCurve, Window 

TUxyPlotWindow 

(TOTAL NO.) 2086 6074 30 N/A   
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6.2 Development Experience 

As described in this paper, the DMAS prototype provides a testbed and vehicle for 

investigation into the suitability of using the ObjectStore ODBMS for object data storage 

support, and building of an object-oriented data model and database for display 

measurement systems. The experience gained from this project suggests several "pros and 

cons" of object-oriented database development. 

6.2.1 Advantages 

The advantages of OODB development include the following: 

1. The object data model contains more semantics than relational data models. Inheritance 

relationships provide a means of grouping similar objects, with reuse of properties of 

ancestor classes. Aggregations allow the make up of composite objects of user-defined 

data types. The object identities automatically maintained by the system free the limitation 

of first-normal form required by the relational data model. 

2. OODB provides the ability to associate objects with metadata. Using the OODB 

approach, measurement metadata and data are stored together explicitly and flexibily in 

the form of related objects and classes. This ability greatly facilitates scientific 

measurement by providing efficient storage and retrieval for measurements. 

3. A lucid interface can be easily mapped to objects. For each kind of database object, 

there is an interface object (a window or a dialog box) directly associated with it. The 

interface object displays the information content of database objects, and sends the user's 

input to the database to manipulate objects. 

4. The development and maintenance cycle is reduced. Using Booch's OOD approach, 

objects and classes are discovered in a way which more closely models the real world 

entities; users and database designers commuicate more easily through Booch's intuitive 

design notations expressed in objects and classes, and relationships. The implementation of 
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these objects and classes is also eased for developers once a detailed object data model 

design is achieved. Since the implementation details are encapsulated in classes, the 

systems allows a group of people working on different modules and their work can be 

easily integrated. 

A good example is the development of the DMAS prototype system. The initial 

exploration and literature research of object-oriented database technology started from 

summer, 1992. The real design of the DMAS object data model began in mid August, 

1992. After two and a half months, the object-oriented design was moved into database 

prototype implementation. By February 1993, the basic database objects and an initial user 

interface for accessing the database had been created. Between February and May 1993, 

the objects regarding measurement and system management were created and the previous 

objects were tested and refined. From mid May 1993 to mid June 1993, a graphic plotting 

objects and measurement data objects were designed and implemented. By now, a 

prototype system is operational with measurement object management capabilities. The 

total development of the system was carried out by two people: a half-time programmer 

(the author), and a project manager. From our experiences of integrating our work, we 

found there was less integration effort than would occur with traditional software 

development. The code should be easy to reuse and easy to maintain. 

5. Object-orientation, characterized by encapsulation, inheritance and aggregation, allows 

the design and building of an open-structured system. The classes and objects are not 

limited to the current development. More features and functions will be easily built in with 

minimum cost. The code is easy to reuse and extend in the following sense: class 

encapsulation hides the implementation details and allows changes without hurting other 

objects; inheritance and aggregation allows reuse of code and easy extension of objects 

and composition of user-defined complex objects. 

6. With the support of the ObjectStore ODBMS, the DMAS achieves good performance 

for storage and retrieval, which is discussed in the previous section. The class structures 

can be mapped directly into the database without transformation into relational tables. 

Thus persistent objects are manipulated in the same way as transient objects, with the 

speed of proprietary file systems. 
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6.2.2 Disadvantages 

We also found the following disadvantages in OODB development: 

1. OODB development assumes knowledge of the object-oriented paradigm, which may 

involve a long learning curve for traditional developers. Our experience shows that this 

learning curve might take three to six months. 

2. Current commercial ODBMSs are not mature yet. We have found the following 

problems with the ObjectStore ODBMS: 

a). The ObjectStore database management tools are not comprehensive or easy to use. For 

example, ObjectStore provides a Browser for browsing the database and a Schema 

Designer for designing the database schema. But the Database Browser lacks support for 

modifying databases, and the Schema Designer cannot interact with the application 

schema source code. These tools definitely need more improvement to enhance database 

management capability. 

b). The schema evolution features are limited for the Windows version of the ObjectStore 

ODBMS. The Schema Designer provides a form of dynamic schema evolution, but we 

found it lacking in interactive programming capabilities; hence this feature is not fully 

functional. Since dynamic schema evolution represents a key advantage of database 

extensibility, we think this is a urgent demand for an ODBMS. 

c). The query manipulation in ObjectStore is not convenient to use. A query in 

ObjectStore is generally performed by invoking the query member function of 

os_collection. A query string is supplied to specify the query selection criterion. Since a 

query string does not allow general function calls, its use tends to be very limited. The 

other query facility provided is pre-analyzed queries, which include three logical steps. 

The three steps are: create an query object to analyze the query expression, create a bound 

query object for binding the free variables and function references in the query, and then 

use the bound query directly in query evaluation. Thus pre-analyzed query processing is 
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expensive and not easy to use in many cases. If OSQL-like queries were provided, the 

query manipulation should be easier and more efficient. 

Figure 30 shows an example of a query with a query string. The query string is a string 

which may consist of a long-valued C++ expression if the type of each variable (except the 

data member) is specified explicitly with a cast, and there is no call to any function, except 

strcmp() and comparison operators for which users defined a corresponding rank function 

[OS92]. Thus only limited queries can use simple query strings. Figure 31 shows a pre- 

analyzed query in three steps. Note that it allows the use of free variables min_age and 

max_age. However, these steps are complicated and code consuming. This method turns 

out to be expensive. 

The above disadvantages are because ODBMSs are still in their infancy and are not as 

robust as RDBMSs. However, compared with their advantages, we have seen that object- 

oriented database systems do have very promising features and capabilities. They also 

need increased research and development work. 

  

  

database *db; // a database named as db 
os_set *people; // a set of people 
os_set* teenagers = people->query ( 

"person*", "this->age >= 13 && this->age <= 19", 

db); // create a query on the set of people to find 
// the teenagers with age between 13 and 17. 

Figure 30. A Query Using the Query-String 
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// create a pre-analyzed query for people in a given age range. 

const os_coll_query &age_tange_query = 
os_coll_query::create ( 

"person*", "age >= (int) min_age && age <= (int) max_age", db); 

// create a bound query at any time after having created a pre-analyzed query, 
// find teenage people aged between 13 and 19. 

int teenage _min = 13, teenage_max_age = 19; 

os_bound_query teenage_range_query ( 

age_range query, ( 

os_keyword_arg ("min_age", teenage_min_age), 
os_keyword_arg ("max_age", teenage_max_age) ) 

)3 

// Use the bound query directly in query evaluations 

people.query (teenage_range query); 

Figure 31. A Pre-Analyzed Query 

  

6.3 Future Work 

The current DMAS prototype is not complete. While the database management subsystem 

implemented the most common display measurement objects and the object management 

interface, there still is need for more work. Suggested future works include: 

1. Object Schema Completion: Current object schema covers base classes, measurement 

classes, and graph data classes. It needs to be enhanced and extended at least in the 

following ways: build in more features and types of measurements, such as spectral and 

temporal measurements; construct the target and analysis objects. 

2. User Interface Enhancement: The user interface needs to be enhanced with more 

capabilities, such as print and edit functions, and DMAS help facilities . 
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3. Schema Evolution: Schema evolution is important for dynamic schema modifications 

and extensions. While remaining open to ObjectStore's new release of schema evolution, 

the DMAS prototype needs to work on its own schema evolution capability. Suggestions 

include: providing import and export functions for object schema classes to be able to 

exchange data between the database and disk files; providing functions for adding new 

classes and new class data members, and providing functions for changing and removing 

existing classes and class data members. 

4. Network Support: ObjectStore is a distributed ODBMS which supports standalone use 

and networks, including Sun PC-NFS, Novell Netware, and Microsoft LAN Manager. The 

current DMAS prototype was configured as standalone with the server host named as 

"local", running with the ObjectStore server and cache manager on a single PC. The 

reconfiguration of ObjectStore can be done via the ObjectStore Setup utility (OSSETUP), 

or alternatively the standard-format Windows parameter file OSTORE.INI. In a 

networked environment, the ObjectStore server and cache manager run on a server node, 

and the DMAS applications are run as clients on the client nodes. A server name must be 

specified to indicate the Server host on which the database is created. 

6.4 Assessment 

The purpose of this thesis is to discover the possible impact of object-oriented technology 

on display measurement and analysis systems. The suggested conclusion is that the 

application of object-oriented techniques has the potential to expand the scope of 

conventional measurement systems. System improvements include: complex data 

modeling capabilities, a better and more intuitive user interface, less development and 

integration effort, easier extension of software, and better performance to achieve efficient 

data storage and management capabilities. 

The objectives of this research have been achieved: an open-structured object data model 

for display measurement and analysis has been created, and a flexible object-oriented 

database management subsystem of the DMAS prototype has been implemented. Object- 

oriented technologies, such as object-oriented data modeling and design, object-oriented 
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database and user interface programming, have been incorporated into the development 

procedure. 

In summary, the development of the DMAS prototype system provides a vehicle for 

overcoming the conventional measurement system limitations, and a testbed for creating 

new-generation measurement systems with object-oriented technology. Future work 

includes improving the current system and overcoming its limitations. It is hoped that the 

resulting system will be easier to use and more comprehensive for measurement users. 
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4GL 

ACM 

AFIPS 

CAD 

CAM 

CASE 

CODASYL 

CRT 

CTF 

DBMS 

DBTG 

DB2 

DCL 

DDL 

DML 

ER 

EL 

IDMS 

IMS 

INGRES 

JOOP 

LSF 

MTF 

NCC 

Fourth Generation Language 

Association for Computing Machinery 

American Federation of Information Processing Societies 

Computer Aided Design 

Computer Aided Manufacture 

Computer Aided Software Engineering 

Conference on Data Systems and Languages 

Cathode-Ray Tube 

Contrast Threshold Function 

Database Management System 

Database Task Group 

Database 2 (IBM) 

Displays and Controls Laboratory 

Data Definition Language 

Data Manipulation Language 

Entity-Relationship 

Electroluminance 

Intelligent Database Management System (Cullinet) 

Information Management System (IBM) 

Interactive Graphics and Retrieval System (RTI) 

Journal of Object-Oriented Programming 

Line Spread Function 

Modulation Transfer Function 

National Computer Conference 
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ODBMS 

OIS 

OO 

OOA 

OOD 

OOPL 

OOPSLA 

OMT 

OSF 

OSQL 

OWL 

SIGMOD 

SIGPLAN 

Object Database Management System 

Office Information Systems 

Object-Oriented or Object-Orientation 

Object-Oriented Analysis 

Object-Oriented Design 

Object-Oriented Programming 

Object-Oriented Programming, Systems, Languages, and Applications. 

Object-Oriented Model and Design 

Open Software Foundation 

Object Structured Query Language 

ObjectWindows Library 

Special Interest Group on Management of Data 

Special Interest Group on Programming Languages 
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