
NAVAL POSTGRADUATE SCHOOL

AD-A247 0 5 4 Monterey, California LP
11111111111111l i)l JIll l lll l llll

DTI '
&%E LECTi

MR0 61992

THESIS

DESIGN AND IMPLEMENTATION
OF A MULTIMEDIA DBMS:

COMPLEX QUERY PROCESSING

by

Huseyin Aygun

September 1991

Thesis Advisor Vincent Y. Lum

Approved for public release; distribution is unlimited.

92-0580392 3 03 23tsr11tlltttllllll~lll



UNCLASSIFIED
SECUWM CLASSICATIO OF THIS PACE

REPORT DOCUMENTATION PAGE
la. REPORT SECURITY CLASSIFICATION UNCLASSIFIED lb. RESTRICTIVE MARKINGS

2a SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT

2b. DECLASSIFICATIONDOWNGRADING SCHEDULE Approved for public release;
distribution is unlimited

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)

go NAME OF JEFORM OAIATION Ob. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
omputer cience pt. (ifalicabe) Naval Postgraduate School

Naval Postgraduate School CS37

Sc. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)

Monterey, CA 93943-5000 Monterey, CA 93943-5000

6a. NAME OF FUNDING/SPONSORING '8b. OFFICE SYMBOL U. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (i aplicable)

Sc. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
P~ AM IPROJECT TASK WORK UNIT

LEMENT NO. NO. NO. ACCESSION NO.

11. TITLE (Include Secuty Clsaficaton)
DESIGN AND IMPLEMENTATION OF A MULTIMEDIA DBMS: COMPLEX QUERY PROCESSING (U)

12. PERSONAL AUTHOR(S)
Huseyin Aygun

asTYe R PRT 13b. TsiE COVERED 14. DATE OF REPORT (Year, Month, Day) 415. PAGE COUNT
trllSi FROM 08/89 TO 09/91 September 1991 240

1. SUPPLEMENTARY lhe views expressed in t esi are thoseof the author and do not reflect the MiTT
policy or position of the Department of Defense or the United States Government.

17. COSATI CODES 18. SUBJECT TERMS (Continue on reven ef rneoeay and identify by block number

FIELD IGROUP SUB-GROUP Multimedia Database Management System, Multimedia, DBMS, MDBMS,
Complex Query, Nexted Query, Multiple Selection, Aggregate Function.

19. ABSTRACT (Continue on reverse I neesaaty and iden*fhy by block nnber)
Traditional Database Management Systems (DBMS) are capable of managing only alphanumeric data. The Mul-

timedia Database Management (MDBMS) Prototype started at the Computer Science Department of Naval Postgrad-
uate School in 1988 made it possible to capture, store, manage, retrieve and present different media information such
as image and sound by using the current, modem computer technology. In the existing MDBMS, if a query references
only formatted data, it is passed to INGRES directly, but if a query includes media data, then the query is decomr osed
into multiple subqueries each of which must be individually processed, and the intermediate results of which must be
recomposed to form the final result to be given to the user. This thesis will concentrate on complex queries involving
nesting conditions and multiple selections which are not supported by the existing MDBMS prototype.

20. DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

UNCLASSIFIEDUNLIMITED [] SAME AS RPT. [] DTIC USERS UNCLASSIFIED
Jm"NAMEVFUSPONSIBLE INDIVIDUAL .2. ILPOF./¢ueAe oe 2 sImICE SYMBOL

22b. TELEPHONElinclude Area Code)cent X. Lur (408) 646-21sm

DO FORM 1473, 4 WMAR 03 APR edtdon my be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE
All other editions re obsolete UNCLASSIFIED

i



Approved for public release; distribution is unlimited

DESIGN AND IMPLEMENTATION OF A MULTIMEDIA DBMS:
COMPLEX QUERY PROCESSING

by
Huseyin Aygun

Lieutenant JG, Turkish Navy
BS., Turkish Naval Academy, 1985

Submitted in partial fulfillment of the

requirements for the degree of

MASTER OF SCIENCE IN COMPUTER SCIENCE

from the

NAVAL POSTGRADUATE SCHOOL
September 1991

Author.

Approved By: "
Vincent Y. Lue, Thesis Advisor

C. Thom Wu, Second Reader

Robert B. McGhee, Chairman,
Department of Computer Science

ii



ABSTRACT

Traditional Database Management Systems (DBMS) are capable of managing only

alphanumeric data. The Multimedia Database Management System (MDBMS) prototype

started at the Computer Science Department of Naval Postgraduate School in 1988 made

it possible to capture, store, manage, retrieve and present different media information such

as image and sound by using the current, modem computer technology. In the existing

MDBMS, if a query references only formatted data, it is passed to Ingres directly, but,

if a query includes media data, then the query is decomposed into multiple subqueries

each of which must be individually processed, and the intermediate results of which must

be recomposed to form the final result to be given to the user. This thesis will concentrate

on complex queries involving nesting conditions and multiple selections which are not

supported by the existing MDBMS prototype.
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L INTRODUCION

A. BACKGROUND

Multimedia database management systems (MDBMS) manage multimedia data such

as image data and sound data in addition to formatted data. Multimedia database

management systems are currently attracting a lot of attention because of the demands of

the new applications and the advances of the technology, making it possible to capture

and store multimedia data in computers. Multimedia data broadens the communication

between the computer system and the user. Many applications, military, publishing, or

instructional, routinely need multimedia data. Although the cost of the hardware required

to handle multimedia data is decreasing rapidly, the software needed to manage such

multimedia data is lacking or does not match the needs.

Studies on multimedia database management systems started in Computer Science

Department of Naval Postgraduate School in 1988. Besides storing, managing and

retrieving different media information, the MDBMS prototype also manages the

interrelationships between formatted and media data. Text, graphics, images, sound,

signals and video are the elements of multimedia data. What is common about them is

that they all require rather large storage space and consist of a large and varying number

of small items, like characters, pixels, lines or frequency indicators stored together in

some way to form a unit. They all have a more complicated structure than formatted data,

and require the use of Abstract Data Type (ADT) concept. With this approach, image,



sound, signal, text and graphic data will be treated as new data types. Any attribute of an

object can have one of these types. Currently can use the database operations, create,

retrieve, modify and delete, on these new media data "values".

In our current prototype system we use separate files to store the media objects

because of their high storage requirement. A media object is the value of a media

attribute. An image, for example, is a media object, but it is also the value of the attribute

picture, just like "John" being the value of the attribute name in an Employee relation.

The main task of MDBMS is storage and retrieval, but not processing of data. The

storage and retrieval of multimedia data should be done by the content of the data, but

handling content search is a difficult problem, since it is not possible to use the methods

currently done on formatted data structures.

Since automatic recognition of the contents of media data by the computer is not

possible using today's technology, the decision was made in the MDBMS project to use

natural language descriptions to specify the contents of media data. A Prolog parser was

constructed to understand the meaning of the natural language captions describing the

content of the media data. When the user makes a query related to multimedia data, the

PARSER recognizes syntax and semantics of the natural language description and

interacts with the MDBMS to locate the appropriate data items [REF6].

INGRES is used to store and manage the data. However, many of the tables are

transparent to the users. For example when the user wants to create a table which includes

media data using a SQL statement, the system creates a separate table for each media

attribute in addition to the tables for formatted data.
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B. RELATED WORK

Besides the MDBMS Project at Naval Postgraduate School, there are a number of

researches going on in multimedia data processing around the world. Among those, the

MINOS system tREF4] developed by a team at the University of Toronto manages highly

structured multimedia objects that consists of attributes as well as the text, image and

voice part. Sophisticated browsing and user interface features allow the browsing of the

schema as well as synchronized updates. The MCC Database program [REF15, REF16]

also undertook several multimedia projects by establishing the database requirements of

multimedia applications. They identified requirements for a data model and for the sharing

and manipulation of multimedia data. An 0-0 database management system named

ORION has been developed at MCC in Austin/Texas, which contains a Multimedia

Information Manager (MIM) for processing multimedia data [REF14]. The IBM Tokyo

Research Laboratory has developed two "mixed-object database systems", which are

named as MODES1 and MODES2 [REF5]. In Europe there is an ESPRIT project

designing a multimediia, filing system called MULTOS [REF2, REF3].

Recently multimedia management in the personal computers becomes available by

using hypertext and hypermedia. The concept of hypertext is very old; it has been

transferred to computer systems since 1960's. Originally intended to manage arbitrarily

linked text segments, it has been extended to manage images and sound, and has become

"Hypermedia" [REF7]. The hypertext and hypermedia data management in the Macintosh

computer with a hypercard application has many users, including the ARGOS project

being developed at Naval Postgraduate School [REF13]. The hypertext and hypermedia
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data management uses the hierarchical data structure approach, in which users cannot

query the data as done in the conventional DBMSs, but have to follow the hierarchical

tree structure to process a media. As a result, the users might easily get lost during a

process. Additionally, hypertext requires an interpreter to process the user commands.

Furthermore, the hypertext and hypermedia data cannot be accessed by other users, as in

the database systems, because they are designed to work only on personal computers in

the single user environment. MDBMS, which is a DBMS introduced in [REF6] with the

extended capability to process the multimedia data, was designed to overcome the

restrictions and disadvantages of hypertext and hypermedia systems.

C. THE SCOPE OF THE THESIS

The overall design of the MDBMS prototype was a team effort and is given in the

thesis by Wuttipong Pongsuwan [REF1O], Yavuz Atila [REFI] and Su-Cheng Pei [REF8]

but different parts appear on different levels of details. In [REF10] the retrieval process

is given, in [REFI] the management of sound data is described, and in [REF8] table

creation and data insertion is given. Modify, delete, graphical user interface design is

given in the accompanying thesis [REF12] and [REF9].

An important aspect of an MDBMS is the retrieval process. In the existing MDBMS

prototype, if a query references only formatted data, it is passed to INGRES directly, but,

if a query includes media data then the query is decomposed into multiple subqueries.

Each of the subqueries is individually processed, and the intermediate results are

recomposed to form the final result to be given to the user. However, the early prototype
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version did not support complex queries. This thesis will concentrate on complex queries

such as nesting conditions and multiple selections.

This thesis is organized in six chapters and three appendices. The next chapter,

Chapter II, gives a survey of previous work done in the MDBMS project. Chapter III

reports the modularization of the MDBMS prototype program code. Chapter IV will give

the design for complex query processing. Chapter V will present the implementation of

complex query processing. Chapter VI will give the conclusion and summary along with

a brief statement of other work planned or in progress. Appendix A will present a

comprehensive example for the retrieval process using complex queries. Appendix B will

give the generation of embedded SQL code for complex queries, and finally Appendix

C will present the program code.
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IL SURVEY OF PREVIOUS WORK

As mentioned in the previous chapter, multimedia data consists of media data such

as image, text, voice, signals, etc. in addition to formatted data. A multimedia database

management system (MDBMS) is defined as a system that manages all multimedia data

and provide mechanisms to handle concurrency, consistency, and recovery in addition to

providing a query language and query processing. In this chapter we present the data

organization for multimedia objects, integration of conventional and multimedia data,

architecture of the MDBMS prototype, natural language understanding capabilities in the

parser which are required for the content retrieval of multimedia data, and finally the

retrieval component of the prototype implemented so far.

A. DATA ORGANIZATION FOR MULTIMEDIA OBJECI'

Despite differences in data model and implementation aspects, all research projects

have decided to organize multimedia data using the ADT concept. This is generally

accepted as an adequate approach. However, none of the projects have addressed the

problem of content retrieval of multimedia data.

The fundamental difficulty in handling multimedia data is intrinsically tied to a very

rich semantics. To illustrate such a difficulty, let us look at an image of ships. Given such

a picture, how are we to know what type of ships are in the picture. In other words, are

the ships destroyers, cruisers, submarines or passenger ships? As another example, let us

6



suppose that we have a picture of soldiers. How do we know that the soldiers are fighting

in a war or they are performing an exercise?

To answer queries posed on images, for example, a person must draw from a very

rich experience encountered in life to derive a good answer. One must have a

sophisticated technique to analyze the contents of the images to get the semantics of

different things in the images. Today's technology does not allow systems to have this

kind of capability to answer multimedia queries. However, we can use both Artificial

Intelligence (AI) and Information Retrieval (IR) technology to do the next best thing. We

can abstract the contents of the multimedia data into words or text and use the text

description equivalent of the original multimedia data to match the user query. This is the

principle used in the design of the MDBMS prototype to handle multimedia data for

different applications. Figure 2.1 shows the format of image data and Figure 2.2 shows

the format of sound data; both of them consist of the registration, raw and description

data.

Raw data is the bit string representation of the image, sound, signal, etc. obtained

from scanning or digitizing the original multimedia data. Registration data generally

enhances the information about raw data and is not redundant. Description data describes

the contents of the multimedia data and cannot be automatically derived by the computer

with today's technology. The description data for multimedia data is to be supplied by

users.

7
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IMAGE

Registration data

Height, Width, Depth, Colornap,...

Raw data

Matrix of pixels

Description Data

green eyes, black hair, tall person,...

Figure 2.1 Suuctue of an Image Object
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SOUND

Registration data

size duration

sample rate resolution

encoding

Raw data

bit string

Description data
strong voice, talk fast

Figure 2.2 Smrutur of a Sound Object



B. INTEGRATION OF CONVENTIONAL AND MULTIMEDIA DBMS

The relational model has been selected as a basis to design and build the MDBMS

prototype since the relational model is well known and widely used and has a firm

theoretical basis.

When a relation has an attribute with a media type (i.e., data type of the attribute:

sound or image), then an additional relation, called media relation, has to be created for

storing registration and description data as shown in Figure 2.3. For each attribute with

media data type a separate media relation is created.

OBJECT

I I .. $I O&Oj voice

PHOTO

VOICE
Is..idl Mijd I desr# ion I  "ie al~a n utre dl

Figuie 2.3 Schema for Modeling Relationship between Standard
Objects and Media Objects
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In Figure 2.3 the relation called OBJECT has the media attributes photo and voice

in addition to other attributes with conventional data types. For the photo attribute a

media relation is created and named after its attribute name, namely PHOTO. The

PHOTO relation has Lid as the table key linking the PHOTO relation to the OBJECT

relation. It also has the attributes file_id with the path to the file where the raw data for

the image object is kept, description which is natural language description of the content

of the image, and also height, width and depth which constitute the registration data part

of the image object. In the same way, for the voice attribute of the OBJECT relation

another media relation called VOICE is created. The VOICE relation has the attributes

s_id as the table key, fileid showing the path to the file where the raw data for the sound

object is kept, description describing the content of the sound object and finally size,

samplerate, encoding, duration and resolution as the registration data part of the sound

object.

C. ARCHITECTURE OF THE MDBMS

In this section we will present various components of the MDBMS prototype. The

components of the MDBMS are User Interface, Query Processor, Data Access Subsystem

and Intelligent Retrieval Subsystem (See Figure 2.4).

The Data Access Subsystem consists of Conventional Data Manager and Media

Data Manager and controls the access to the actual data stored in relational and media

DBMS. The Intelligent Retrieval Subsystem is composed of Parser, Generator, Matcher

l1



( User Interface

IQuery Processor I

Data Access Subsystem Inteen t detrval Subsysten

Figure 2.4 Architecture of the MDBMS Prototype

and Description Manager. The Query Processor accepts queries from the user and

executes them by calling the other components. When a new description for a media data

is entered, for example, the query processor calls the parser. The parser uses the

dictionary to produce first-order predicates and return them to the query puu Th
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query processor, then, hands the predicates over to the description manager which links

the description to its multimedia data.

When the query processor receives a query, the first task is to decompose the query

into subqueries each affecting only conventional or media part but not both. The

conventional subquery is directly passed to the conventional data manager without any

modifications. For the text description, the query processor calls the natural language

parser to obtain the equivalent query predicates. The predicates are then passed to the

matcher. The matcher tries to match the query with the qualified multimedia data by

comparing the predicates of the query with that of the stored multimedia data. The

matcher does this by calling the description manager and using domain knowledge. As

the solution to the natural language part of a query, the query processor receives links to

the qualified multimedia data. After combining them with the results of the conventional

subquery the final results are retrieved by the Data Access Subsystem.

The conventional data manager, media object manager, description manager, parser,

matcher and part of the query processor have already been implemented as part of the

MDBMS prototype [REF6, REF7, REF8].

D. NATURAL LANGUAGE UNDERSTANDING IN THE PARSER

In this section we present the natural language understanding capabilities of the

parser. In order to accomplish the goal of content retrieval of multimedia data, complete

understanding of natural language is not necessary. However, a restricted interpretation

13



is necessary and this is done by the parser component using the application dependent

dictionary as a semantic basis.

1. Natural Language Description for Multimedia Data

Retrieval of multimedia data is performed by matching the natural language

descriptions with the query specifications. We believe that unrestricted natural language

processing is very difficult to accomplish given the Al technology today. We found that

the language needed to describe multimedia data is much more formal than everyday

English. Hence, instead of natural language descriptions, we use captions to describe

multimedia data. Captions are a natural but special, stylized way of writing descriptions

with a subset of natural language and not as difficult to parse and interpret as general

natural language.

Additionally, for a particular multimedia application the universe of discourse

is usually quite constrained. Nouns tend to be concrete and most multimedia databases

emphasize still photographs and other fixed time graphics to which few verbs can be

applied thereby easing a difficult aspect of natural language processing. The important

thing is that we use natural language only to access entities in a database making

complete understanding of all aspects of a word unnecessary.

2. Dictionay

Besides the captions themselves, the MDBMS prototype requires auxiliary

information from a dictionary. The dictionary or lexicon is necessary for parsing and

gives each possible natural language word its semantic: its part of speech, its grammatical

14



form and the form of literals needed to represent it. Many of the words for example,

conjunctions and qualifying adjectives are consistent in meaning across a wide range of

domains; thus we can borrow their interpretation from existing natural language systems

and include them in every dictionary. The words that significantly change between

applications are nouns and few verbs, need to be defined for every applications domain

separately, but mostly their meaning is straightforward. To simplify matching, we try to

limit the properties and relationships to a small set of primitives, for example we will not

distinguish between the relationship asserted by the terms 'within', 'inside', 'part of',

'containing', 'including' and 'compromising'. This can be done without loss because in

order to achieve efficient retrieval it is not necessary to capture the full meaning of an

English expression, but just the main intent.

The dictionary is an important part of the system which is application

dependent. In order to allow an interpretation of natural language captions it defines the

domain of each application thus restricting their vocabulary, the semantics and the

knowledge of the system to apply all the information.

3. Natun Language Inrpretation

The parser translates the text description into a set of predicates called meaning

list. The imprecision and ambiguity of the natural language descriptions is reduced

considerably by transforming them into a set of predicates. These predicates state facts

about the real world entities involved with multimedia data like their properties and

relationships. As in most parsing methods, we chose first-order predicate calculus as a

formal representation of the description data. The parser depends on the dictionary to turn

15



the descriptions into predicates. It is the parser's task to use the dictionary to resolve

synonyms and to check the syntactic context to resolve lexical ambiguities.

Other important features of the parser are the use of supercaptions, a

generalization of captions, and frames for stereotypical actions, allowing a set of

predicates to be derived from terms in the description.

The current implementation of the parser uses augmented-transition network

parsing and interpretation routines. It is implemented in Quintus Prolog and running on

a SUN SPARC workstation. The details of the parser and the predicates are beyond the

scope of this thesis and are given in [REF6, REF 1].

An example of a natural language description and its translation into an

equivalent set of predicates using the parser is shown below:

Description: "A cruiser with long-range missiles"

Predicates: ship(x), component(x,y), missiles(y), distance(y,long-range)

Choosing the right set of predicates is a very difficult task which is comparable

to knowledge acquisition for expert systems. For the purposes of this thesis, it is sufficient

to assume that the dictionary lists all the words the parser can recognize, all pans of

speech associated with any word, and the predicates to use when a word appears in a

description. Thus, the set of all predicates that can be used in the descriptions must be

defined in the dictionary.

16



E. RETRIEVAL PROCESS

Retrieval is the most important operation in a MDBMS. In the existing MDBMS

only simple SQL selections are implemented. As mentioned earlier, if a user query

involves only formatted data then it is directly passed to INGRES. However, if a query

includes media data then it is decomposed into multiple subqueries. Each of the

subqueries is individually processed, their results are kept in temporary result tables and,

finally, the results of all subqueries are recomposed to give the final result to the user.

The existing system [REF101 did not support complex queries such as nesting conditions

and multiple selections.

Nesting condition means one or more queries are placed inside another query. The

inner query is called subquery and the encapsulating one is called outer query. The depth

of nesting condition may be arbitrary according to the need.

Multiple selections can be presented in disjunctive normal form by using the

Boolean operator 'and' inside each group, and the Boolean operator 'or' between groups.

There may be one or more conditions inside each group and there may be one or more

groups in a query.

The design and implementation of nesting conditions and multiple selections, which

have not been supported by the MDBMS prototype so far, will be presented in Chapter

IV and Chapter V of this thesis in detail.

17



IL MODULARIZATION

A. GENERAL

When the Multimedia Database Management System was growing and the number

of people working on the system increased, we needed a better way of structuring the

system. We decided that the best way was to divide the MDBMS program code into

smaller units and get each person to work on his part separately without interfering with

other people's parts. In this chapter we will first present the general concepts of

modularization. Then, we will show how we used the C programming language to

implement the MDBMS prototype to achieve modularization. Since modularization of the

MDBMS prototype was a team effort, this chapter will also be included in [REF12].

1. What is Modularization?

Modularization is the process of structuring programs (i.e. data structures and

functions) by dividing them into smaller units called modules. A module is a collection

of related programming language entities (procedures, types, and so on). The different

modules of a program are in relationship with each other resulting in a module hierarchy.

Modules on a higher level of the hierarchy use functions or procedures of lower level

modules.

2. Why do we need Modularitio?

A program which does not consist of substructures is hard to understand.

Dividing a program into modules makes it easier to follow. Division of labor among
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people shortens the time to complete a project. When need arises to change the program

code, changing one or a few modules will be enough to get the desired result. When a

new system is to be built, it is possible to reuse modules of a previous system. Testing

of modules is easier than testing a program code without any structure. In the following

part we will discuss the advantages of modularization in detail.

a. Comprehensibility

A system with no substructure is hard to understand. Years of experience

shows that modules with high cohesion and low coupling supply designers with easier-to-

understand systems. High cohesion means that the functions and objects within a module

are closely related to each other. Low coupling means that each module interacts with

some others through a narrow interface.

b. Division of Labor

To complete a large task in a reasonable time, it must be divided among

the people participating the project. This can be done using modules as basic units. Each

module given to a person of the project should be small enough to be implemented within

a relatively short period of time. If the implementation of a module would take too long,

then it is necessary to break it into smaller pieces.

c. Response to change

Change is a fundamental characteristic of software systems. Users may

ask new features or changes to old ones; the system may move to new hardware or a new

operating system; bugs may be discovered during testing; performance measurements may
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show bottlenecks. All these changes done to an existing software system cost large

amounts of money. Modularization makes it easier to do changes. Changing a module,

instead of changing the whole system gives the desired result.

d. Reusability

When you build a new system, you may need the same functionality that

you used in a previous system. For instance, a module for string utility functions or !/O

functions will be useful for many applications. Instead of rewriting these modules, it saves

much effort if you can reuse modules of a previous system.

c. Easier to test

Smaller parts are easier to debug. In a large system each module should

be tested individually, and large collections of modules should be slowly built up to test

the whole system. Debugging is the search for defects; it often involves a lot of detective

work. Testing has much broader scope, and usually assumes you have finished most of

the debugging. Testing may uncover problems, which may lead to further debugging.

In addition to these advantages, modularization can be used to achieve

two basic principles in systems development: information hiding and abstraction ( or

encapsulation). The principle of information hiding is that each module hides some design

decision. If the design decision changes, then only the module hiding the design decision

need to be changed. All other modules using the changed module do not need to be

changed. Information hiding and abstraction focus on different aspects. Information hiding

20



focuses on what to hide; abstraction focuses on what to reveal. Information hiding tries

to protect you from change; you ask what design decisions might change, and arrange to

hide them so you cannot depend on them. The sorts of decisions one might hide

include:

* The algorithm for carrying out some operation.

* The representation of some data structures.

* The details of an interface to an operating system, or to special purpose hardware.

• The policy for allocating some resource or ordering certain operations.

Every abstract data type is an information hiding module; however a

module may not be an abstract data type. A module can also be a set of unrelated

functions. An abstract data type module provides a collection of procedures for

manipulating the encapsulated data structure. For example, a module might hide the

representation of a stack. It would provide operations for pushing elements onto a stack,

popping elements off the stack, reading the top element of the stack and initializing the

stack. These four functions are called the interface procedures of the module.

3. How to modularize

Now, we need to address how to achieve a modular system. In decomposing

a system into modules five phases are necessary:

a. Identify major groups of design decisions, subgroups within those groups,

and so on. These become the higher levels of the module hierarchy, and chapters, sections

and so forth of the decomposition document. The decomposition document records the

division of the system into modules. It is used as a baseline document for detailed design.
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b. Identify all the major design decisions in your project, and record

modules that hide them in the decomposition document. These become the leaves of the

module hierarchy.

c. Estimate the size of each module. If it seems too large for one person to

handle, break it into smaller pieces.

d. The results of the previous phase are separate modules. Now, the

dependencies between modules need to be specified. A module dependency document

defines the module dependencies and describes a module hierarchy. Figure 3.1 shows

how a module hierarchy might look like. A module hierarchy reflects the structure of the

whole system. Each box represents a module and each line connecting two modules

IModule Modu193 odule4

Modu1e8 Module9 Modulel

Figure 3.1. An Example Module Hierarchy
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represent a dependency between modules. For example in Figure 3.1 Module 1 calls

modules Module 2, Module 3 and Module 4. Module 1 is at the first level of the

hierarchy while Module 2, Module 3 and Module 4 are at the second level of the module

hierarchy and so on.

e. The last phase is to identify for each module the relationship with other

modules. To make the dependencies between modules, import and export interfaces are

added to the documentation header of each module. In the import interface of each

module, functions that are called from other modules are placed. The export interface

summarizes the functionality provided by a module. In the export interface of each

module, functions that can be used by other modules take place. Each module in the

module hierarchy is structured as follows ( Figure 3.2):

1m inteftce
htaface

o body

Figure 3.2 Struture of a Module

export interface:=export <function l>,function2>,...

import interface:--import <function 1>, <function2>,...

from module <module 1>

import <function 1>, <function 2>....
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from <module 2>

module body:= implementation of the exported functions by using the

imported functions (including not exported functions and

data structures)

B. MODULARIZATION OF C PROGRAMS

C programming language (Kernighan and Ritchie C) was chosen to implement

MDBMS when the studies began on the prototype in 1988. However, C does not support

modularization. The only thing that can be done is to divide the program code in parts

and store them in separate files. This allows the user to use separate compilation or the

include mechanism provided by the C language.

Files were not designed as mechanism for information hiding and data abstraction.

They were provided as a facility to support program partitioning and independent

compilation. Files containing components of a C program (functions, declarations and

definitions) can be compiled independently. Independently compiled program components,

along with precompiled library functions, can be linked together to produce a complete

program.

Since C files can be compiled independently, it is convenient to partition large C

programs into smaller and more manageable parts to achieve some advantages of the

modularization concept. Independent compilation allows files containing C program

components to be checked separately for syntactic and semantic errors. Moreover, when
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a program is modified, it is only necessary to recompile the effected components. The

Unix utility 'make' is used to automate this process.

C files can be used to partly implement data abstraction and information hiding. An

abstract data object, as defined in the previous section, is an object that can be

manipulated using only the operations supplied by the definer of the object. The user

cannot directly manipulate the underlying implementation of an abstract data object.

Details of how an abstract data object is implemented are hidden from the user. Hiding

the details prevents the user from:

" making programs dependent on the representation. The representation of an abstract
data type can be changed without effecting the rest of the program. For example,
the abstract data type set may be initially implemented as an array, but this
representation may be changed to an ordered list later on for storage efficiency.

" accidentally or maliciously violating the integrity of an abstract data type object.
Integrity of abstract data type objects is preserved by forcing the user to manipulate
these objects using only the operations provided by the designer of the abstract data
type.

Examples of abstract data types are stacks, queues, sets, databases and binary trees.

However, a C file is not a true data abstraction facility, because it only partially

supports data abstraction. If you link an independently compiled C module to some other

parts, you can not prevent the user from accessing all functions and even the internal data

structures of other modules.

The other mechanism used to achieve some kind of modularization is the

include mechanism. Arbitrary files can be textually included in a C program by means

of the include instruction. The capability to include files textually in a program allows

common constant, data, type and function declarations and definitions to be kept in

25



separate files. These common declarations and definitions can then be used in all parts

of the program. Keeping common declarations and definitions in separate files and then

including them in C programs is a popular style used for writing C programs. A common

example is the standard input/output declaration file stdio.h.

As mentioned before, although the C language does not support modularization we

can achieve the following advantages by dividing the existing program code into separate

parts:

* Programs modules can be developed independently.

" Changes to the program can be done by only changing single modules.

" Clarity of design and structure.

* Program code is easier to understand.

" Maintainability.

* Reusability of modules.

• Uniformity.

C MODULARIZATION OF MDBMS

As mentioned in the previous section, the C language was chosen to implement the

MDBMS prototype. When we started to implement the complex query processing, the

program code was mainly in one file. Considering the size of the program and that

multiple students are working on three different parts of the project, namely complex

query processing, graphical user interface, modify and delete, we decided to modularize

the MDBMS prototype.
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Before starting the modularization, the module hierarchy of the MDBMS program

code was as shown in Figure 3.3. First of all we divided the existing program code in

separate files corresponding to their purpose. Then we divided each part again until we

obtained the final module hierarchy (Figure 3.4).

Figure 3.3 Module Hierarchy of MDBMS at the beginning

The MDBMS module hierarchy now consists of 6 levels. In Figure 3.4, each box

represents a module. For instance, the module 'MDBMS' which is the main program calls

the modules 'Catalog Management', 'Create', 'Insert', 'Modify', 'Delete', 'Retrieve' and

'Connect'. In the diagram the straight lines show the dependencies between modules.

Although the module 'MDBMS'which is at the first level of the hierarchy calls the

module 'Retrieve' which is at the third level of the hierarchy, the dependency is not

shown on the diagram in order not to further complicate the module hierarchy diagram.
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Figure 3.4 Modulde Hiarchy of MDBMS

28



There is, however, still much to do on modularization. Considering the time we

needed to complete our part (i.e., complex query processing) we stopped working on

modularization at this point.

To make the dependencies between the different parts of the MDBMS program

visible, we have added import and export interfaces in the documentation header of each

module (Figure 3.5).

In the export interface of each module, functions that can be used by other modules

are placed. The export interface therefore summarizes the functionality provided by a

module. For example, the function print alltableO taking place in the export interface

of 'Insert' Module can be called by the 'Retrieve' Module.

In the import interface of each module, functions that are called from other modules

are mentioned. For instance, the function get-sound-yalueO taking place in the import

interface of 'Insert' Module, is called from the 'User Interface' Module.

In addition to our work on modularization, we also used some helpful tools

provided by the UNIX system, namely sccs, lint, make, and dbx. Sccs is a version

manager which allows us to have more than version of a file. If you want to try another

way to implement a module, you can work on it that while you still keep the older

versions. You can always go back and work on any older version you want. The first

thing in order to use sccs is to make a directory and call it SCCS. To create the first

version of any file type "sccs create <filename>" at shell prompt. If you want to keep a

version and also try something on the same version type "sccs delget <filename>". At this

point you would have no writable copy of the file. To see how many versions of a file
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Tide : InsertModule.c
Author : Su Cheng Pei
Dafe : November 15, 1990
Histy
Description This module implements the insertion process

in the Multimedia Database System.

Export Interface
print.alLtable() :Prints out the table catalog information on the

screen.
insert-tuple0 :Inserts a tuple of a particular relation.
display-tupleo :Displays the tuple before insertion.
check_media_descriptiono:Checks the media description by connecting

to the parser.
ql-insertjuple0 :Translates SQL statement to insert a standard tuple.

J t Interface:
get_sound value() :Gets a sound value of a media attribute from the

user input.
clr.scr0 :Clears the screen.
yes_noanswer0 :Gets yes or no answer from the user.

from Useznterface.c
check_table_nameo:Checks if the table name is duplicate.
geLmedia nameo :Gets media table name by appending tablekey at

the end of an_name.
from CQeateModule.c

Figure 3.5 Export / Import Interface of a Module

you have, type "sccs prs <filename>". To select a version and have a writable copy of a

file, type "sccs edit -r<version number> <filename>" (for instance if we want to edit

version number 1.1.12.4 of the file RetrieveModule.c, we should type "sccs edit -rl. 1.12.3

RetrieveModule.c"). To see which versions of all files are currently being edited, type

"sccs info" only. These are the main commands for using sccs.
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The second tool we used was lint. During the compilation of C programs lint helps

to find:

* unused arguments,

• unused variables,

* variables which are set but not used,

" inconsistently used function calls,

* always ignored function returns....

We put the lint command in the Makefile so during compilation lint is invoked

automatically by the Makefile. See Chapter V.C of this thesis to see how lint is used in

the Makefile.

The third utility program we used was 'make' which is a command generator. Refer

to V.C of this thesis to get detailed information about 'make' and its use.

The last tool we used was dbx. Dbx is a source-level debugger. It helps find run

time errors during execution of a program. To run dbx, type "dbx <executable file

name>". To run the program, type "run". To trace in a function, type "trace in <function

name>.

31



IV. DESIGN OF COMPLEX QUERY PROCESSING

In Chapter II of this thesis the general architecture of the MDBMS prototype is

described in detail. Basically, it was an attempt to broaden the database handling

capability by providing the integrated support of both formatted and media data. The

design of complex query processing is done based on the architecture presented. However,

several resource constraints in INGRES, the IBM compatible PC and the SUN

workstation were found when studies started on the MDBMS and these restrictions

influenced the design and implementation of the prototype. In this chapter we mention the

system environment and give a sample application. Further, we present the design of

complex query processing in detail.

A. SYSTEM ENVIRONMENT AND SAMPLE APPLICATION

1. System Environment

The MDBMS prototype was built on top of INGRES to support formatted and

multimedia data. INGRES acts as the manager for the data storage. However, INGRES

has a lot of restrictions:

* INGRES does not support ADT, the approach selected to support multimedia data.

" INGRES does not allow its users to get the catalog information readily.

* Although INGRES supports embedded SQL in host C language, it does not provide
a set of high level function calls available to the users. For example, the embedded
SQL statements are pre-compiled into INGRES low level code for execution. It
does not allow the relation name and attribute name as a program variable in the
high level embedded SQL code.
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* INGRES does not support set operations such as UNION, INTERSECTION and
MINUS (i.e., difference of two tables). UNION and INTERSECTION are of great
importance to be able to design and implement complex queries.

Although more recent versions of INGRES have removed some of these

restrictions, a significant recoding effort would be required for using the new version.

However, some coding effort had to be done, as we will also mention later in this chapter,

to extend the capabilities of the INGRES SQL for supporting the set operations UNION,

INTERSECTION and MINUS.

In the meantime, a similar situation occurs in the SUN workstation. New SUN

workstations now support sound, but it would require a substantial investment to purchase

new hardware and recode the prototype source code. It was decided that instead of these

investments, the PC would be retained to manage sound data and would be incorporated

into MDBMS prototype as a backend server by connecting it to the SUN system via a

local network, i.e., ETHERNET [REF1].

Similarly, to capture images, a video card which works with a camcorder is

installed into another PC. The PC first captures an image in GIF format. This file is then

transferred to the SUN workstation using FTP (File Transfer Protocol) in binary mode.

The image files in GIF format are transformed into RASTER format by software before

they can be used by the MDBMS prototype. A more detailed description of the capturing

process of the images is described in [REF10].

All of these constraints affected the design and implementation of the MDBMS

prototype. Since the prototype construction is not intended to be a production system at
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this time, and because the current system is enough to demonstrate the principles, a

decision was made not to change the structure of the system.

2. Sample Application

Many application areas increasingly require a MDBMS to manage both

formatted and multimedia data. Examples can be found in military, publishing,

entertainment and instructional environments. In this subsection, we present a sample

application which can be considered quite typical in a military environment. The goal is

to give the reader a better understanding in the design and implementation of complex

queries for multimedia processing.

Let us assume that the Chief of the Navy has ordered his staff to keep

information about Navy ships, weapons, officers, missions of the ships and bases of the

ships. Suppose we want to store in the database the names, types, ID's, displacements,

mission id's and base id's of the ships, the years in which the ships are built, the captains

and executive officers of the ships, and finally the pictures of the ships. Let us assume

that we want to know what weapons are on the ships and the weapons' power, fire range

and the weapons' pictures. As for the officers, their names, ranks, ID's, salaries, report

dates as well as their pictures and voices should also be kept in the database. Moreover,

we may want to keep in the database the name, direction, goal and task related to each

mission and also the name, location, and size of each Navy base. As seen from this

example, besides standard data types we also have media types, namely image and sound.

The above information can be transformed into relations in a database as shown in Figure

4.1.
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figure 4.1. Navy Ship Reladonal Database Schemes

The primary keys (underlined) of the relational schemes in Figure 4.1 are

externally defined by the MDBMS user, and the media data types such as image and

sound have also been defined as data types supported by the MDBMS prototype. As

mentioned earlier, INGRES is used to store all the data. The question now is how to store

media data types in INGRES which supports only standard data types? The solution is

to express media data types in terms of standard data types. In the MDBMS prototype,

the data type of each media attribute is defined as INTEGER internally. The content of
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the media type is an integer which link to its own media relation that is not transparent

to the users. These integers are internally generated identifiers for the tuples in the media

relations. For each media attribute, a media relation is generated. This is deemed desirable

since putting media data together, i.e., images from different relations, does not produce

any benefit but actually causes the system to degrade in performance. Hence, "picture"

in the relation OFFICER requires a media relation and picture in WEAPON requires

another. Since attribute names do not have to be unique across relations, we must find

ways to name the two PICTURE relations differently. The solution is to append the

relation's internal identifier to the media attribute names. Let us assume the SHIP's

internal identifier is "1", then the image media relation for the attribute "picture" in SHIP

becomes PICTUREL. In the same way, to each media table is assigned a name resulting

in the media relations' names as shown in Figure 4.2. Note that all the media tables are

invisible to the users.

Given the sample application above, the MDBMS prototype before the design

and implementation of complex queries was able to respond queries as follows:

" Retrieve the picture and voice recording of the captain of the ship "Kitty Hawk"?

* What are the names of the ship weapons whose fire range is greater than 200 miles
and whose pictures show "long range missile against land targets"?

" Which ship is the executive officer Rosemary Stewart stationed at?

" Retrieve the pictures and names of the ships which have the weapon "Trident".
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Figure 4.2. The Media Relational Database Schemes for Media Attributes in

figure 4.1

However, the prototype could not respond the types of queries listed below:

" Retrieve the pictures, voice recordings and names the captains of the ships "Kitty
Hawk" or "Mississippi"?

* List the name of all ships which have the weapon whose picture shows "high speed
guided torpedo" and whose fire range is greater than 1 mile or which was
commanded by Captain "Huseyin Aygun".

* Retrieve the voice recordings and names of the officers whose salary is greater than
30,000 but who are not captain.

Now let us look at how these queries can be handled in the order they are

given:
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* Can be handled using multiple selections.

* Can be handled using a nested query inside multiple selections.

" Can be handled using set operation MINUS.

The detail information about how these queries and other complex queries can

be evaluated will be given in the next section.

B. DESIGN OF COMPLEX QUERY PROCESSING

In this section we will first review the design of simple queries [REF10], then

present the design of complex queries, namely nesting conditions (i.e.,IN, NOT IN,

EXISTS, NOT EXISTS) and multiple selections, along with the design of set operations

(i.e., UNION, INTERSECT, MINUS) and aggregate functions. Finally give an example

for multiple selections including nesting condition. With our approach for the design of

complex queries, it is possible to have nested queries up to arbitrary depth and arbitrarily

many conditions inside each group and arbitrarily many groups for multiple selections.

1. Simple Queries

In tis subsection we review simple queries which have already been designed

and implemented by [REF10]. Further we will point out the differences of simple queries

between our approach and the approach in [REF10].

As mentioned earlier, if a query includes only formatted data, it is directly

passed to INGRES. However, if a query includes media data then the query is

decomposed into multiple subqueries. Each subquery is then individually processed and

the results of these subqueries are recomposed to give the final result to the user. Now
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we can look at two examples - one with only formatted data, the other including media

data in addition to formatted data - to illustrate what we have just said.

1. Query: Which Navy ship is "Rosemary Stewart" stationed at? The SQL

statement for this query can be written as follows:

SELECT sname

FROM ship, officer

WHERE ship.exojid=officer.oid and oname="Rosemary Stewart"

Since this query contains only formatted data, no decomposition is necessary

and it is directly passed to INGRES to get the result.

2. Query: Retrieve the names, pictures and voice recordings of the executive

officers stationed at ships whose displacement is greater than 40,000 and whose picture

shows "gas turbine powered ship"? The extended SQL statement for this query can be

written as follows:

SELECT ojname, picture, voice

FROM officer, ship

WHERE officer.o_id=ship.exo_id and displacement > 40,000 and ship.ictu

(CONTAINS, "gas turbine powered ship");

Since the above query contains media it should be decomposed into subqueries.

The decomposition process is shown below:

Create table T1 as:

SELECT *

FROM ship, officer
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WHERE officer.o_id=ship.exo_id and displacement > 40,000;

Create table M1 as:

SELECT iid

FROM PICTURE1

WHERE PICTURE 1 (CONTAINS, "gas turbine powered ship");

Create table RESULT as :

SELECT oname, picture, voice

FROM TI, M1

WHERE T1.picture=Ml.iid

After the system gets the final result which is an INGRES relation, the system

will generate a cursor called cursoroutput to print out the data one tuple at a time. If the

output contains any media data, as in the above example, the RESULT table shows us the

tuple id's retrieved from the related media relation, in the example above the media

relation is PICTURE1. Later the system displays the media data in the order printed out

for the formatted part. The process of creating and using a cursor is as follows:

EXEC SQL CREATE CURSOR cursor-output AS

SELECT *

FROM RESULT

EXEC SQL FETCH CURSOR cursoroutput;

print formatted data,

EXEC SQL CREATE CURSOR cursor-output AS

SELECT media data
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FROM RESULT

EXEC SQL FETCH CURSOR cursoroutput;

display pictures;

play voice recordings;

What has been discussed about simple queries so far is according to the

approach in [REF10]. We found that it is not convenient to display the media data in the

order printed out for the formatted data. What if the user wants to see only the picture

of the last tuple displayed as the final result? So, we modified the design for the display

process of media part. With this modification, the user of the MDBMS prototype can

select which media data to display. More detailed information about the modification can

be found in the next chapter of this thesis.

Because the design for the process of decomposition, when a query includes

media data, introduced in this subsection is the same for complex queries and se,

operations which will be introduced in the rest of this chapter, we will not repeat the

decomposition process due to the inclusion of media data in a query for the sake of

clarity.

2. Nested Queries

Some queries require that existing values in the database be fetched and used

in a comparison condition. Such queries can be conveniently formulated using nested

queries which are complete SELECT- FROM-WHERE queries within the WHERE clause

of another query which is called the outer query. In this chapter we present the design of
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nested queries including the comparison operators IN, NOT IN, EXISTS, and NOT

EXISTS giving examples for each to clarify the approach.

a. IN:

The comparison operator IN compares a value, say v, with a set (or

multiset) of values V and evaluates to TRUE if v is one of the elements in V. Let us now

give an example to show how a nested query with the comparison operator IN looks like.

Query: Retrieve the names, pictures and voice recordings of all executive

officers stationed at ships whose weapon's picture shows "high speed guided torpedo".

An extended SQL statement for the above query:

SELECT o-name, picture, voice

FROM officer

WHERE oid IN

(SELECT exo_id

FROM ship

WHERE sno IN

(SELECT sno

FROM ship-weapon, weapon

WHERE ship-weapon.w.name=weapon.wname and

weapon.picture(CONTAINS, "high speed guided

torpedo")));

This query is evaluated as follows:

Create table TI as:
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SELECT sno

FROM ship-weapon, weapon

WHERE ship-weapon.w name=weapon.wname and

weapon.picure(CONTAINS, "high speed guided torpedo")));

Create table T2 as:

SELECT exoid

FROM ship, TI

WHERE ship.sno=Tl.sjno

Create table RESULT as:

SELECT o_name, picture, voice

FROM officer, T2

WHERE officer.oid=T2.exo_id

Note that we have neither shown the creation of temporary media tables

nor the display of the final result as we did in the previous section for simple queries. The

idea is to emphasize the design of a nested query with the comparison operator IN. The

same process will be followed for the rest of this chapter.

b. NOT IN:

The comparison operator NOT IN compares a value v with a set (or

multiset) of values V and evaluates to TRUE if v is not one of the elements in V. An

example of a nested query with the comparison operator NOT IN is given below:

Query. Retrieve the names, displacements, and pictures of all ships which

do not have weapons whose picture shows "long range underwater-to-surface missile".
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An extended SQL statement for the above query can be written as

follows:

SELECT s_name, displacement, picture

FROM ship

WHERE s_no NOT IN

(SELECT s-no

FROM ship-.weapon, weapon

WHERE ship-weapon.w name=weapon.wname and

weapon.picture(CONTAINS, "long range underwater-to-surface

missile").

The above query is evaluated as follows:

Create table TI as:

SELECT s_no

FROM ship-weapon, weapon

WHERE ship-weapon.w.name=weapon.wname and

weapon.picture(CONTAINS, "long range underwater-to-surface

missile").

Create table RESULT as:

SELECT s-name, displacement, picture

FROM ship, TI

WHERE (ship.sno=Tl.s no)=FALSE
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In the creation of the RESULT table the statement WHERE

(ship.s,.no=Tl.s._no)=FALSE is used to show that the tuples of the table SHIP are

retrieved into the table RESULT if the join condition evaluates to FALSE. In other words

tuples of the table SHIP are retrieved if they are not a member of the values in table T1.

c. FXSTS:

The comparison operator EXISTS is usually used in conjunction with a

correlated nested query. A correlated nested query is a nested query with a join condition

related to the outer query. Nested queries with the comparison operator EXISTS work as

follows:

For each tuple of the outer query, the nested query is evaluated; if at least

one tuple exists in the result of the nested query then that tuple of the outer query is

retrieved.

Query: Retrieve the names, ranks and pictures of the captains who

commanded the ships whose pictures show "a cruiser firing at the enemy at the Gulf

War".

SQL statement for the above query:

SELECT oname, rank, picture

FROM officer

WHERE EXISTS

(SELECT *

FROM ship

WHERE ship.picture(CONTAINS, "a cruiser firing at the
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enemy at the Gulf War"));

The above query is evaluated as follows:

Create table T1 as follows:

SELECT *

FROM ship

WHERE ship.picture(CONTAINS, "a cruiser firing at the

enemy at the Gulf War"));

Create table RESULT as follows:

SELECT oname, rank, picture

FROM officer, T1

WHERE officer.o_id=Tl.exo_id

d. NOT EXISTS:

The comparison operator NOT EXISTS is also used in conjunction with

a correlated nested query. NOT EXISTS works as follows:

For each tuple of the outer query, the nested query is evaluated; if the

tuple does not exist in the result of the nested query then that tuple of the outer query is

retrieved.

Query. Retrieve the names, ranks and pictures of the executive officers

who are not stationed at destroyers.

SQL statement:

SELECT o_name, rank, picture

FROM officer
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WHERE NOT EXISTS

(SELECT *

FROM ship

WHERE type="destroyer");

The query is evaluated as follows:

Create table TI as:

SELECT *

FROM ship

WHERE type="destroyer'

Create table RESULT as:

SELECT o-name, rank, picture

FROM officer, TI

WHERE (officer.o id=Ti.exojid)=FALSE;

3. Set Operafio

Set operations in SQL are INTERSECTION, UNION, an' MINUS (set

difference). As we mentioned at the beginning of this chapter, our INGRES version does

not support any of these operations. Since set operations are of great importance to us for

implementing complex queries, we extended the capabilities of the SQL by implementing

the set operations in C. Below we present the design of set operations.
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a. UNION:

The union of two tables is a table containing all rows that are either in

the first, or in the second table or in both of them. There is an obvious restriction on this

operation. It does not make sense, for example, to talk about the union of the SHIP and

the OFFICER table. What would rows in this union look like? The two tables must have

the same structure, i.e., they must be union-compatible. Two tables are union-compatible

if they have the same number of columns and if their corresponding columns have

identical data types and lengths. Note that the definition does not state that the column

headings (attribute names) of the two tables must be identical but rather that the columns

must be of the same type; thus if one is integer, the other one must also be an integer.

Our design for UNION is to retrieve all the tuples of the second table and

insert them into the first table. This is considered to be the easiest way to implement the

set operation UNION. Let us give an example to make our design clearer.

Query: Retrieve the names, ranks, pictures and voice recordings of all

the officers who worked as an executive officer or as a captain on the ships whose

pictures show "nuclear submarine with many kinds of guided torpedoes".

Exterded SQL statemnt for this query:

(SELECTo_name, rank, picture, voice

FROM officer, ship

WHERE officer.o_id=ship.exojd and ship.picture(CONTAINS,

"nuclear submarine with many kinds of guided

torpedoes"))
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UNION

(SELECTo name, rank, picture, voice

FROM officer, ship

WHERE officer.o_id=ship.capt-id and ship.picture(CONTAINS,

"nuclear submarine with many kinds of guided

torpedoes"));

The above query is evaluated as follows:

Create table TI as:

SELECT o_.name, rank, picture, voice

FROM officer, ship

WHERE officer.o_id=ship.exo~jd and ship.picture(CONTAINS,

"nuclear submarine with many kinds of guided

torpedoes");

Create table 12 as:

SELECT o_name, rank, picture, voice

FROM officer, ship

WHERE officer.oid=ship.captid and ship.picture(CONTAINS,

"nuclear submarine with many kinds of guided

torpedoes");

EXEC SOL CREATE CURSOR cursor outputl AS:

SELECT *

FROM TI
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EXEC SQL CREATE CURSOR cursor output2 AS:

SELECT *

FROM T2

INSERT INTO table T1

VALUES (EXEC SQL FETCH CURSOR cursoroutput2);

b. INTERSECTION:

The intersection of two tables is a table containing all rows that are in

both tables. We should keep in mind that the issue of union-compatibility is also valid

for intersection.

Our design for the intersection of two tables dictates that the two tables

should be joined with all the column headings (attributes). This approach gives the same

result as the approach in which each tuple of the first table is checked against all the

tuples of the second table. Let us illustrate our approach with an example.

Query: Retrieve the names, power and pictures of all weapons whose

pictures show "high speed close range defense weapon" along with the ones located on

board the ship "Elliott".

Exnded SQL statmmt for the above query can be written as follows:

(SELEC_name, power, picture

FROM weapon

WHERE weapon.picture(CONTAINS, "high speed close range

defense weapon"))

INTERSECT
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(SELECTw_name, power, picture

FROM ship, ship-.weapon, weapon

WHERE ship.s.no--ship-weapon.sno and

ship _weapon.wname=weapon.w-name);

The above query is evaluated as follows:

Create table TI as:

SELECr w-name, power, picture

FROM weapon

WHERE weapon.picture(CONTAINS, "high speed close range

defense weapon");

Create table T2 as:

SELECr w-name, power, picture

FROM ship, shipweapon, weapon

WHERE ship.s no=ship.weapon.sno and

ship-.weapon.wname--weapon.wjname;

Create table RESULT as:

SELECT w_name, power, picture

FROM TI, T2

WHERE Tl.w_name=T2.wname and Tl.power=T2.power and

Ti.picture=T2.pictue
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c. MINUS:

The difference of two tables TI and T2 (referred to as TI MINUS T2)

is the set of all rows that are in TI but not in T2. Our design for the difference of two

tables indicates that all the rows from the first table should be retrieved if the result of

joining the two tables with all their attributes evaluates to FALSE.

Let us clarify this approach with an example:

Query: Retrieve the names, ranks, and pictures of all the officers whose

picture show "tall person" but not the ones whose pictures show "blond hair".

Extended SQL statement for this query can be written as follows:

(SELECT oname, rank, picture

FROM officer

WHERE officer.picture(CONTAINS, "tall person"))

MINUS

(SELECT oname, rank, picture

FROM officer

WHERE officer.picture(CONTAINS, "blond hair"))

This query can be evaluated as follows:

Create TI as:

SELECT o_name, rank, picture

FROM officer

WHERE officer.picture(CONTAINS, "tall person");

Create T2 as:
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SELECT oname, rank, picture

FROM officer

WHERE officer.picture(CONTAINS, "blond hair");

Create RESULT as:

SELECT o_name, rank, picture

FROM TI, T2

WHERE (Tl.o_name=T2.o_name and Tl.rank=T2.rank and

Tl.picture=T2.picture)--FALSE

The clause 'VHERE (Tl.oname=T2.o_name and Tl.rank = T2.rank and

Tl.picture=T2.picture)=FALSE" means the tuples from TI are retrieved if the join

conditions evaluate to FALSE, in other words if those tuples are not in T2.

4. Aggregate Funtions

Since aggregation is required in many database applications, we decided to

implement the aggregate functions in addition to the complex queries mentioned in this

chapter.

Aggregate functions like COUNT, SUM, MAX, MIN and AVG are built-in

functions in INGRES SQL. In this subsection we present the design of the aggregate

functions for our MDBMS prototype system.

. COUNT

The built-in function COUNT returns the number of tuples found for a

specified condition. Let us give an example to clarify how COUNT works:
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Query: How many executive officers are there in the fleet, whose pictures

show "tall person with black hair"?

Tie etended SQL statement for the above query:

SELECT COUNT(o.name)

FROM officer

WHERE officer.picture (CONTAINS, "tall person with black hair");

The above query is evaluated as follows:

Create table RESULT as:

SELECT COUNT(ojname)

FROM officer

WHERE officer.picture (CONTAINS, "tall person with black hair");

Let us assume that there are 3 tuples in the table TI, that match the

query. Then the aggregate functions COUNT returns 3 in the table RESULT.

b. SUM, MAX, MIN, AVG

The aggregate functions SUM, MAX, MIN and AVG are applied to a set

or multiset of numeric values and return the sum, maximum, minimum and average of

those values. Let us clarify this with an example:

Query: What is the sum, maximum, minimum and average salary of the

officers?

An extended SQL statement for the above query can be written as

follows

SELECT SUM(salary), MAX(salary), MIN(salary), AVG(salary)
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FROM officer,

The above query is evaluated as follows:

Create table RESULT as:

SELECT SUM(salary), MAX(salary), MIN(salary), AVG(salary)

FROM officer,

5. Multiple Selections

As we mentioned in Chapter II Section E of this thesis, multiple selections can

be represented in disjunctive normal form by using the Boolean operator and inside each

group, and Boolean operator or between groups. With our approach for the design of

multiple selections it is possible to have arbitrarily many conditions inside each group and

arbitrarily many groups in a query. The design is as follows:

The result of each condition inside a group is retrieved into a temporary table.

For each group, these temporary tables are intersected using the set operator

INTERSECT; the result of the intersection is put into another temporary table. Later the

temporary tables including the results of each group are unioned using the set operator

UNION and the result of this operation is put into the table RESULT, which is the final

result of the whole query.

Let us elucidate this with an example which includes multiple selections

without any nesting condition. An example with nesting condition will be presented in the

next subsection.

Query: Retrieve the names, types and pictures of all ships built after 1975 and

whose pictures show "nuclear submarine with many missiles" or those whose
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displacement is less than 100,000 and whose pictures show "destroyer with many kinds

of guided missiles on board".

SQL statement for the above query is as follows:

SELECT sjname, type, picture

FROM ship

WHERE (yr-built > 1975 and ship.picture(CONTAINS, "nuclear

submarine with many missiles")) or (displacement - 100,000

and ship.picture(CONTAINS, "destroyer with many kinds of

guided missiles on board"));

The query above can be evaluated as follows:

Create table TI as:

SELECT sname, type, picture

FROM ship

WHERE yr.built > 1975

Create table T2 as:

SELECT sname, type, picture

FROM ship

WHERE ship.picture(CONTAINS, "nuclear submarine with many

missiles");

Create table RI as:

TI INTERSECT T2;

Create table T3 as:
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SELECT s_name, type, picture

FROM ship

WHERE displacement < 100,000

Create table T4 as:

SELECT s_name, type, picture

FROM ship

WHERE ship.picture(CONTAINS, "destroyer with many kinds

of guided missiles on board")),

Create table R2 as:

T3 INTERSECT T4;

Create table RESULT as:

R I UNION R2;

6. Complex Queries

So far we presented the design of simple queries, nested queries, set operations

and multiple selections. Now we are ready to give an example of a complex query

including most of the types of these queries.

Query: List the names and displacements of all ships whose weapons' pictures

show "antiaircraft missile" and whose pictures show "modern air defense cruiser, high

speed gas turbine powered ship with many engines" or whose captain's rank is

commander and whose executive officers' salary is greater than $35,000.

SQL statment for the above query is:

SELECT s_name, displacement
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FROM ship

WHERE (s._no IN

(SELECT sno

FROM shipweapon, weapon

WHERE ship-weapon.w name=weapon.wname

and weapon.picture(CONTAINS, "anti-aircraft missile"))

and ship.picture(CONTAINS, "modem air defense cruiser")) or

((EXISTS (SELECT o_id

FROM officer

WHERE o_id="capt")

and (exoid IN (SELECT o_id

FROM officer

WHERE salary > 35,000))))

The above query can be evaluated as follows:

Create table TI as:

SELECT sno

FROM shipweapon, weapon

WHERE ship.weapon.w name=weapon.wname and weapon.picture

(CONTAINS, "anti-aircraft missile");

Create table "2 as:

SELECT oid

FROM officer
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WHERE o_id="capt"

Create table T3 as:

SELECT oid

FROM officer

WHERE salary > 35,000

Create table T4 as:

SELECT s_name, displacement

FROM ship

WHERE s_no IN TI

Create table T5 as:

SELECT s_name, displacement

FROM ship

WHERE ship.picture(CONTAINS, "modem air defense cruiser");

Create table RI as:

T4 INTERSECT T5

Create table T6 as:

SELECT sname, displacement

FROM ship

WHERE EXISTS T2

Create table 77 as:

SELECT sname, displacement

FROM ship
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WHERE exo_id IN T3

Create table R2 as:

T6 INTERSECT T7

Create table RESULT as:

RI UNION R2

Refer to Appendix A of this thesis for a comprehensive example of complex

queries.
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V. IMPIMENTATION OF COMPhLEX QUERIES

In this chapter, we will first present the user interface for all types of queries

supported by the MDBMS prototype, then give the query processing for each type of

query in detail and, finally, we will mention the necessary procedures for linking and

running the system.

A. USER INIERFACE

In section IV.B., we discussed the design of complex queries using the SQL

language. A decision was made to use an interactive interface instead of using an

extended version of SQL as the user interface. The idea behind this is to let the casual

users use the system more easily. In this section, we present the interface design for the

retrieval operations implemented so far by giving examples, rather than describing the

user interface in an abstract manner.

1. Simple ries

According to our classification, a simple query is a query involving one or

more conditions in the WHERE clause of an SQL statement with the Boolean operator

and between conditions. Further, none of these conditions include a nesting condition. Let

us clarify what we have just said with an example:

Query: Retrieve the name, rank, salary, picture and voice recording of the

commanding officers who reported for duty before 1989 and who are stationed at ships

whose pictures show "gas turbine powered ship".
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SQL statenmnt for the above query:

SELECT oname, rank, salary, picture, voice

FROM officer, ship

WHERE officer.oj~d=ship.exojid and rep..yr<1989 and

ship.picture(CONTAINS, "gas turbine powered ship");

When the user wants to specify such a query in the MBMS, he will first

select the option 'retrieve' from the main menu. The system then responds with

appropriate instructions step by step. Each time when the user's response is entered, the

system will return to ask for the next piece of information. The following operations are

thus required to complete the simple query above (the scripts in bold type represent the

user's responses).

Multimedia Database Management System

1. Create Table
2. Insert Tuple
3. Retrieve
4. Delete
5. Modfy
6. PrInt out arzent data information(test purpose)
0. Quit

Select your choice :: 3

Your Selection is REIRIEVAL!
Enter table name to bold the temporary renul of the query: timp
Selec the tobe(s) wprate by comma ,>: (<?> for HELP!)
SELECT TABLE(S: ip, offir

Please enter your join condition
(<7> for help!) :dpcaptJdmofficer.oid

Table ship
Select the attribute(s) separated by comma <p : (<?> for HELP!)
(Hit <ESC>for no attribute)
SELECT ATIRIUTES) : <ESC>
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Table officer
Select the attribute(s) separated by comma <,> : (<7> for HELP!)
(Hit <ESC> for no attribute)
SELECT ATR1nBUTE(S) : ojmme, mk, salary, photo, voice

Any condition ? (y/n): y
Group condition ? (y/U): y

Retrieval Operations Menu

0. Simple Condition
1. tablel where EXISTS table2
2. tablel where NOT EXISTS table2
3. tablel IN table2
4. tablel NOT IN table2

Select your choice :: 0

Enter table name: officer
Enter attribute: epyr
Enter the condition: <1989
Where rep..yr <1989

There are 4 records that match the query
record id I o_nameJeff Kulp rank:Capt salary:10000 photo id is 1 voice id is 1
record id 2 oname'Dan Hendricks rank:Cdr salazy:8500 photo id is 2 voice 2
record Id 3 ojme:Yavuz Atila rank:Cdr salary:7500 photo id is 3 voice 3
record id 4 oiname'John Daley nmk:Cdr salary:9000 photo id is 4 voice 4

Do you want to see any image data 7 (y/n): n

End group 7 :n

Retrieval Operations Menu

0. Simple Condition
1. tablel where EXISTS table2
2. tablel where NOT EXISTS table2
3. tablel IN table2
4. table I NOT IN table2

Select your choice :: 0

Your Selection is Simple Condition
Enter table name: sip
Enter attribute: picture
Please enter your query description
" noun phrases separate by commas and end with an exclamation mark
• sentence end with a period.

(end whole description with an empty line):
gas u e i Ppower6
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Searching .....
Below is the result of the first 2 conditions in group 1:
Thee are 2 records that match the query
record id 1 o name:Yavuz Atila rank:Cdr salary:7500 photo id is 3 voice 3
record id 2 o_name'obhn Daley rank:Cdr salary:9000 photo id is 4 voice 4

Do you want to see any image data ? (y/n):n
End group ?:y

Below is the result of group I
record id I o_name:Yavuz Atila rank:Cdr salmy:7500 photo id is 3 voice 3
record id 2 o_nameJohn Daley rank:Cdr salary:9000 photo id is 4 voice 4

Do you want to see any image data ? (y/n):n
End condition ?:y

Below is the final result of all groups.
record id 1 o_name:Yavuz Atila rank:Cdr salary:7500 photo id is 3 voice 3
record id 2 o_mmeJohn Daley rank:Cdr salary:9000 photo id is 4 voice 4

Do you want to see any image data ? (y/n):y
Which tuple's image do you want to see? (enter record id) : 1

Record no I filename :tmp.mnt/n/virgo/wotr/mdbms/MDBMS/91163.173948 Show image
The following photo has been found:
Number: I
Description:
>>black hairbig nose,thin body, tall person with glassesl

Do you want to see the photo?: y

*** The photo is displayed on the screw

Do you want to see more image data ? (Y/N): n

Which tuple's sound do you want to bear? (enter record id): 2
Sound management
Record no 2
Play the sound ? (y/n): y

* Sound is play-backed *

Do you want to bear more sound data ? (Y/N): a

If you want to intersect / union / minus any two tables:

1. INTERSECT two tables
2. UNION two tables
3. MINUS
0. Quit
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Select your choice :: 0

More selections at thds level ? (y/n): n
More levels ? (y/n): n

Note that after the tuples that match the query are retrieved, the user is asked

which tuple's picture he wants to see and which tuple's voice he wants to hear. This is

very convenient. In [REF10], the media data was displayed tuple by tuple without asking

the user for his choice which was inconvenient for the user of the MDBMS prototype.

Another difference between our interface design and [REF10] is the addition

of the 'Retrieval Operations Menu'. This menu is required to ask the user if his condition

is a simple one or a nesting condition.

2. Queries Using Nesting Condition

As we mentioned in V.2, a nested query is a complete SELECT-FROM-

WHERE query within the WHERE clause of a another query which is called the outer

query. In this subsection, we present the implementation of nested queries using the

nesting operators IN, NOT IN, EXISTS and NOT EXISTS.

a. IN

When the user wants to specify a nested query with the nesting operator

IN, he should enter the inner query, put the result in a temporary table and then he should

enter the outer query. Let us give an example to clarify this:

Query: Retrieve the names, types and pictures of the ships whose

weapon's picture shows "high speed guided torpedo".

An exmd SQL statment for the above query:
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SELECT sname, type, picture

FROM ship, ship-.weapon

WHERE ship.sjno=shipweapon.sno

and w_name IN

(SELECT wname

FROM weapon

WHERE weapon.picture (CONTAINS, "high speed guided

torpedo"));

In order to avoid repetition, we will not give all the steps the user has to

follow to complete the above query, instead we will explain them.

The above query consists of the inner query (the SELECT-FROM-

WHERE query in the parenthesis) and the outer query. The user will first enter the inner

query in the same way as the example of simple queries given in section V.A.l. So far,

we assume that we have the result of the inner query in the temporary table "tempi". We

can, now, present the rest of the steps that the user has to follow to get the final result

of the whole query:

More selectiom at this level? (y/n): n
Mote levels? (yia): y
Enter table name to hold the temporary result of the query: resut

Select the table(s) separate by comma <,>: (<?> for HIUPI)
SELECT TABLE(S): ship, ship-weqion

Please enter your join condition
(<?> for help!) : shipsjnop...wespo.no

Table shp
Select the attribute(s) separated by comma <,> : (<?> for HELP!)
SELECT ATIRIBUTE(S)
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(Hit <ESC> for no attribute)
: s_mame type, picture

Table ship-weapon
Select the attribute(s) separated by comma <,> (<1> for HELPI)
SELECT ATrRBUTE(S)
(Hit <ESC> for no attribute)
:<ESC>

Any condition ? (y/n): y

Group condition ? (yln): n

Retrieval Operations Menu

0. Simple Condition
1. tablel where EXISTS table2
2. tablet where NOT EXISTS table2
3. table l IN table2
4. tablel NOT IN table2

Select your choice :: 3
Your Selection is tablet IN table2

Enter the temp table name related to IN : tempi
Enter attribute for the appropriate table for condition of IN : wnuame

Table *0 tempi **
SELECT ATIRIBUTE (only one atubute!): wmm

There Is I record that match the query
record id I s-name : Michigan yr-built : 1982 picture id is 5

Do you want to see any image data ? (yj/n): n
Do you want to see more image data ? (Y/N): n

If you want to intersect / nion /mninus any two tables:

1. INTERSECT two tables
2. UNION two tables
3. MINUS
0. Quit

Select your choice :: 0
More selectiom at this level ? (y/n): n
Move levels ? (y/ft): n
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b. NOTIN

Let us present the user interface of a nested query including the

comparison operator NOT IN by giving an example query first.

Quey: Retrieve the name, rank, pictures and voice recording of the

commanding officers who are not stationed at ships whose picture shows "gas turbine

powered ship".

An extended SQL statemt for the above query using the

permaor NOT IN can be writte as follows:

SELECT oname, rank, photo, voice

FROM officer

WHERE oid NOT IN

(SELECT captjd

FROM ship

WHERE ship.picture (CONTAINS, "gas turbine powered ship");

As we did for nested queries using the comparison operator IN, we will

not repeat all the steps to be followed by the user for specifying the nested query above

either, but just point out the differences in the user interface.

We suppose that we have the result of the inner query in the temporary

table "templ". The rest of the user interface to get the result of the above query is as

follows:

More selections a this level ? (y/n): a
Mote levels ? (y/n): y
Eater table nm to hold the temporary result of the query: result
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Select the table(s) separate by comma <,> : (<7> for HELPI)
SELECT TABLE(S): officer

Table officer
Select the attribute(s) separated by comma <,> : (<7> for HELP!)
SELECT ATTRIBUTE(S)
(Hit <ESC> for no attribute)
: oje, rank, photo, voice

Any condition 7 (y/n): y
Group condition 7 (y/n): n

Retrieval Operations Menu

0. Simple Condition
1. tablel where EXISTS table2
2. tablel where NOT EXISTS table2
3. tablel IN table2
4. tablel NOT IN table2

Select your choice :: 4
Your Selection is tablel NOT IN table2

Enter the temp table nme related to NOT IN : eImltl
Enter attribute for table officer for condition of NOT IN : oid

Table 0* resultl **
SELECT ArTRIBUTE (only oe attributet) : captid

There are 3 records that match the query
record id I o oame: Dan Hendricks rank: Cdr photo id is 2 voice 2
ecordld2 ojume: FiudPong rank: LtCdr photoidis9 voice9

record id 3 o-mame: Huseyin Aygun rank : Lt Cdr photo Id is 8 voice 8

Do you wat to see/hear any media data ? (y/n): n
More selections at this level ? (y/n): n
More levels ? (y/n): n

c. EXISTS

The comparison operator EXISTS is usually used in conjunction with a

correlated nested query. A correlated nested query is a nested query with a join condition

related to the outer query. Considering this as a general rule, we ask the user to enter a
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join condition between the inner query and the outer query. Nested queries with the

comparison operator EXISTS work as follows:

For each tuple of the outer query, the nested query is evaluated; if at least

one tuple exists in the result of the nested query then that tuple of the outer query is

retrieved.

Let us give an example for a nested query with the nesting operator

EXISTS:

Query: Retrieve the name, type and picture of the ships whose weapon's

picture shows "longrange missile against land targets".

The exteded SQL statement for the above query:

SELECT sname, type, picture

FROM ship, ship_weapon

WHERE ship.s-no=shipweapon.s-no

and w_name EXISTS

(SELECT wname

FROM weapon

WHERE weapon.picture (CONTAINS, "long-range missile agam

land targets"));

The user interface portion, after the result of the inner query is put in the

temporary table "tablel", is as follows:

More selectiom at this level 7 (y/n): n
More levels 7 (y/n): y
Enter table name to bold the temporary result of the query: resdt
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Select the table(s) separate by comma <,>: (<7> for HELPI)
SELECT TABLE(S): ship, shipweapon

Please enter your join condition
(<7> for helpl) : bipL..no lpweapon.s..no

Table ship
Select the attribute(s) separated by comma <,> (<> for HELP!)
SELECT ATTRMUTE(S)
(Hit <ESC> for no attribute)
:shame, type, picture

Table ship.weapon
Select the attribute(s) separated by comma <,> (<?> for HELPI)
SELECT AT IBUTE(S)
(Hit <ESC> for no attribute)

Any condition ? (y/n): y

Group condition 7 (y/n): n

Retrieval Operatiom Menu

0. Simple Condition
1. tablel where EXISTS table2
2. tablet where NOT EXISTS table2
3. tablel IN table2
4. tablet NOT IN table2

Select your choice :: I
Your Selection is tablet whe EXISTS table2

Enter the temp table noe related to EXISTS : esultl

Please enter your join condition
between the appropriate table and ** templ ** :dpve wj.ueaweqownne

There ae 2 records that match the query
record id I sname: Kitty Hawk type : carrier picture id is I
record id 2 sname: Mississippi type : cruiser picture id is 2
Do you want to see/hear any media data ? (y/n): n

d. NOT EXISTS

The comparison operator NOT EXISTS is also used in conjunction with

a correlated nested query. NOT EXISTS works as follows:
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For each tuple of the outer query, the nested query is evaluated; if the

tuple does not exist in the result of the nested query then that tuple of the outer query is

retrieved.

As we did for EXISTS, we again ask the user a join condition between

the inner query and the outer query.

Query: Retrieve the name and rank of executive officers who did not

attend Gulf War and show their photographs.

The extended SQL statement for the above query:

SELECT o-name, rank, photo

FROM officer

WHERE NOT EXISTS

(SELECT *

FROM ship, mission

WHERE ship.nLidnission.mid

and missionrm name="Gulf War");

Suppose that the user has already put the result of the inner query in the

temporary table "templ". The rest of the steps to be followed are given below:

More selections at this level 7 (y/n): n
More levels 7 (yin): y
Enter table name to hold the temporary result of the query: result

Select te table(s) separate by comma <,> (<7> for HELP!)
SELECT TABLE(S): officer
Table officer

Select the attribute(s) separated by comma <,> : (<7> for HELP)
SELECT ATTRIBUTE(S)
(Hit <ESC> for no attribute)
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oiame, rank, photo

Any condition ? (y/n): y
Group condition 7 (y/n): n

Retrieval Operations Menu

0. Simple Condition
1. tablel where EXISTS table2
2. tablel where NOT EXISTS table2
3. tablel IN table2
4. tablel NOT IN table2

Select your choice :: 2
Your Selection is tablel where NOT EXISTS table2

Enter the temp table name related to NOT EXISTS : tempi

Please enter your join condition
between the appropriate table and ** tempi * offcer.oJd=ship.exoid

There am 2 records that match the query
record id I oname: Huseyin Aygun rank: Lt photo id is I
record id 2 oname: Yavuz Atila rank: Lt Cdr photo id is 3

Do you want to see any image data 7 (y/n): n

Refer to Appendix A of this thesis for a complex query including nested

queries and multiple selections.

3. Set Opme iom

In this subsection we present the user interface for the set operations

INTERSECTION, UNION and MINUS. As we did for nested queries we will only point

out the differences in the user interface, instead of repeating all the steps to be followed

by the user.
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a. UNION

Query: List the names, ranks, pictures and voice recordings of all the

officers who worked as an executive officer or as a captain on the ships whose pictures

show "nuclear submarine with many kinds of guided torpedoes".

Extended SQL statement for this query:

(SELECToname, rank, picture, voice

FROM officer, ship

WHERE officer.oid--ship.exo__id and ship.picture(CONTAINS,

"nuclear submarine with many kinds of guided

torpedoes"))

UNION

(SELECTo_name, rank, picture, voice

FROM officer, ship

WHERE officer.o_id--ship.captid and ship.picture(CONTAINS,

"nuclear submarine with many kinds of guided

torpedoes"));

The above query consists of two subqueries with the set operator UNION

between them. The user who wants to specify such a query will treat each of the two

subqueries as simple queries, put their results in temporary tables and then use the set

operations menu to get the final result. Now let us assume we have the result of the first

subquery in "tempi" and the result of the second subquery in "teuy2'. The Lnaining

steps to be followed are as follows:
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If you want to intersect / union /minus any two tables:

1. INTERSECT two tables
2. UNION two tables
3. MINUS
0. Quit

Select your choice :: 2
Your selection is UNION

Enter the name of the first temp table: tempi1
Enter the name of the second temp table: temp2
Enter a temp table name to hold the result of the query: result

There are 2 records that match the query
record id I oname: Rosemary Stewart rank : Lt photo id is l voice id is 5
record id 2 o_name: Yavuz Atila rank : Lt Cdr photo id is 3 voice id is 7
Do you want to see/hear any media data 7 (y/n): n

b. INTERSECION

Query: Retrieve the names, power and pictures of all weapons whose

pictures show "high speed close range defense weapon" along with the ones located on

board the ship "Elliott".

Extended SQL staten t for the above query can be written as follows:

(SELECTwname, power, picture

FROM weapon

WHERE weapon.picture(CONTAINS, "high speed close range

defense weapon"))

INTERSECT

(SELECTw_name, power, picture

FROM ship, ship-weapon, weapon

WHERE ship.s-no--ship-weapon.sno and
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ship._weapon.w name=weapon.w_name);

As we did for UNION, let us assume that we have the result of the first

subquery in "tempi" and the result of the second subquery in "temp2". The remaining

steps to be followed are as follows:

If you want to intersect / union minus any two tables:

1. INTERSECT two tables
2. UNION two tables
3. MINUS
0. Quit

Select your choice :: 1
Your selection is INTERSECT
Enter the name of the first temp table: tempi
Enter the name of the second temp table: Memp2
Enter a temp table name to hold the result of the query: result

There is I record that matches the query
record id 1 w_name : Trident power: 100 photo id is 1

Do you want to see any image data ? (y/n): n

c. MINUS

Query: Retrieve the names, ranks, and pictures of all the officers whose

picture show "tall person" but not the ones whose pictures show "blond hair".

Extnded SQL atment for this query cum be wrie as follows:

(SELECT o_name, rank, picture

FROM officer

WHERE officer.picture(CONTAINS, "tall person"))

MINUS

(SELECT o_name, rank, picture

FROM officer
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WHERE officer.picture(CONTAINS, "blond hair"))

Let us suppose that we have the result of the first subquery in "tempi"

and the result of the second subquery in "temp2". The remaining steps to be followed are

as follows:

If you want to intersect I union ninus any two tables:

1. INTERSECT two tables
2. UNION two tables
3. MINUS
0. Quit

Select your choice :: 3
Your selection is MINUS

Enter the name of the first temp table: tempi
Enter the name of the second temp table: temp2
Enter a temp table name to hold the result of the query: result

There are 2 records that match the query
record id I oname: Rosemary Stewart rank : Lt photo id is I
record id 2 o_name: Yavuz Atila rank : Lt Cdr photo id is 3

Do you want to see any image data ? (y/n): n

4. Aggreae Functiam-

As we mentioned in IV.B.4, aggregate functions are built-in functions in

INGRES SQL. These are COUNT, SUM, MAX, MIN and AVG. In this subsection we

will present the user interface of the aggregate functions.

a. COUNT

The built-in function COUNT returns the number of tuples resulting from

a query. Let us give an example to clarify how COUNT works:
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Query: How many executive officers are there in the fleet, whose pictures

show "tall person with black hair"?

The extended SQL statement for the above query:

SELECT COUNT(oname)

FROM officer

WHERE officer.picture (CONTAINS, "tall person with black hair");

When the user wants to specify a query as above he should first select

the Retrieve option from the Main Menu and then follow the following steps to get the

result:

Enter table name to hold the temporary result of the query: temp
Select the table(s) separate by comma <,>: (<?> for HELPI)
SELECT TABLE(S): officer

Table officer
Select the attribute(s) separated by comma <,> : (<?> for HELPI)
(Hit <ESC> for no attribute)
SELECT ATrRIBUTE(S)
: CNT(o-nme)

Any condition ? (y/n) :y
Group condition ? (yhn): n

Retrieval Operatiom Menm

0. Simple Condition
1. tablel where EXISTS table2
2. tablel where NOT EXISTS table2
3. tablel IN table2
4. tablel NOT IN table2

Select your choice :: 0

Enter attribute: picture

Please enter your query description
* noun phrases separate by commas and end with an exclamation mark
* sentence end with a period.

(end whole description with an empty line):
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tal perbo with black hairl

Searching .....

There are 2 records that match the query
record id I COUNT(o-name) - 2
record id 2 COUNT(o_name) = 2

b. SUM, AVG, MAX, MIN

The built-in functions SUM, AVG, MAX and MIN are applied to a set

or multiset of numeric values and returns the sum, average, maximum and minimum of

those values. Let us illustrate this with an example:

Query: Find the sum, average, maximum and minimum of the salaries of

the commanding officers who are stationed at ships whose picture shows "nuclear

submarine with many different kinds of torpedoes".

An extended SQL statement for the above query can be written as

follows:

SELECT SUM(salary), AVG(salary), MAX(salary), MIN(salary)

FROM officer, ship

WHERE ship.capt.id=officer.oJd and ship.picture(CONTAINS, "nuclear

submarine with many different kinds of torpedoes");

When the user wants to specify such a query he should first select the

Retrieve option from the Main Menu and then follow the following steps:

Enter table name to hold the temporary result of the query: temp

Select the table(s) separated by comma <,> (<?> for HELPI)
SELECT TABLE(S): ship, officer

Please enter your join condition
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(<?> for help!) : hip.captid-officer.oL-id

Table ship
Select the attribute(s) separated by comma <,> :(4?> for HELP)
(Hit <ESC> for no attribute)
SELECT ATTRIBUTE(S) :<ESC>

Table officer
Select the attribute(s) separated by comma <,> (<?> for HELP!)
(HMt <ESC> for no attribute)
SELECT ATIRIBUTE(S)
:sunt(salaay), avg(salary), max(salary), min(sailary)

Any condition ? (yin): y

Group condition ? (yin): to

Retrieval Operations Menu

0. Simple Condition
1. tablet1 where EXISTS table2
2. tabletI where NOT EXISTS table2
3. tablet IN table2
4. tabletI NOT IN table2

Select your choice :: 0

Enter table name: ship
Enter attribute: picture

Please ewter your query description
*noun phrases separate by commas and end with an exclamation mark
*sentence end with a period.

(end whole description with an empty line):
modema submarine with many diffeset type of tospedoes!

Searching ..

Result of the query:

SUM(salary)=15000 AVG(salary)-750O MAX(salary)-8000 MIN(salary)-7000

B. QUERY PROCESSING

In Chapter IV, the various cases in which an extended query (i.e., a simple query

or a complex query) must be decomposed into multiple SQL queries are illustrated. We

also presented that this method of decomposition required the generation of temporary

relational tables for further processing.
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Complex query operations actually require a compiler action to compile the user

input into SQL statements for INGRES. In addition to the catalog tables given in [REF8],

other tables are also required to keep the various information for the purpose of complex

query operations. In this section we present the data structures used for implementing

complex queries.

In order to process a given query, the system needs information on the table name,

the attribute names, and the data types of the attributes. The table Selection_Array is

created for this purpose as mentioned in [REF10]. Since aggregation is required for many

database applications, we decided to add the aggregate-type to the Selection_Array, to

hold the type of the built-in aggregate functions in SQL. The built-in aggregate functions

in SQL are, as mentioned in IV.B.4, COUNT, SUM, AVG, MAX, MIN and these are

used in the SELECT-clauses of queries.

The second structure is the Condition_Array table. This structure holds the

conditions for the query and contains the table name, attribute name and the condition for

each selection. This is also presented in [REFOI] in detail.

The third structure used by [REF10] was GroupArray table which holds the index

to the ConditionArray table for each group in the query. We did not use this structure

to implement complex queries, since we decompose a given complex query into multiple

simple queries, put their results in temporary tables and recompose these results to get the

final result.

When the user specifies a nested query, the query is decomposed into multiple

simple queries beginning from the innermost query. The information about the table
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name, attribute names, the data types of the attributesetc... are put into the data structures

mentioned above. After the result is retrieved in a temporary table entered by the user,

the data structures are initialized at the end of the loop controlling the selections at the

same level or at the end of the outer loop controlling the selections at different levels.

When the user specifies a complex query consisting of multiple selections, the query

is again decomposed into multiple simple queries (i.e., a query with one group and

arbitrarily many conditions in this group). Each simple query is evaluated separately and

its result is put into a system generated temporary table. Finally the results of these

simple queries, depending on the Boolean operators or or and between the groups, are

recomposed using the set operations UNION or TESECTION to get the final result.

Four arrays are used to hold the temporary table names and to let the user enter a query

consisting of arbitrarily many groups and arbitrarily many conditions in each group.

As we mentioned in VA.I, INGRES does not support host variables. INGRES

considers the MDBMS program as an application program. Information received from the

user at run time cannot be passed to INGRES via the embedded C SQL statements. To

solve this problem, we had to modify the C code generated by INGRES in the

precompilation process, when SQL statements have already been transferred into C code,

in such a way that variables can be assigned values at run time. The result is then

compiled by the C compiler for execution.
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C. HOW TO LINK AND RUN THE SYSTEM

The system is built on the SUN workstation on the server "Virgo" at cs.nps.navy.mil

under the account /n/virgo/Work/mndbms/MDBMS/db. db is an object code module ready

for execution. The program itself is called dbsc. The program db.sc is first precompiled

by INGRES SQL precompiler to produce db.c. After we get db.c, we have to compile this

program using the C compiler into an object code and link it to the INGRES library,

Suntools library, Sunwindows library, Sunpixrects library and other subprograms shown

in Figure 3.4. The other files needed in the same directory are prologparser,

imageijimagejfacts and diction.add. To make the link process simpler, a Makefile is used

as shown in Figure 5. 1.

MDBMS..PATH = /%/virgo/workhndbms/hMBMS
PLPATH = //virgo/wok/midbs/t1DBMS/PROLOG_.SOURE
OBJMODS=lSfunctions.o ISsubroutine.o rpc...pLcalio picall-xdr.o\

plcaU-lInt.o CatalogMaagement.o SoundModule.d\
Uifrloterface.o CieateModule.o lnsentModule.o Retrievc.o\
ImageModule.o

PLMODS $ (PLPATH)/dict.pI
$(PLPATH)/diction.pl
S(PLPATH)fmterface.pI\
S(FLPATH)/simplc.pl \
S(PLPATH)/MstjniLpl \
$(PLPATH)/read..caM.pl\
S(PLPATH)/vauiable.pl \
$(PLPATH)/genjzWi.pl \
$(PLPA71h)/nber.pl \

* S~(PLPATH/semantimspI
DEFINE =defines.h efrors~h
Global = Global Variables.b
MP M picall.h

FLAGS - -g
SERVER'- ai9
RSH= rsh
LINT = lint
FILES- Makefile\

rpc..pl-serverxc
rpc-pl-callxc
picall h\
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plcalLsvc.c\
plcalt~xdr.c\
picallAnt.c\
IMPORTANT _FILES\
definesl\
errors.b \
ISsubroutin.c\
ISfunctiow.c \
comfcproloL-neu.c\

.c.o:; cc -C S(FLAGS) -o $@ $*.c
Retrieve.o CzeateModule-o ImeriModule.o CatalogManagement.o\
Useflrntrfmce.o SoumdModuie.o ImageModule.o: $(Global)

rpc..pLcaI~o rpc4pLaerver plcali.svc.o picallxdr.o picalLcinto: $(RPC)
Retrieve.o CmateModule.o InsertModule.o CatalogManagemento\
Userlnterface.o SoundModule.o ISfujnctions.o ISsubroutine.o\
ipc..pl-caI.o ipcj,1..urver ImageModule.o: $(DEFINE)

db: db.o $(OBJMODS)
@cho -creating DATABASE ..

cc S(FLAGS) db.o\
$(OBJMODS) \
/ingres/tb/Iibqlib fangres/ib/compatlib\
-launtool -Isunwindow -Ipixrect -Im\
-o0db

db.c. dbsc
eaqic dbsc

picallzdr.sun4. plcal1_xdr.c
S(RSH) $(SERVER) cc -c $(FLAGS)\
-o $(MDBMS..YATH plcaII..xdr_sun4.o \
S(MDDMS.-PATH)/,IcaI..xdr.c

plcal...svc.sun4.o: plcali..svc.c
$(RSH) $(SERVER) cc -c $(FLAGS)\
-o $(MDBMSYPATH)/pcaLsvc..suu4.o \
$(MDBMSPATH)/plcaffsvc.c

rpc..pI..2ever ic.pLserve.c\
plcafl..vc..stn4.o\
picallMxdrsun4.o
comcprolog-neu.c
$(DEFINE)

@ecbo "creating ipc_.,lserver ..2
$(RSH) $(SERVER) cc $(FLAGS) $(MDBMS PAMh/rpc~jIserver.c\
S(MDBMSJ.ATH)/pIcal1_sv..stn4.o \
$DBS..ATH)Icg..xdr-uun4.o \
-o S(MDBMSPATH)/rpc.4,Lserver
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prolog.parser: $(PLMODS) $(PLPATH)/diction.add
@echo "creating prolog..parser ..."
sort $(PLPATH)/diction.body $(PLPATH)/diction.add -o $(PLPATH)/diction
cat $(PLPATH)/diction.head $(PLPATH)/diction > $(PLPATH)/diction.pl
rm $(PLPATH)/diction.qof
$(RSH) $(SERVER) qpc -c $(PLPATH)/diction.pl
$(RSH) $(SERVER) qpc -D $(PLPATH)/interface -o $(PLPATH)/prolog..parser
my $(MDBMSPATH)/prologparser $(MDBMSPATH)/prolog.parser.lastVersion
cp $(PLPATH)/prolog_parser $(MDBMS_.YATH)/prologparser

lnt: *.c
$(LINT) $7
@touch mt

prim: 5(FILES)
@echo "Print the following files:"
@13 $7
@echo "Interrupt with Control c"
@sleep 3
pr S? I print
@touch print

Figure 5.1. Makefile

When the user of the MDBMS prototype wants to compile and link a new

implementation of db, he must just type "make db" at shell prompt. The execution module

will be named db. In the rest of this section we present detailed information about the

Unix utility make.

Make is a command generator. It generates a sequence of commands for execution

by the Unix shell. Make is mostly used to sort out dependency relations among files. For

example, a program must be generated linking object files and libraries, which in turn

must be created from a programming language source files. If we modify one or more

source files, we must re-link the program after recompiling all the sources which are

dependent on the modified files. This process is normally repeated many times during the

course of a project.
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It is this process that "make" greatly simplifies. By recording once and for all the

specific relationships among a set of files, we can thereafter let make automatically

perform all updating tasks. We need only to issu.. the command:

$ make db

Make then carries out those tasks necessitated by the project work since the

previous make command. It achieves this by examining the file system to determine when

the relevant files were last modified. For example, if file A depends on file B, and if file

B was modified after file A, then file A must be "re-made"-compiled, linked, or whatever.

We must define the dependencies between modules or files in a description file.

This file is normally given the name Makefile. A description file consists of many entries.

Each entry consists of a line containing a colon (the dependency line) and one or more

command lines beginning with a tab. To the left of the colon on the dependency line are

one or more targets; to the right of the colon are component files on which the targets

depend. The tab-indented command lines then show how to make the targets out of their

components. For example in Figure 5.1:

db.c: db.sc

esqlc dbsc

means that db.c depends on the file db.sc. db.sc is executed (i.e., the program db.sc is

precompiled by the INGRES SQL precompiler) only if db.sc is modified after the last

time db.c was made.

We can use any legitimate shell commands and filename patternmatching

characters in a description file. For example some of the shell commands and filename
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pattern-matching characters used in the description file in Figure 5.1 are sort, cat, rm, my,

cp and *.c.

In a description file, we can use some macro definitions. A macro definition is a

line containing an equals sign (=) and not preceded by a colon or a tab. Typically, macro

definitions are grouped together at the beginning of the description file. The name to the

left of the equals sign is assigned the string of characters following the equals sign. For

example the line:

MDBMSPATH = /n/virgo/work/mdbms/MDBMS

is a macro definition and subsequent references to

$(MDBMS_PATH)

are interpreted as

/n/virgo/work/mdbms/MDBMS

make also defines several "internal macros" that can simplify the description file.

One of them is $7. $? evaluates to the list of components that are younger (i.e., more

recently modified) than the current target.

$@ evaluates to the current target name - that is, the target being made.

In a description file, we can define suffix rules, which greatly reduces the

complexity of our description files. For example, the suffix rule .c.o in Figure 5.1

describes how to make a .o file from a .c file.

Finally, an important command-line usage of make is:

$make -f Makerose dbrose
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which tells make to use the fie 'Makerose" as a description file to generate the target

"dbrose".
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VI. CONCLUSION AND SUMMARY

Multimedia database management systems manage multimedia data such as image

data and sound data in addition to formatted data. In this thesis, a prototype has been

developed maintaining the standard data and media data to implement complex queries.

This thesis outlined some sample applications in which multimedia data is required

and presented the design and implementation of complex queries (i.e., nesting conditions

and multiple selections) in addition to set operations (UNION, INTERSECTION and

MINUS) and aggregate functions (COUNT, SUM, AVG, MAX, MIN).

Having a nested query means a complete SELECT-FROM-WHERE query is within

the WHERE-clause of another query. Nested queries are evaluated beginning from the

innermost query to the outer queries. The intermediate result at each level is put into a

temporary table and then the query at the next level is evaluated until the final result is

received.

Multiple selections refer to queries with arbitrarily many groups in the query and

arbitrarily many conditions in each group. Each group is evaluated and its result is put

into a temporary table. The results of all groups are recomposed using the set operations

UNION or INTERSECTION to get the final result.

Besides UNION and INTERSECTION, the set operation MINUS is implemented

to let the user evaluate the difference of two tables.
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Finally aggregate functions COUNT, SUM, AVG, MAX, MIN are implemented to

make it possible to find the number of tuples, the sum, average, maximum and minimum

of values for a given query.

An interactive interface was implemented instead of using an extended version of

SQL as the user interface. The idea behind this is to let the casual users use the system

more easily.

At present only sound data and image data are supported as media data types.

However, it is possible to extend the capability of the system to handle other media types

such as video, text, signals in a similar manner.

Future works will concentrate on implementation of a graphical user interface for

the system, the help utility and the transaction processing. For graphical user interface

issue, some research is being done to find the best tool to implement the design done by

[REF9]. After the graphical user interface is implemented, it is considered that a help

utility for the entire system would let users with little background to use the system more

easily.
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APPENDIX A - A COMPREHENSIVE EXAMPLE OF DESIGN AND USER

INTERFACE OF COMPLEX QUERIES

Since it is usually very difficult to express complex queries in words, we will

present an artificial example to show how a complex query with a couple of groups and

a couple of conditions in each group, some being simple conditions some nesting

conditions, is evaluated according to the design we have presented in Chapter IV of this

thesis.

SQL Query:

SELECT ojname, picture, voice

FROM officer

WHERE ( olid IN

(SELECT exo_id

FROM ship

WHERE (EXISTS

(SELECT *

FROM ship-weapon, ship

WHERE ( w-name IN

(SELECT wname

FROM weapon

WHERE fire~jange < 100 and weapon.picture (CONTAINS, "high
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speed guided torpedo"))

and ship.sno = shipweapon.sno

and sno = "SSBN 727"

and s_no IN

(SELECT sno

FROM ship

WHERE yrbuilt > 1975))

or (NOT EXISTS

(SELECT *

FROM ship, shipweapon

WHERE ship.s.no=ship_weapon.sjno and displacement > 15,000)

and w_name IN

(SELECT wname

FROM weapon

WHERE weapon.picture (CONTAINS, "longrange missile

against land targets")))

and ship.picture (CONTAINS, "nuclear submarine with many missiles"))

or (type = "cruiser")

and salary > 6000)

or ( NOT EXISTS

(SELECT *

FROM ship, officer
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WHERE officer.o..id=ship.exo id and ship.picture (CONTAINS, "gas turbine

powered ship")

and yr_built < 1975));

The above query consists of four nesting levels and is evaluated as follows:

Create Table TI as:

SELECT w name

FROM weapon

WHERE fire-range < 100 and weapon.picture (CONTAINS, "high

speed guided torpedo");

Create Table T2 as:

SELECT sno

FROM ship

WHERE yr_built > 1975;

Create Table T3 as:

SELECT *

FROM ship, ship-weapon

WHERE ship-weapon.s no=ship.s_.no and displacement > 15,000;

Create Tpble T4 as:

SELECT wname

FROM weapon

WHERE weapon.picture (CONTAINS, "long-range missile against land

targets");
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Create Table T5 as:

SELECT *

FROM ship..weapon, ship

WHERE ship.s.no=ship weapon.s_no and w-name IN Ti;

Create Table T6 as:

SELECT *

FROM ship weaponship

WHERE ship.sjno=ship...weapon.s_no

and sno="SSBN 727";

Create Table T7 as:

SELECT *

FROM ship-weapon, ship

WHERE ship.s.no=ship weapon.s.no and sno IN T2;

Create Table T8 as:

SELECT *

FROM shipweapon, ship

WHERE ship..weapon.s no=ship.s no and NOT EXISTS T3;

Create Table T9 as:

SELECT *

FROM ship-.weapon, ship

WHERE ship.s.no=ship-weapon.sno and wname IN T4;
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Create Table RI as:

(T5 INTERSECT T6 INTERSECT T7) UNION (T8 INTERSECT T9);

Create Table TIO as:

SELECT exoid

FROM ship

WHERE EXISTS RI;

Create Table TI 1 as:

SELECT exo id

FROM ship

WHERE ship.picture (CONTAINS, "nuclear submarine with many missiles");

Create Table T12 as:

SELECT exo_id

FROM ship

WHERE type="cruiser";

Create Table R2 as:

(TIO INTERSECT TII) UNION T2

Create Table T13 as:

SELECT *

FROM ship, officer

WHERE officer.oid=ship.exo-id

and ship.picture (CONTAINS, "gas turbine powered ship")

and yrbuilt < 1975;
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Create Table T14 as:

SELECT ojname, picture, voice

FROM officer

WHERE oid IN R2;

Create Table T15 as:

SELECT o_name, picture, voice

FROM officer

WHERE salary > 6000);

Create Table Tl6 as:

SELECT ojname, picture, voice

FROM officer

WHERE NOT EXISTS T13;

Create Table RESULT as:

(T14 INTERSECT T15) UNION T16;

The user interface for the SQL query given at the beginning of this Appendix is as

follows:

Multimedia Database Management System

1. Create Table
2. Insert Tuple
3. Retrieve
4. Delete
5. Modify
6. Print out current data information(test purpose)
0. Quit
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Select your choice :: 3

Your Selection is RETRIEVAL!
Enter table name to hold the temporary result of the query: TI
Select the table(s) separate by comma <,> : (<?> for HELP!)
SELECT TABLE(S): weapon

Table weapon
Select the attribute(s) separated by comma <,>: (<?> for HELP!)
(Hit <ESC>for no attribute)
SELECT ATTRIBUTE(S) : w name

Any condition ? (y/n): y
Group condition ? (y/n): y

Retrieval Operations Menu

0. Simple Condition
1. table 1 where EXISTS table2
2. table 1 where NOT EXISTS table2
3. table I IN table2
4. table 1 NOT IN table2

Select your choice :: 0

Enter attribute: fire_hinge
Enter the condition: <100
Where fujerange < 100

There are 3 records that match the query
record id I wname:Vulcan Phalanx
record id 2 wname:Sea Sparrow
record id 3 w_name:Mk48 Torpedo

End group ? :n

Retrieval Operations Menu

0. Simple Condition
I. table l where EXISTS table2
2. table l where NOT EXISTS table2
3. table l IN table2
4. tablel NOT IN table2
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Select your choice :: 0

Your Selection is Simple Condition
Enter attribute: pictm
Please enter your query description
" noun phrases separate by commas and end with an exclamation mark
" sentence end with a period.

(end whole description with an empty line):
high speed guided torpedo!
Searching .....
Below is the result of the first 2 conditions in group 1:
record id 1 wname:Mk48 Torpedo

End group ?:y

Below is the result of group 1:
record id I w_name:Mk48 Torpedo

End condition ?:y

BeloN is the final result of all groups:
record id 1 w_name:Mk48 Torpedo

If you want to intersect / union / minus any two tables:

1. INTERSECT two tables
2. UNION two tables
3. MINUS
0. Quit

Select your choice :: 0

More selections at this level ? (y/n): y

Enter table name to hold the temporary result of the query: '2
Select the table(s) separate by comma <,> : (<?> for HELP!)
SELECT TABLE(S): ship

Table ship
Select the attribute(s) separated by comma <,> : (<?> for HELP!)
(Hit <ESC>for no attribute)
SELECT AlTRIBUTE(S) : s_no
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Any condition ? (y/n): y
Group condition ? (y/n): n

Retrieval Operations Menu

0. Simple Condition
1. table l where EXISTS table2
2. tablel where NOT EXISTS table2
3. tablel IN table2
4. table I NOT IN table2

Select your choice :: 0

Enter attribute: yr ilt
Enter the condition: >1975
Where yrbuilt>1975

There are 2 records that match the query
record id I s_no:DDG967
record id 2 sno:SSBN727

More selections at this level ? (y/n): y

Enter table name to hold the temporary result of the query: r3
Select the table(s) separate by comma <,> : (<I> for HELPI)
SELECT TABLE(S): ship, ship-weapon

Please enter your join condition
(<7> for helpl) : ship.sno=ship wepon.s._no

Table ship
Select the attribute(s) separated by comma <,> : (<7> for HELPI)
(Hit <ESC>for no attribute)
SELECT ATTRIBUTE(S) : sno

Table ship_weapon
Select the attribute(s) separated by comma <,> : (<?> for HELP!)
(Hit <ESC>for no attribute)
SELECT ATTRIBUTE(S) : <ESC>

Any condition ? (y/n): y
Group condition ? (yin): n
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Retrieval Operations Menu

0. Simple Condition
1. table I where EXISTS table2
2. table I where NOT EXISTS table2
3. table 1 IN table2
4. tablel NOT IN table2

Select your choice :: 0

Enter attribute: displacement
Enter the condition: >15,000

There are 2 records that match the query
record id I s_no:CV63
record id 2 s_no:SSBN727

More selections at this level ? (y/n): y

Enter table name to hold the temporary result of the query: T4
Select the table(s) separate by comma <,> : (<?> for HELP!)
SELECT TABLE(S): weapon

Table weapon
Select the attribute(s) separated by comma <,> : (<?> for HELPI)
(Hit <ESC>for no attribute)
SELECT ATIRIBUTE(S) : w_name

Any condition ? (y/n): y
Group condition ? (yn): n

Retrieval Operations Menu

0. Simple Condition
1. tablel where EXISTS table2
2. tablel where NOT EXISTS table2
3. table I IN table2
4. table I NOT IN table2

Select your choice :: 0

Enter attribute: pictue
Please enter your query description
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* noun phrases separate by commas and end with an exclamation mark
* sentence end with a period.

(end whole description with an empty line):
long-range missile against land targets!

Searching .....

There is I record that match the query
record id 1 wno:Tomahawk

More selections at this level 7 (y/n): n
More levels 7 (y/n): y

Enter table name to hold the temporary result of the query: RI

Select the table(s) separate by comma <,> : (<7> for HELP!)
SELECT TABLE(S): ship-weapon, ship

Please enter your join condition
(<7> for help!) : ship.sjno=ship_.weapos_no

Table ship.weapon
Select the attribute(s) separated by comma <,> : (<?> for HELP!)
SELECT ATTRIBUTE(S)
(Hit <ESC> for no attribute)
:sno
Table ship
Select the attribute(s) separated by comma <,>: (<7> for HELPI)
SELECT ATTRIBUTE(S)
(Hit <ESC> for no attribute)

Any condition 7 (y/n): y
Group condition ? (y/n): y

Retrieval Operations Menu

0. Simple Condition
1. table I where EXISTS table2
2. table I where NOT EXISTS table2
3. tablel IN table2
4. table I NOT IN table2
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Select your choice :: 3
Your Selection is table l IN table2

Enter the temp table name related to IN: TI
Enter attribute for table ship weapon for condition of IN w_name

Table ** TI **
SELECT ATTRIBUTE (only one attribute!): wname

There is 1 record that match the query
record id 1 s_no : SSBN727

End group ? :n

Retrieval Operations Menu

0. Simple Condition
1. tablel where EXISTS table2
2. table I where NOT EXISTS table2
3. table 1 IN table2
4. tablel NOT IN table2

Select your choice :: 0

Enter table name:ship-.weapon
Enter attribute: s_no
Enter the condition: ="SSBN727"

Below is the result of the first 2 conditions in group :
There is 1 record that match the query
record id I sno : SSBN727

End group ? :n

Retrieval Operations Menu

0. Simple Condition
1. table l where EXISTS table2
2. table 1 where NOT EXISTS table2
3. table 1 IN table2
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4. table 1 NOT IN table2

Select your choice :: 3
Your Selection is tablel IN table2

Enter the temp table name related to IN : 12
Enter attribute for table ship-.weapon for condition of IN: ano

Table ** T2 **
SELECT ATTRIBUTE (only one attributel): sno

Below is the result of the first 3 conditions in group 1:
record id 1 sno : DDG967
record id 2 sno : SSBN727

End group 7 :y

Below is the result of group 1:
record id I sno : DDG967
record id 2 s.no : SSBN727

End condition ? :n

Retrieval Operations Menu

0. Simple Condition
1. table l where EXISTS table2
2. tablel where NOT EXISTS table2
3. table I IN table2
4. table I NOT IN table2

Select your choice :: 2
Your Selection is tablel where NOT EXISTS table2

Enter the temp table name related to NOT EXISTS : T3

Please enter your join condition
between table ship_weapon and ** T3 ** T3.sno=shipesposno

There are 2 records that match the query
record id 1 sno:DDG967
record id 2 sno:SSBN727
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End group ? (y/n):n

Retrieval Operations Menu

0. Simple Condition
1. tablel where EXISTS table2
2. table 1 where NOT EXISTS table2
3. table l IN table2
4. table 1 NOT IN table2

Select your choice :: 3
Your Selection is tablel. IN table2

Enter the temp table name related to IN : T4
Enter attribute for table ship-weapon for condition of IN: wne

Table ** T4 **
SELECT ATTRIBUTE (only one attributel): w.mme

There is one record that match the query:
record id I s_no : SSBN727

Below is the result of first two conditions in group 2:
record id I s_no : SSBN727

End group ? :y

Below is the result of group 2:
record id I sno : SSBN727

End condition ? (y/n): y

Below is the final result of all groups
record id I s_no : SSBN727

More selections at this level ? (y/n): n
More levels ? (y/n): y

Enter table name to hold the temporary result of the query: R2

Select the table(s) separate by comma <,> : (<7> for HELP!)
SELECT TABLE(S): ship
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Table ship
Select the attribute(s) separated by comma <,>: (<?> for HELP!)
SELECT ATTRIBUTE(S)
(Hit <ESC> for no attribute)
: exo_id

Any condition ? (y/n): y
Group condition ? (y/n): y

Retrieval Operations Menu

0. Simple Condition
1. table 1 where EXISTS table2
2. table l where NOT EXISTS table2
3. tablel IN table2
4. table l NOT IN table2

Select your choice :: 1

Your Selection is table1 where EXISTS table2

Enter the temp table name related to EXISTS : RI

Please enter your join condition
between table ship-weapon and ** RI ** : RIsnoahip.s.no

There are 3 records that match the query
record id I exo_id:201
record id 2 exo_id:203
record id 3 exo_id:204

End group ? (y/n):n

Retrieval Operations Menu

0. Simple Condition
I. tablel where EXISTS table2
2. table I where NOT EXISTS table2
3. table 1 IN table2
4. table I NOT IN table2

Select your choice :: 0
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Your Selection is Simple Condition
Enter attribute: picture
Please enter your query description
* noun phrases separate by commas and end with an exclamation mark
* sentence end with a period.

(end whole description with an empty line):
nuclear submarine with many missiles!

Searching .....

Below is the result of the first 2 conditions in group 1:
record id I exoid:204

End group ? (y/n): y

Below is the result of group 1:

record id I exo_id:204

End condition ? (y/n): n

Retrieval Operations Menu

0. Simple Condition
1. tablet where EXISTS table2
2. table t where NOT EXISTS table2
3. table I IN table2
4. table I NOT IN table2

Select your choice :: 0

Your Selection is Simple Condition
Enter attribute: type
Enter condition : -="cruiser"

There are 2 records that match the query:
record id I exoid:201
record id 2 exoid:202

End group ? (y/n): y

Below is the result of group 2:
record id 1 exoid:201
record id 2 exoid:202
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End condition ? (y/n): y

Below is the final result of all groups:
record id 1 exoid:201
record id 2 exoid:202
record id 3 exoid:204

More selections at this level ? (y/n): y

Enter table name to hold the temporary result of the query: T13

Select the table(s) separate by comma <,> : (<?> for HELP!)
SELECT TABLE(S): ship

Table ship
Select the attribute(s) separated by comma <,>: (<?> for HELPI)
SELECT ATTRIBUTE(S)
(Hit <ESC> for no attribute)
: exoid

Any condition ? (y/n): y
Group condition ? (y/n): y

Retrieval Operations Menu

0. Simple Condition
1. table I where EXISTS table2
2. table 1 where NOT EXISTS table2
3. tablel IN table2
4. tablel NOTT IN table2

Select your choice :: 0

Enter attribute: yr built
Enter the condition: <1975

There is 2 record that match the query
record id I exoid:100
record id 2 exoid:101

End group ? :n

Retrieval Operations Menu
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0. Simple Condition
1. table 1 where EXISTS table2
2. tablel where NOT EXISTS table2
3. table I IN table2
4. tablel NOT IN table2

Select your choice :: 0

Your Selection is Simple Condition
Enter attribute: picture
Please enter your query description
* noun phrases separate by commas and end with an exclamation mark
* sentence end with a period.

(end whole description with an empty line):
gas tuibine powered ship!

Searching .....

There are two records that match the query:
record id I exoid:100
record id 2 exoid:101

End group ? (y/n): y

Below is the result of the first 2 conditions in group 1:
record id 1 exoid:l00
record id 2 exo_id:101

End group 7 (y/n): y

Below is the result of group 1:
record id 1 exojid:100
record id 2 exoid:101

End condition ? (y/n): y

Below is the final result of all groups:
record id 1 exoid:100
record id 2 exoid:101

More selections at this level ? (y/n): n
More levels ? (y/n): y
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Enter table name to hold the temporary result of the query: RESULT

Select the table(s) separate by comma <,> : (<?> for HELP!)
SELECT TABLE(S): officer

Table officer
Select the attribute(s) separated by comma < : (<?> for HELP!)
SELECT ATrRBUTE(S)
(Hit <ESC> for no attribute)
: onaM, picture, voice

Any condition ? (y/n): y
Group condition ? (y/n): y

Retrieval Operations Menu

0. Simple Condition
1. table l where EXISTS table2
2. tablel where NOT EXISTS table2
3. table 1 IN table2
4. table I NOT IN table2

Select your choice :: 3
Your Selection is tablel IN table2

Enter the temp table name related to IN : R2
Enter attribute for table officer for condition of IN: oid

Table ** R2 **
SELECT ATIRIBUTE (only one attributel): exo_id

There is 3 record that match the query
record id 1 o.name:Pongsuwan picture id is 1 voice id is 1
record id 2 oname:R. Stewart picture id is 2 voice id is 2
record id 3 o_name:H. Aygun picture id is 3 voice id is 3

End group ? :n
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Retrieval Operations Menu

0. Simple Condition
1. table l where EXISTS table2
2. table1 where NOT EXISTS table2
3. table l IN table2
4. table 1 NOT IN table2

Select your choke :: 0

Enter attribute: salary
Enter the condition: >6000

There is 1 record that match the query:
record id 1 oname:Pongsuwan picture id is 1 voice id is 1

Below is the result of the first two conditions in group 1:
record id 1 oname:Pongsuwan picture id is 1 voice id is 1

End group ? :y

Below is the result of group 1:
record id 1 oname:Pongsuwan picture id is 1 voice id is 1

End condition ? (y/n): n

Retrieval Operations Menu

0. Simple Condition
1. table l where EXISTS table2
2. table l where NOT EXISTS table2
3. tablel IN table2
4. table I NOT IN table2

Select your choice :: 2
Your Selection is tablel %here NOT EXISTS table2

Enter the temp table name related to NOT EXISTS : T13

Please enter your join condition
between table officer and ** T13 ** • officer.oid=Tl3.exoid

There are 5 records that match the query
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record id 1 oname:Y. Atila picture id is 8 voice id is 8
record id 2 o name:R. Stewart picture id is 2 voice id is 2
record id 3 oname:H. Aygun picture id is 3 voice id is 3
record id 4 oname:S. Pei picture id is 7 voice id is 7
record id 5 o_name:A. Kara picture id is 9 voice id is 9

End group ? (y/n): y

Below is the result of group 2:
record id 1 oname:Y. Atila picture id is 8 voice id is 8
record id 2 oname:R. Stewart picture id is 2 voice id is 2
record id 3 oname:H. Aygun picture id is 3 voice id is 3
record id 4 oname:S. Pei picture id is 7 voice id is 7
record ;,I - o-name:A. Kara picture id is 9 voice id is 9

End condition ? (y/n): y

Below is the final result of all groups:
record id 1 oname:Pongsuwan picture id is 1 voice id is 1
record id 2 oname:R. Stewart picture id is 2 voice id is 2
record id 3 oname:H. Aygun picture id is 3 voice id is 3
record id 4 o_name:S. Pei picture id is 7 voice id is 7
record id 5 oname:Y. Atila picture id is 8 voice id is 8
record id 6 o_name:A. Kara picture id is 9 voice id is 9

Do you want to see any image data ? (y/n):y
Which tuple's image do you want to see? (enter record id) : 5

Record no 5 filename :tmp_mnt/n/virgo/wok/mdbms/MDBMS/91163.173948
Show image ....
The following photo has been found.
Number: 5
Description:
>>black hairbig nose,thin body, tall person with glasses!

Do you want to see the photo?: y

*** The photo is displayed on the screen ***

Do you want to see more image data ? (Y/N): n

Which tuple's sound do you want to hear? (enter record id): 2
Sound management
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Record no 2

Play the sound ? (y/n): y

*** Sound is play-backed *

Do you want to hear more sound data? (YIN): n
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APPENDIX B - PROGRAM CODE OF RETRIEVAL OPERATIONS

Title : Retrieve.c
Author : Aygun/ Stewart
Date : August 1991
History : Improvements on Retrieval operations to include complex

query processing. Also contains the procedures for modify
and deletion operations. An if clause provides the ability
to switch options for retrieval,modify or deletion of data

Description:This module implements the retrieval process in the
Multimedia Database System.

Export Interface:
retrieve(RTRVEMODE):

incorporates the retrieval process. The user is asked to
enter the name of table(s) and attribute(s) he wants to
retrieve. If he does not know the names of the tables or
attributes, he can type "?" to list all the tables and
attributes in the catalog.

retrieve(DELMODE):
incorporates the deletion process. The user is asked to
enter table name and condition for deletion.

retrieve(MODMODE):
incorporates the modification process. The user is asked to
enter table name and condition for modification.

Import Interface:
prinLalltable0 : Prints out the table catalog information on screen

from InsertModule.c

checktablenameo: Checks the tablename if it is duplicate
get.media_name() : Get media table name by appending tablekey at the

end of at_name.
from CreateModule.c

yesnoanswer() : Gets yes or no answer from the user.
clrscr() : Clears the screen.

from Userlnterface.c
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play...sound(ffiename):Sends command from SUN to PC to play the SOUND
media file.
from SoundModulexc

#include <stdio.h>
#include <string.h>
#include <pixrect/pixrec:Lhs.h>
#miclude <sys/wait.h>
#include 'zsuntool/sunview.h>
#include <suntool/canvash>

#include "deflnes.h"
#include "errors.h"
#include "struct.h"
#include "GlobalVariables.h"
#include <rpc/rpch>
#include "plcall.h"
#include "deflnes.h"
#include "errors.h"

char c;
char temp medianme[3];
char join....condition[100];
int look-moie=O; /* use for loop the cursor *
stnact selectatt satt[10];
stnict selecttab stab[10];
atnict group group...count[IOJ;
int opknumconnumgroupjicond;
STR..name tab[ 101;
char *alJCOnitiofl;
char condition[I 00];
/* Selection attribute *
/* Condition attribute *
SIR~namne att[1OJ;
/* Each group of attribute *
it att...group[IOJ;

/* Condition type of each attribute 0 for formatted 1 for image 2 for sound*/
mnt contype[10J;
f* Media attribute for description *
STR~name media~att[l0J;
int number .media;
/* Condition for each attribute *
char con(10j(l00J;
/* Attribute type for each select *
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STRjiame attype[10J;
mnt condgcond,i -cond[ 10],m=Ox=0,y=0,n=0,o=0O;
char buff[lOO],ayes - o -answero;
char tempjable[20];
char temp...table 1 (201;
char temp table2[20];
char teinp..table3[SJ=( 'h','u','s','i','4');
char temip table4[S]=( 'h','u','s','i','5' I;
char temiptable8ISJ=11'',' u','s','o','1' I;
char temp table9[5J=f 'h','u','s','o','2' I;
char temp....able 1015]=f huso,3j
char temp....ablel 1(5J=f'h','u','s','o','4' );
char groupl[3]='gr'1)
char group2[3J=( 'g','r','2' J;
char conditionjfor _nested[ 1001;
char attribute-for-nested[20J;
char join for nested[99J;
int more-selections;
int more-levels;
it aggregatejfound;

char t11f'''.'''''' I
char z1j('''..,a,.'''I
char t3[5J= 1 't,.,a 9,' -',93' I;
char t4[5)= I la,-9')
char wrong-descrp = TRUE;
int act._mediacount;
int act~media list[10J;
it media~counter=-0;
it formatted..jlag;
it image..flag;
it sound-flag;

Procedure initialize the array to empty
Initialize all parameters used in the retrieve to null

void iit()

int ij;
icond=0;
gcond=0;
numgroup=0;
numcon=0;
for (i=0O;i<1O;i++)
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for (j=0;j < 13;j++)
sattWi.t..namelj =-0;
satt[iJ.a..namel1 =-0;
stab[iJ.tjiameU] --0;
att~iJW]-O;
tab[i]U]0;

for (j=0;j<100j++)

This procedure get the table namne, attribute name of that table
and then return the attribute type to the user

getamtype(tat flafl,atLnafl,atypC)
STR~name tab-namne,
STR~name att -name;
STR~name attj-ype;

int ijkfound,count;
found = 0;
for (i=0;i < table..count;i++)

if (strcmp(tablearuray[i.tablejlnaletabjlaflle)O)
j = table-array~iJ.att-.entry;
count = table-..arayWi.at-count;
i = 1000;

for ( k=0Ok < countk++)4
if (strcmp(at _arrayWj.attjlame, att-pnae)==O)

strcpy(att-type,att-.afrayU]Jdata,.-ype);
/* For test only */

printf("%n%s",att~array.atLname);
printf(N\%sVm,atktype);
found = 1;
k = 1000;

j= atLaffayUJ.next index;
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procedure to process the sound condition
put the result in the media tale [number condition] for process later

void processjicon3(query-jhrasenumber)
char query-phrase[DESCRLEN+ 1];
int number;

it id;
char answer, repeat, yes..noLanswer O),conjinumberjmedianum;
int i, query..er, queryjen, in-en, f flagfound;
struct pixrect *pr-;
colonnap_t cm;
char descr[DESCRLEN-I-];
int show..pid, wait..pid;
union wait status;
it imageno;

printf ('\nEntering RETRIEVE
cm.type = RMTNONE;
cmlength = 0;
cm.map[0J = NULL;
cm.map[1] = NULL;
cm.map[2J = NULL;
/* this is absolutely necessary! I!! Otherwise prjoad -colormap might

not allocate storage for the colormap, if the garbage found in
the cm structure seems to make sense. The result, of course, is
segmentation fault. This bug was very hard to find. *

/* # line 193 "p2.sc" */ /* create table *

Ilsqlnit((char *)O);
Ulwritedb( "create ");
temp...media name[0J='p';
medianum--number+48;
temp media~namie[l J-mredianum;
temnp..media-namne[2J=O0;

* printf("\na%s",temp-media.-name);
Uwritedb~tempmedia name);
Iwritedb("(");
Ilwritedb("sid=i4)");
llsqSync(0,(char *)0);

/* # line 194 "p2.sc" */ /*' host code *
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printf('The query description now is:\n >%s<n\n",query.phrase);
prmntf ("Searchqmng .... Na);

f'* exec sql declare cl cursor for
select iLid, PIXRECT (Limage), COLORMAP (Limage),

DESCRIPTION (Limage)
from ernpjmglI
where SHOWS (uimage, query-..phrase);

The statement is deleted by the preprocessor.
However, the output functions and the selection conditions

associated with the cursor ci will be used later.
The following declarations are generated: *

int ISerrorc I;
char ISermccI[ERRLEN+lJ;

char *lfc[EEA EE + 11;
char *ISdescrcl[DESCRLEN + 1);

sqlca.sqlcode = 0;
ISerrmccl[0J = "0';

/exec sql open ci; */
/exec sql whenever not found go to closec 1;

/* translated by preprocessor into: */
if ( ISerrorci = ISshows-..pen("imnage" ,"Unage",ISfncliquely-phraseISenmiccl)

sqlca.sqlcode = ISerrorcl;
if ( sqlcasqlcode = QUERY..WORD-ERR 11

sqlca-sqlcode = QUERY-STRUCI'REERR)
strpy(sqlca.sqlerm.sqlermncISerrmcc 1);

/* end of preprocessor Output for open ci I'
if ( !sqlca.sqcodr)

fJlag = 0;
for (;

/* exec sql fetch ci
into :imageno, :pr, :cm, :descr,

This is translated by the preprocessor into: ~
i f I ISe r ro r c

ISshows-fetch(" image" ,"i.iage" ,Sfnc 1,query-.phraseISerrncc1))
sqlca-sqlcode = ISerrorci;

/4* print(main-sc(ISfnci): %sfn", ISfnc 1); *
if ( sqlca-sqlcode == NOT-FOUND)
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goto closecl;
f-flag = 1;
if ( lsqlca.sqlcode)

I
/*g # line 653 "pl.sc" */ /* select *

strcpy (table...arnay[table,_indeXj]table_naMe, tab~nUMber]);
found = check-table-arneo;
table-cursor = tableentry;
strcpy(media..name,att[number]);
getjnmedia.nameo;
printf("%s",nedia..name);

U~sqlnit(&sqlca);
ll[writedb("retrieve(imnageno=");
Uwritedb(media nam);
llwritedb(".sjdISdescrcl=")
llwritedb(media name);
Uwritedb(".descrp)w");
Ilwritedb("here ");
Ilwritedb(media-nam);
llwntedb(Xf-id=");
Ilsetdom(l ,32,0,lSfhcl);
U[writedbC' ");
IlsqRinit(&sqlca);
if (Uerrtest() = 0)1

if (Ulnextget() I= 0)1
Ilretdomn(l ,30,4,&imageno);
Iilretdon( 1 ,32,0,lSdescrc 1);
1* llnextget */

UsqFlush(&sqlca);
/I IJlerrtest *

/* # line 657 "pl.sc" */ f* host code *
if (!sqlca.sqlcode)
I

ISefrorcl = ISdescription (ISfncl, ISdescrcl, descr);
sqlca.sqcode = ISerrorcl;
I
else

sqlca.sqlcode = PROGRAMERR;

/* end of preprocessor output for fetch cl *
if (sqlca.sqlcode)
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goto closedl;
id = imageno;

/* # line 270 "p2.sc" */ /* insert *

Ilsqlnt((char *)0);
UwritedbC'append to")
Ilwritedb(tempjneclia name);
llwritedbC"(sjd=");
lisetdom( 1,30,4,&id);
Uwritedb(' )");
IlsqSync(3,(char *)(J);

/* # line 272 9p2.sc" */ /* host code *
) /* end for loop of cursor c I1

closedl:
/* exec sql close c I;
/* translated by the preprocessor into: ~

sqlI c a. sqlI c o de =

ISshowsc.lose("image","i-image"ISfli,query-.phrasejSerrmcc 1);
/* # line 693 "pi.sc" */ /*~ host code */

I /*' end of successful open ci; correct query description *
1 /* end of preprocessor declaration block *

if ( sqlca.sqlcode = QUERY-WORI)_ERR)

printf (The system cannot understand the word

>>s<<'a1",sqlca.slern.sqlerrmnc);
query...eff = 1;

I
if ( sqlcasqlcode = QUERY-S.TRUCTURELERR)

printf ("The s y st em cannot interpret th e

phrase\n>n%s<<M"sqlca~q em.qlrnnc);
query..eff = 1;

if ( queryerr)

if (!f~flag)
printft'There are no media matching that query description.'ii");

if ( sqlca.sqlcode )
printfC'An error has occured while accessing the database~n\

sql error code: %cf", sqlca-sqlcode);
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cir ..ScrO;
/* end of retrieve..photo 0*

procedure to process the image condition put the result in the media tale [number
condition] for process later.

void process -con2(query..phrasenumber)
char querypbrase[DESCRLEN+ 1];
int number;

int id;
char answer, repeat, yes-o..answer (),coi numbermedianum;
int i, queiry..er, query-jen, injen, f...flag,found;
struct pixrect *pr;
colormap_t cm;
char descr[DESCRLEN+1J;
int show...pid, wait~pid;
union wait status;
int imageno;
printf (NnEntering RETRIEVE ... W');
cm-type = RMT_ NONEf;
cm.length =0;

cm.map[0J NULL;
cm.map[I] NULL;
cm-map[2J NULL;
/* thi is absolutely necessary!!!! Otherwise pirjoad colotmap might

not allocate storage for the colonnap, if the garbage found in
the cm structure seems to make sense. The result, of course, is
segmentation fault. This bug was very hard to find. *

1* # line 193 "p2.sc" */ f/' create table *

Uwritedb("create ");
temnp~media name[OJ='p';
medianum=number+48;
temp...media-name~l J--medianum;
temp media-name[21=O0;
printf('" i%s",temp -mdia-name);
llwritedb(tempjnmedia name);
fl[writedb("(");
11writedb("i -d-i4)");
UsqSync(O,(char *)0);

123



/* # line 194 "p2.sc" */ /* host code */
printf('The query description now is:NLn>>%s<<'mi\n",query.phrase);

printf ("Searching ..... Nn");
/* exec sql declare cl cursor for

select i_id, PIXRECT (iimage), COLORMAP (i_image),
DESCRIPTION (Limage)

from emp_img I
where SHOWS (iimage, queryphrase);

The statement is deleted by the preprocessor.
However, the output functions and the selection conditions

associated with the cursor cl will be used later.
The following declarations are generated: */
I

int ISerrorc I;
char ISemnccl[ERRLEN+];

char ISfncl[FILENAMELEN + 1];
char ISdescrcI[DESCRLEN + 1];

sqlca.sqlcode = 0;
ISenmccl[O = "0';

f* exec sql open cl; */
/* exec sql whenever not found go to closec 1;
/* translated by preprocessor into: */

if ( ISerrorc1 = ISshows.open("image","ijmage",ISfncl ,query_.phraseJSerrncc 1)
)

sqlca.sqlcode = ISerrorcl;
if ( sqlca.sqlcode = QUERYWORDERR 11

sqlca.sqlcode - QUERY..STRUCTUREERR)
strcpy(sqlca.sqlerm.sqlemncJSerrmcc 1);

/* end of preprocessor output for open c /
if ( Isqlca.sqlcode)
I

f(flag = 0;
for (;;)

/* exec sql fetch cl
into :imageno, :pr, :cm, :descr;

This is translated by the preprocessor into: */
i f ( I S e r r o r =

ISshowsfetch("image","iximage"JSfncl ,query_phrasejSerrmcc 1))
sqlca.sqlcode = ISerrorcl;
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/* printf("main.sc(ISfiicl): %s\,n", ISfnicl); *
f ( sqlcasqlcode == NOT_-FOUND)

printf("main.sc: ISshows~fetch liefert NOTFOUND");
goto closedl;

f~flag = 1;
if ( !sqlcasqlcode)

/"* # line 653 "pl.sc" */ /* select *
strcpy (table-.array[table-index]tablename, tab[number]);
found = check-table..nameo;
table-cursor = table_entry;
strcpy(nuidia-nane,att[numberJ);
get~mediajiamO;
printf("%s",media...name);

llscjlnit(&sqlca);
U[writedb("retrieve(iniageno=");
llwritedb(media_name);
Iwritedb(".i -idjlSdescrcl=");
Uwritcdb(media~rname);
Uwritedb".descrp)w");
llwritedb("here ");
Ugwritedb(media-name);
llwritedb(".f~id=");
Usetdomn(lI,32,OISfnc 1);
llwritedb(" ");
UsqRinit(&sqlca);
if (llentest()= 0)

if (Unextget() I= 0)1
Uretdoin(lI,30,4,&hmageno);
llretdomn(1I,32,0,ISdescrc 1);

IsqFlush(&sqlca);

*I efts

/* # line 657 "pI.sc" */ /* host code 4

if (!sqlca.sqlcode)

if (!(lSerrorcl = ISpixrect (ISfnci, ISdescrcl, &pr)))
if (I(lSerrorcl = IScolormap (lSfnicI, ISdescrcl, &cm)))

ISerrorci = ISdescription (ISfncl, ISdescrcl, descr);
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sqlca.sqlcode = ISerrorci;

else
sqlca.sqlcode = PROGRAM-.ERR;

/* end of preprocessor output for fetch ci *
if (sqlca.sqlcode)

goto, closedl;
id = imageno;

/* # line 270 'p2.sc" */ /*' insert ~

lIsqlnit((char *')0);
llwritedb('append to")
llwritedb(temp-..media..name);
Ulwritedb('(ijd=");
llsetdom(1I,30,4,&id);
Uwritedb(" )");
IlsqSync(3,(char *')0);

/* # line 272 "p2.sc" */ /* host code *
I/*' end for loop of cursor ci *

closedl:
/4* exec sql close c I;
/* translated by the preprocessor into: *

sqlI c a s, q I c o d e
Ishiows_loseC'jmage,jmage",ISfnci ,query...phraseISermnccl);
I*#ine 693 "pl.sc" *I /* host code */

/* end of successful open ci; correct query description1
1* end of preprocessor declaration block *1

if ( sqlca-sqlcode = QUERY..WORD..ERR)

printf("The system cannot understand the word
>>%s<Nn",sqlca.sqlerrm.sqlerrinc);

queryeff = 1;

if ( sql-asqlcode = QUERYSTRUCI'UREERR)
I

printf ("The sy s t em cannot interpret t he
phrase\.i \i%s'z\n" ,sqica.sqlerrmisqlerrnic);

queryeff 1
I
if ( query..err)
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if( f flag)
pritf'Thbere are no media matching that query description.\N");

if ( sqlca.sqlcode )
printf("An error has occured while accessing the database~~i\

sql error code: %d'n", sqlca.sqlcode);
clr...ScrO);
/* end of retrieve..photo 0*

This procedure search through the media relation and get the
file name that match with the result table and send to the
present photo procedure

displayphoto %(iagenotuplenotemp-table, image-id)
int imageno;
int tupleno;
char teipjable[201;
int image-id;

int desired-tupleno;
char image...yalue[2O];
char answer, repeat, yes...no...answer 0
char query-phraseDESCRLEN+ 11,

ixkjphrase[DESCRL.EN+ 11;
int i=-Oj=O, k, c, pid, query....rr, queryjen, injlen, (flagjlookc_more--O;
struct pixrect *pr;
colormap-t cmii
char ISfnl [PILENAMELEN+lJ;
char descr[DESCRLEN+ I];
int show...pid, wait..pid;
int ISerror;
ST~kpath file -name;

* char lSdescrl (DESCRLEN-i-l;
cm.type = RMT _NONE;

A cm.length =0;

cm.map[0] NULL;
cm.map[l] NULL;
cm.map[21 =NULL;
desired-tupleno--tupleno;
/* this is absolutely necessary!!!! Otherwise prjoad colormap might

not allocate storage for the colormap, if the garbage found in
the cm structure seems to make sense. The result, of course, is
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segmentation fault. This bug was very hard to find. *
/* exec sql select PIXECT (image), COLORMAP (i-lmage),

DESCRIPTON (Limage)
into :pr, :cm, :descr

from image
where i-id = :imageno;

This Image-SQL statement is transformed into the following
sequence of statements by the preprocessor:

inttostr~imagejid, image..yalue);

if (llcsrOpen((char *)O,"cursor _outputl","db",0,zedia .nanme) I= 0)1
llwiitedb("retrieve(ISfnl=");
Uwritedb(media namne);
llwritedb(".");
llwritedb("f..idlSdescrl=");
llwritedb(media name);
U1writedb(".descip");
Ulwritedb(")where ");
llwritedb(inediajiame);
Hwritedb(".Lid--");
llwritedb(image..yalue);
U1csrQuery ((char *)0);

while (look more==O)
if (UcsrFetch((char *), "cursor....outputl","db") I= 0)

IlcsrRet(l1,32,0,lSfn I);
UlcsrRet( 1,32,OjSdescrl);
for (i=0O;idAX_PATH+;ii+) I

if (ISfnl[i]=-32)I

else
file...name~ij=ISfnl Ii];

printfV'\nRecord no %d filename : %s:"j+l1, lSfnl1);
if ((imngjile=fopen(file-ame,"r"))==NULL)

printf("I n%s", file..name);
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printf("\nThe fie cannot be opened!!n)
putchar( 'WO7);

else
pr=prjoad(imgjfIle, &cm);
if (pr=-=NULL)
printf("\nThie file does not contain proper image");
putchar(V'\07);
I
else

printf(NaShow image..")
* ~present...photoQj+l pr,&cm,ISdescr I);

llcsrClose((char *)O,"usor output I ,"db");

fclose(imng-ile);

IlcsrEFetch((char *)O);

if 0-0c
look-more = 1;

/*lcsrClose((char *)O,"cursor..outputl ""db");*/

This procedure search through the media relation and get the
file namle that match with the result table and send to the
play sound procedure

display-.sound (soundnotupleno,tempjtable, soundid)
int soundno;
irn tupleno;
char tempjtabe[20J;
int sound-id;

char souncdvalue[20J;
int desired-tupleno;
char Answer,answer, repeat, yesnoanswero;
char queryphrase[DESCRLEN+ I],

in-.phrase[DESCRLEN+ I];
int i-Oj=-O, k, c, pid, query..err, queryjen, injlen, f flagjlook_more=-O;
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int show-pid, wait-pid;
int ISerror;
STR-path file -name;
char lSfnl [FILENAMELEN+1J;
char lSdescrl (DESCRLEN+ 1];
desired-tupleno=tupleno;
c=1;

inttostr(soundjd, sounCvalue);
if (IlcsrOpen((char *)0,"cursor...outputl","dM4",0,mediajiame) I= 0)

Jlwritedb('retrieve(ISfnl=");
Ilwritedb(mediajiame);
Ilwritedb(".");
Ilwritedb("fidISdescrl=");
Uwxntedb(media name);
UwritedbC'.descrp");
Ilwritedb(")where ");
Ilwritedb(mediaiamne);
Uwritedb("s..d--");
Ilwritedb(sound value);
llcsrQuery ((char *)0);

j/* llcsropen */
while (look mrorce=O)4

if (IlcsrFetch((char *)O, "cursor -outputl","db4) I= 0)1
]UcsrRet(1I,32,0,ISfnl);
UlcsrRet(l1,32,0,ISdescrl);
for (i=0;i4MAX_PATH+1;i++)
if (ISfnlfiJ==32)4

file...namne[iJ=-0;
I
else4

file...name[iJ=ISfnl (ii;

pnintf("'Naecord no %d "j+l);
printf('WlnPay the sound?7 (yin): )
if (yes..no-answerQ=='y') I
play-sound(file.name);
UcsrClose((char 4 ')0,"cursor outputl1","db4");
I
IlcsrEFetch((char *)0);

iff q=c) 4
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look-more =1

11* IICSRFECCH *
/*' end while */

1/* end of display..sound 0*

This procedure get the query description for the media attribute
from the user phrase by phrase

char processjcon()

char answer, repeat, yes....o...answer 0
char query...phrase(DESCRLEN-i- I

inphrase[DESCRLEN+ 1];
int i, queryenf, queryjen, inrlen, f~flag;
char descr[DESCRLEN+1J;
it show..pid, waitpid;

int imageno;
icond = 1;
do

query..eff = 0;
queryjen = 0;
query...phrase[0] =V;
printf(\NaPlease enter your query description\c\

" noun phrases separate by commas and end with an exclamation maxk~n\
" sentence end with a period.\n\

(end whole description with an empty line):\n");
do /* until query...phrase input *

i = 0;
while ( (in-.phrasefi++J = getcharo) I= "\n' && i < 127)
if ( in....hrase[i-1] I= N\n'

in...phrase~i-l] = \;
printf ('"The phrase is too long, it will be shortened'n");
while ( getchar 0 = n')

in-phrase[i] = '\0';
if ( ( en = i )> I)

if (queryjlen + in-len < DESCRLEN)
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strcat(queryphrase,in..phrase);
queryien =queryjen + in..len;

else
I
printf(Mvh last phrase extended beyond the maximum\

description length,\nit will be ignored'n');
break;

/* End else *
/* PEnldif */

if ( Iqueryjen)
printf("\n-An empty string is not allowed as a query description.\n\

Please type at least a single word:\n");
/* End do */I

while ((inen > 1 ) 11 Iqueryjen ); /* end quiery..phrase input ~
printf("The query description now is:'\n %s%n\",query-phrase);

while (queryefr);
strcpy(con[nuniconJ,quieryphrase);
if (contype~numconJ=1)I
processjicon2 (query-.phrasenumcon);

I
if (contype~numcon]=2)
process...con3 (queiy-..phrasenumcon);

This procedure handles if there are more than one conditions in the query.

nested..gcondition(choice,tempjablel ,tempjable2,temp-table)
char choice;
char tempjable 1[20J;
char temp...able2[20J;
char temnp-table[20J;

int groupnumber-O;
int nested~counter=O;
int kl;

int endgroupjimiore,found=EFALSE;
cha ans,ans2;

endgroup, =0;
Mone = 0;
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numcon=-O;

numgroup=O;

choice--utiity..menu(choice,temp..table I,temp....able2,temptable);

if (choice=='O')(
cond= 1;
gcond=O;

while (more I= 1)
while (endgroup I= 1)4
for (i=-O;i < att.jndex;i++)

if (choice=-='O')(
if (m >I) (

printfC'%nEnter table name
gets(tab[numcon]);
strcpy (table-..alfay[table -indexj.table -namne, tab[numconJ);

strcpy (tab[numcon], stab[O].t..name);

if (cboice=='O')(
cond=1,
gcond=O;
printf('tNaEnter attribute )

gets(att[numiconj);
getatttype(tab[numconJ, att[numconj,atttype[numconJ);
if (strvmp(amtype~numconJ,'image")==O)

contype~numicon]=l;
processjcono;

else if (strcmp(atttype~numconJ,"sound")=-O)

contype[numcon]=2;
process-icono;

else
printfC'Enter the condition Nni");
gets(con~numcon]);
contypetnumconlO
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J/4 end if choice=0 -/

nested~counter-nested-counter+ 1;
if ((nested_counter%2)1--)(

if (choice='O')
cond=l;
gcond=0O;
qLretrieve(tenp.table8);

I"' q;..printdata(temp--tble8);*/
cond=0;
numcon=O;
numgroup=O;
init..buffer(tab,1O);
iniLbuffer(att, 10);
for (k=0O; k<10; k++)(
for (1=0; 1<100; 1++)(

confkJ(1]='O';

if (choice=--,r)f
tenipi_exists_temp2(tempjAablel, temp...table2, temp....able8);
ql..pfintdata(temp..jable8);
initbuffejoin~for-ncsted,99);

if (choice='2')(
templnot...existsj-emp2(tempj.ablel, tempjable2, tempjable8);
qI..pnintdata(temnpiable8);
initbuffer(join~fo-nested,99);

if (choice==-'3')(
templ-jnjemp2(tempj.ablel, tempj;able2, temp-table8);
qt..printdata(tempjable8);
initbuffer(conditio~fo....nested,100);
initjbuffer(attribute -fori-ested,20);

if (choice=-'4')(
temp 1_not-in..temp2(tempjablel, temp.-.table2. tempjable8);
qt-printdata(temp-.table8);
init-buffer(condition~forjiested, 100);
inituffer(attribute~for..nested,20);
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I
11* end if nested-countero2=1 *

if ((nested~counter%2)==0)fI
if (choice='09)(

cond=1;
gcond=-0;
qL..retrieve(tempjable9);

1* qLprintdata(tenmpjable9);*/
cond--0;

* numcon=0O;
numgroup=O;

* ~it..buffer(tab, 10);
init..buffer(att, 10);
for (k=-O; k'zlO; k++)(
for (1--O; 1<100; 1++)(

con~k][1J=-'0';

if (choice='91'A
templexists-temp2(temp...ablel, tempjable2, tempjable9);
qlj'rintdata(lemp-abe9);
itibuffer(joit~for-nested,99);

if (choice='2')f
tempi not~exissjemp2(teniJablel, temp-table2, temnp-able9);
ql...printdaa(temp-table9);
iniLbuffer(joiqjorjiested,99);

if (choice='')f
templintemp2(temptablel, tempjable2, temp-jable9);

* qlprintdmt(temp-able9);
inii buffer(condition-forjiested, 100);
init buffer(attribute -for .nested,20);

if (choice=-'4')l
temp 1_not-in...temp2(temp...ablel, temp..able2, temp...table9);
q1..-prindata(temp-table9);
init-buffer(condition-for-nested,100);
inutbuffer(attribute-for-nested,20);

135



fend if nestedsounter%2=0 *

if (nested-counter=-2)f
1* pri~~NtfnBelow is the result of the first %d conditions in group %d ,

nested~counter, group....umber+l);*/
P* printf("vnBefore intersection ... nested-counter->%d",nestec-2counter);"'/

intersectables(temp..able8 ,temp...table9,teinp..able 10);
1* ql.pntdata(teipjablelO);*/

dropjable(tenp.table8);
dropjable(temp-..table9);

if (nestedLcounter>2)1
if ((nestec~counter%2)=1 )j

pnintf("maBelow is the result of the first %d conditions in group %d ,

nested-counter, group..nuinber+ 1);*/
1* printfC"mBefore intersection. ..tiestec-counter->%d",nestec-counter);*/

intersect--tables(temp-ablel,tmp..able8,temp-table 11);
1* ql..printdata(ternp- table 11);*/

dropjable(teinp-able8);
drop-table(temp-tablel10)

if ((nested..counter%2)=0O)(
1* printfC'neBelow is the result of the first %d conditions in group %d ,

nested-counter, group-nuinber+l );I/
/0 prinfC'aiBefore intersection ... nested-counter->%d",neted-counter);*/

intersect-tables(ternp table 1 I temp-table9,teinptable 10);
1* ~ql...printdata(teinp-tabl 1);*I

drop...able(teipable 11);
dropjable(tempjable9);

1*end if nested-counter>2 *

printf('~NEnd group ?");

ans=yes..no -answero;
if ((ans==l2l)I(ans--89))

group-p.umber-group-pu.nber+l;
if (group-.number==1)f
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if (nested-counter=1)(
union~tables-for nested(temp-table8, group 1);

1* printft"NnBelow is the result of group %d :',groupnumber);
qtprintdata(groupi );*/
dropjable(tempjable8);

if (nested-counter>l)l
if ((nested-counter%2)=0 )(
union~tables _forjiesed(temp...able 10, groupl);

1* printf(\NaBelow is the result of group %d :",group....umber);
ql-rintdata(group1 );*/
dropjtable(teinpjable.10);

if ((nestedcounter%2)1=)(
union~tables_for..jiested(tempjable 11, group 1);
printf("NBelow is the result of group %d :",groupjiumber);
q&.printdata(groupl );*'/
dropjable(temp..able 11);

)/'end if nestedk-counter > 1I*
1/*end if group-number-1 *

if (group-number--2) (
if (nested-counter=1I)(

unionx-tablesjforjiested(temfpjable8, group2);
1* printf('\NaBelow is the result of group %d :",group-..numnber);

ql..printdata(group2);*/
drop ... able(tempj..ableg);

if (nested-counter>1
if ((nestedl-counter%2)=0)(
union-tables-fori-ested(tetnp.able 10, group2);

1* prinf("NiBelow is the result of group %d : ",group-pumber);
qi..printdata(group2);*/
dropi..able(temp-..able 10);

if ((nested-counter%2)==l)f
union-tablesjforjiested(temp..able 11, group2);

I"' printf("\nelow is the result of group %d :",group number);
ql...printdata(group2);*I
drop Jable(temp..able 11);

)*end if nested-counterAl*
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unionj~ables(groupl, group2);
1* printf('"naelow is the result of the first %d groups ",group-.number);

ql-printdata(group2);*/
drop-table(group 1);

)/*end if group....umber==2

if (group~pumber>2) I
if (nestec~counter=1I)(

union~tables_for-nested(tempjable8, group 1);
1* printf("\iBelow is the result of group %vd :",group-Aumber);

ql..pdintdata(groupl );*/
drop...ableftemp..table8);

if (tiestec-counter>l)I
if ((nse~counter%2)0=)(
unionj ablesk_for -nested(tempjamble 10, group 1);
prjntfC"SaBelow is the result of group %d :",group-number);
ql..printdata(groupi1);*/
drop-table(temrpjablel10)

if ((nestedcounter%2)==1)(
unionjables-for -nested(temp..able I1I, group I);

1* printf(C'\Below is the result of group %d :",group-aumber);
qt-pritdatagroupl );*/
drop-table(temp-table 1);
I

1/* end if nestedcounter>1
unionjtables(groupl ,group2);
printf('ImBelow is the result of the first %d groups ",groupn.umber);
qI-.printdata(group2);*I
dropiable(group 1);

)/* end if groupnunber >2/
nestedsounter=c0;
endgroup=l;

1* printf(%cGroup %d",nuzngroup);
printfC'naCondition %d",numcon);*I
i--600;
/*end ff ans= YES to end group

if ((ans=-l l0)1I(ans==78))
choice=utilitynenu(choice,tempjtablel ,tenp-table2,temp-table);

I/* End for/
/END WHILE
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printf'\nEnd condition 7)
mis-yes -no -answero;
if ((ans==12l1I(ans==89))

if (groupnumber--l)(
union-tables _for.-nested(groupl, tempjable);
drop jable(group 1);
printf(\NaBelow is the final result :)
qLprintdata(temp.jable);

if (group-number> 1)(
union-tables~for -nested(group2, tempjable);
dropjable(group2);
printf('NnBelow is the final result :)

ql-printdata~tempjable);

1*if (choice&O0')
groupsountnwgroup].endgroup =numcon-l ;*

endgroup=l,
more =1

i=-O;
V/ if ans=YES to end condition? *

else (
more=O;
endgroup=O;
i=-O;
nested-counter=-O;
choice=utilityjnenu(choice,teinpjablel ,temp-table2,temp..table);

/1 group..ountjnunigroup].endgroup, = numcon- 1;
numgroup=numgroup+l;
group...countlnumgroupJ-begingroup=nuincon;*/

)/4 cnd else/

/* End more
group-P.uinber=O0;

This function handles if there is only one condition in the query.

nestedprocesscondition(choice,texnp-ablelI,temp-jable2,temp..table)
char choice;
char tempjable 1[20];
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char tenptable2[20];
char ternp table[201;

char ans2,a;
int ij;
gcond=-O;
printf'aGroup condition? (yMn) )

ans2=yes_no _answero;
if ((ans2==1 2l1 (ans2==89))
I

nested~gcondition(choice,tenip...tblel ,temp_table2,tenmp..table);

else

gcond=O;
choice--utility.mnu(choice,temp...ablel ,tempjable2,teinpjable);
if (choice == ''

cond=1;
if (mn> I)

printfC'"n~nter table namne
gets(tab[OJ);

if (in=1-)
smTry (tab[O], stab[OJ.t.nam);

I
pnintf("nEnter attribute namne
gets(att[OJ);
pnintfC"Nn%s %s %9ff, tab[OJ, att(OJ, atttype[OJ);
getatttype(tab[OJ]at[OJ,atttype[OJ);
if (stirmp(atttype[OJ,"ftnage")0=)

contype[OJ=1I;
proceSsiconO;

else if (strcrnp(attypeOj,"sound")0=)

contype[0O=2;
processicono;

elsej
printf("Enter the condition Nai");
gets(con[OJ);
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contype[O]O

else
cond=-O;

if (choice=',O')
q]-yetrieve(tempjable);

if (choice='1')
temp lexists temp2(temnp_..tablel, temp-jable2, temnpjable);

if (choiCe=='2')
templ. -not exists-temp2(temp..table 1, temnp_..table2, tempjable);

if (choice=='3')
temp 1 jztemp2(tempjable 1, temp-table2, temp-table);

if (choice='4)
templ -not n_temp2(tempjable 1, tempjtable2, temp....able);

qI-.printdata(temp-table);

This procedure print the attribute name of the table assign to

void p...att(tab..name)
STR-name tab-name;

int ij;
for (i=-O;i<=- table-count;i++)
if (strcnp(table...arrayti.table...nane,tabjiname)--=O) I

x = i
y = tablearayiJ.att..entry;
printf(\NaTable Name: %sln",table _array[iJ.table-nalm); /* print table name ~

printf("Sn**Attribute***Data Type**")
while (y != -1)1

printf("\n% 13s %s" ,attarray[y].att name,att-.array[y] .datajtype);
y = attmrayLy].next ndex;
/ * End while y!=-l *

if (y==-1) (
printfC'Vi');

i=500;
P s Exit loop *

1/* End if/

I* fEnidfor*
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Generate the result table for retrieval process
This procedure process the query and condition
By using the select-array and condition-array
also group-..array

qLr.etrieve(temp~table)
char temp....able(20];

int d,er;
int ijkj;
char gmumnjmedianum,operatori4J;
i=-O; /* set up index to 0 */

1* Below is the embeded C code for the SQL C for INGRES *
/* This is equivalent to the SQL query *
/* exec sql select (vanl, var2, ..

from (tablel, table2,...)
where (conditionl1 and/or condition2 and/or ...)

j=-O;

Usqlnit((char *)0);
llwrtedb("retrieve into )
Ulwritedb(tempjable);
U1writedb("(");
for (i=-O;i<n-1 i++)I
llwritedb(satt[iJ.;tname);
H~wnitewb".");
llwritedb(satt[i].ajiamne);
ll[writedb(",");

I/*' end for *
Hwritedb(satt[ij.t _name);
Uwnitedb(".");
Ulwritedb(satt~iJ.a name);
Ilwnitedb(")");
if (cond==0-)

if (r>l) I
llwritedb("where(");
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Ulwritedb~oin~condition);
llwritedb(")");

if (cond==1)
Uwritedb("where(");

if (rni>) i
Uwritedb("C')
llwritedb(jomn-condition);

llwritedbC' and")

if (gcond-O)
if (contype[O]==-O)

Uwritedb(tab[OJ);
Iwritedb(".");
Uwritedb(att[OJ);
llwritedb(con[O]);
) * end if */

if (contype[OJ=1-)
flwritedb(tabrO]);
llwritedbC".");
Uwntedb(att[O]);
llwritedb("=");

tempjnediajiamejO]='p';
mcdianumn=0+48;
temp-mcdia name[ 1J-nedianum;
tcnp-media namel2 "-;
Ulwritedb(tempjnedia-name);

Ilwritedb(".");
llwritedb("Lid");

I
if (contype[OJ=2) I

Ilwritedb(tabOJ);
Ulwritedb(".");
Inwriedb(att4OJ);
Uwritedb("=");

tempjnmedia name[O]='p';
medianum=O+48;
temp~media namet I ]=-medianum;
tenipjiidia,_name[2J=-O;
Uwritedb(temp-nedia namne);

UwritedbC'.");
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Uwritedb("s-id");

/*I end if no group ~
llwritedb(")");

/*6 end if con--I~

This function takes two temnp tables and unions them and returns
the result to the calling function

union-tables(tempjablel, tempjable)
char temp-tablel 1 20J;
char tempable[20];

it c=Oj=-OOOtemp, count;
f*char*/ ST7knam char value[21J;
char fle..nanie[20j,a;
int integer...valuemedia.yalue,foundmedie Lvalue;
float real-value;

it i=-O,select=-O;
int g=-O;
/*printf('%nNow we are in unionj-ables");*/
1* # line 3169 "db.sc" */ /* select *

Ils~(ca ))
ilwritedb("retrieve(c=(count(");
ll[writedbtemp-table 1);
Jlwritedb(".");

U'writedb(")))");
lisqRinit((char *)O);
if (Ilerrtest() =0

if (Unextget() 1= 0)1
lretdom( 1,30,4,&c);

1/*' Jnextget 6"I
llsqFlush((char *)0);
If*Uerrtcst/

1--0;
I*printf("nalhere awe %d records in temp-table %s",c, temp...tablel);*/

/* # line 3171 "db.sc" */ 1* host code */
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if (IlcsrOpen((char *)O,'cror-output","dbl',Otemp-tablel) !=0)
Ulwritedb("retrieve(");
for (select=0O;select<n-lI;select++)
UIwritedb(sattlselect].A...name);
Ilwritedb("=" );
Hwritedb(temp...able 1);
llwritedb(".");
Uwritedb(satt~select].a.-name);
Iwritedb(",");

llwritedb(satt~select].aname);
Uwritedb("=");
llwritedb(temip-table 1);
Ilwritedb(".");
Ulwritedb(satt~selectj.a,-name);
U'writedbC')");
flIcsiQuery((char *)0);
/*' llcsrOpen */

/* line 3169 "db.sc" *'I /4* select ~

llsqlnit((char *)0);
Uwritedb("retrieve(g=-(count(");
llwritedb(ternp-jale);
Uwritedb("." );
,Uwritedb(satt[0.aname);
Uwritedb(")))");
llsqRinit((char *)0);
if (Ilerrtest() = 0)

if (llnextget() I= 0)1
Uretdom( 1,30,4,&g);

I
UsqFlush((char *)O);

fPprintf("\nThere are %d records in temp-table %s" ,g, temip-able);*/

I' # line 3171 "db.sc" */ f4* host code */
if (llcsrOpen((cbar *)0,"c11jsor -output" ,"db2" ,0,tempjable) != 0)

ilwritedb("retrieve(");
for (select=0O;select<n-lI;select++)4
llwritedb(satt[sclectj .A...ne);
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UwritedbC"=");
Ilwritedb(terinpjable);
UlwritedbC".");
flwritedb(satt~select].ajiamne);
flwritedb(",");

U0writedb(satt [select] .ajiamie);
llwritedb(f1=11);
Ilwritedb(tenpjable);
flwritedb(".");
Uwritedb(satt[select].a~nname);
Ulwritedb")");
UcsiQuery((char *)0);

look-more=0O;
1=0;
if(c==O)

look -more=l;

/* Fetch the cursor to the result relation which is the intermediate table
hold the result firom the query, then print out the tuple one at a time
until no more record to print to the user ~

/* #line 7"insert.sc"I /*jpjmjt*

while (looknore =0)1
if (IlcsrFetch((char )0,"cursori-output","dbl") I= 0)1
Ilsqlnit((char *)0);
Ihwrtedb("append to")
lwritedb(temp-table);

Ilwriteclb("(");
1* printf(%vnecord id %d Nt",1);*/

for (i=0O;i<n-i;i++)
flwritedb(satt[iJ.a~nname);
IlwritedbC'=" );
if (strcmnp(satt[i].data -type,"c20")==O)

UlcsrRet( 132,0, char..yalue);
1* printf("%s : %s",satt[iJ.a..nam,char...value);*/

Usetdorm(1 .32,0, char..yalue);
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if (strcinp(satt[iJ-datajtype,"iftege")=O)4

1* printfC'%s : %d ",satfjlanamjnteger-value);*/
Usetdom( 1,30,4,&mnteger..yalue);

if (strcmp(satt[i].data..type,"float")--0)
llcsrRet( 1,31 ,4,&reaLvalue);

1* printfC'%s : %8.2f ",satt[iIa...nmnerevaluc);*/
isetdom( 1,31 ,4,&reaLvalue);

if (strcmp(satt~iJ-data type,"image")0)
Ilcsrket(1 ,30,4,&mcdia..yalue);

1* printfC'%s id is %d f,satt~iJ.a..namenedia..yalue);*/
llsetdom( 1,30,4,&media..value);

if (strcmnp(sattiJ-datajtype,"soufd")O)
llcsrRet( 1,30,4,&nmedial..value);

1* printf('%s %d",satt[i].a~namemedial-value);*/
Jlsetdom(1 ,30,4,&niedial-value);

IwritedbC',");

Uwritedb(satt[i] .a~name);
UlwritedbC"=");
if (strcinp(sattilli.datajtype,"c2")0=)

flcsxRet( 1,32,0, charvyalue);
1*printfC"%s : %s",sat[jl~ajnamcharvalue);*/

Ilsctdomn(1,32,0, char..yaluc);

if (strcmp(satt[i.datajype,"integer")0=)(
JjcsrRet( 1,30,4,&integer...value);
printfC'%s : %d ",san[i].ajiamjntegcr...value);*/
lisetdon( 1 ,30,4,&integer..yalue);

if (szrcmp(sat[i.daaype,"float")0=)
IlcsxRet( 1,31 ,4,&reaLvyalue);

1* printf("%s : %8.2f ",satt~i].anamewreavalue);*/
UsctdoffK 1,31 ,4,&reaLvalue);

if (strcmp(sattl.data type,"iznage" )==0)
llcsrRet( 1,30,4,&meclia...yalue);

I' prmntf("%s id is %d ',satt~iJ.a~namcmdiavalue);*/
Jlsetdomn(1I,30,4,&rmdia...aluc);
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if (strcmp(saff[i].data-type,"sound")==O)
UcsrRet(l ,30,4,&medial-value);

P* printf('%s %d"'satti.a.-naneimedial..value);*/
lsetdomn(l1,30,4&medial-value);

IlcsrEFetch((char *)O); /*' fetch the next record to the cursor ~
I++; /* increment I as the counter */
if (l==c) I /* check if no more data to print *

look_more =1; /* exit of the loop *
I
llwritedb(' t#

UlsqSync(3,(char *)O);
/I ftcarFetch *

Pi end while *

Icrls(ca )cro otutdl) ls h usr*
UcsiClose((char *)O,"cursor...output" ,"db 1"); P close the cursor ~

return(temp_..table);

This function takes two temnp tables and unions them, puts the result in
temnpjablel and return the result to the calling function

umion~tables_for _nestcd(temjablel, temrp_..table)
char temrpjablel1[20J;
char temp-table[20J;

int c=-Oj=OAk=Oj=Otemp, couyw
/*char*/ S~lhnme char..yalue[21J;
char file.name[20JXa
int integcr...yaluejindiavalue,found~medialvyalue;
float real-value;
int i-=O,select=-O;

int "-O;
/'printf(NiNow we are in union-tables-fo-nested");*/
P~ # line 3169 "dbsc" Pt/I select *

Ilsqlnit((char *t)O);
lwritedb("retrieve(c=(count(");
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llwritedb(temp-table 1);
lwritedb(".");
llwritedb(satt[O].A...name);
llwritedb(")))");
flsqRinit((char *)O);
if (Ilerrtest() = 0) 1

if (ilnextget() 1= 0)4
U~retdom( 1,30,4,&c);
/* llnextget *1

UsqFlush((char *)IJ);
I"' Uerrtest *

1--0;
/*printf(".NoThere are %d records in temp-table %s",c, temp_ablel);*/

/* # line 3171 "d~c */ /*' host code *
if (IlcsrOpen((char *)0,"curlsor _output","dbl",Oteniptablel) 1= 0)1

Uwritedb('retrieve(");
for (select=0O;select<n- 1;selecti+)
Llwritedb(satt[selectJ .ganme);
Ulwritedb("=");
Uwritedb~tempjtable 1);
UwritedbC'.");
llwritedb(sazttselectJ.a.name);
llwritedbC',");

Uwritedb(sattlselectj.anwwn);
lwritedb("=" );
Uwritedb(temp...able 1);
Ilwritedb(X");
U[writedb(satt[select] .ajiame);
Ilwritedb(")");
llcsiQuery((char *)(J);
1* llcsrOpen */

P.& && &&&&& && &&&&& &&&& &&&&&* /

ll[writedb('create ");
Uwritedb(tempjable);
llwritedb("C");
for (i=0;ikn-1;i++)f

Jlwritedb(satt[iJ .gajiane);
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Uwritedb("=");
if ((strcmnp(satt[i].data.-type, "image") = 0) 11

(strcmip(satt[i].datajtype, "sound") - 0) 11
(strcmp(satti.data..type, "integer") == 0))

U1writedbC"i,");
else

if (strcmp(satt[i].datajtype, "float") =- 0)
Uwritedb('f4,");

else
/* char data type *

Uwritedb(satt[i].date..type);
Uwritedb(",");

/61 End of for loop i/
~wjritedb(satt[ij.a-name);

U1writedb("=" );
if ((strctnp(satt~iJ.data..jype, "imae") = 0) 11

(strcmnp(satt[iJ.datajype, "sound") == 0) 11
(strcmp(satt[i].datajtypc, "integer") = 0))

Uwritedb("i4");
else

if (strcmp(satt[iJ.datajype, "float") = 0)
U.writedb("f4");

else
I* char datajype *

Ilwritedb(satt[iJ.datajtype);

Uwritedb(")");
UsqSync(0,(char *')O);

/*' # line 3169 "db.sc" */ P* select *

llsqlnit((char *)0);
Uwritedb("retrieve(g=-(count(");
ll[writedb(tempiable);
ll1writedb(".");
llwritcdb(satt(0j.a name);
U1writedb("))));
UsqRinit((char *)0);
if (Uertsto == 0)1

if (U1nextget() I= 0)
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Hlretdom( 1,30,4,&g);

UlsqFlush((char *')0);

/* line 3171 "db.sc" */ /* host code *
if (llcsrOpen((char *),"cusor _output" ,"db2",Otemp..able) I= 0)

llwritedb("retrieve(");
for (select=-O;select<n-l1;select++)
U~writedb(saztjselect].a namne);
Ulwritedb("=" );
Uwritedb(teip table);
Uwritedb(".");
U1writedb(satt[selectj~a pnme);
Ilwritedb(",");

Uwritedb(satt~select].a,_name);
Ilwryvitedb("=" );
Uwritedb(temp_ table);
Iwritedb(".");
Uwritedb(satt[select)-a name);
llwritedb(")");
U[csrQuery((char *)O);

look-more=0;
1--0;
if (C==0)

look jnore= 1;

P~ Fetch the cursor to the result relation which is the intermediate table
hold the result from the query, then print out the tuple one at a time
until no more record to print to the user ~

f* # line 7 "insert.sc" * insert *

while (look -more =0)

if (ilcsrFetch((char *)0,"ciijsor output","dibl") != 0)
Usqlnt((char *)0);
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llwritedb("append to")
Uwritedb(temp table);
llwritedb("(");
for (i=0O;i<m-1;i++)

Uwritedb(satt~i.ajiame);
llwritedb("=",);
if (strcmnp(satthiJ.data...type,"c20')==0O)

llcsrRet( 1,32,0, char value);
llsetdom( 1,32,0, char...value);

I
if (strcmp(satt~i] .data...type,"integer")==0)

llcsrRet(1I,30,4,&integer _value);
llsetdomn(1I,30,4,&integer..yalue);

I
if (strcmp(satt~iJ~data~type,"float")==0)4

IlcsrRet( 1,31 ,4,&reaI~value);
Usletdom( 1,31 ,4,&reaLvalue);

I
if (strmpq(satt~ij~dataj-ype,"image")==0)

L~csrRet(l1,30,4,&media~yalue);
llsetdom(1I,30,4,media- value);

if (strcnip(satt[iJ.data type,"sound")==O)
llcsrRet(1I,30,4,&media 1_value);
Usetdom(1I,30,4,&medial-value);

Ilwritedb(",");

Ilwedb(sattl-kanane);
Ulwritedb("=");
if (strcmp(satt[iJ.datajyp,"c2")0=)

llcstRet( 1,32,0, char value);
Ilsetdoi( 1,32,0, char .value);

if (stcni(satt(i].data yp,"integer")=0O)
UcsrRet(1 ,30,4 ,&integer _value);
Isetdom( 1,30,4,& integer _value);

if (strcmfp(satt~iJ.data ~type,"float")==0)4
flcsrRet( 1,31 ,4,&real-value);
ilsetdorn( 1,31 ,4,&real value);

I
if (strcunp(satt[iJ.data _type,"iinage")==0O)
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UcsrRet( 1,30,4,&mnediA..yalue);
Usetdomn(1,30,4 ,&media. value);

if (strcmp(satt[iJ.data...type,"sound")==0O)
UlcsrRet( I,30,4,&medial-value);
Usetdom( 1,30,4,&medial..yalue);

I

im printf('\u");*/
llcsrEFetch((char *)0); P* fetch the next record to the cursor ~
l++; /* increment I as the counter */
if (1l=c) I /*' check if no more data to print *

look _more =1; /* exit of the loop *

llwritedb(" ))
UsqSync(3,(char *)O);
P ' UcsrFetch *

/* end while1

IlcsrClose((char *)0,"cursor outputV'"dbl"); /* close the cursor ~
lIcszClose((char *')O,"cursor...output","db2"); /* close the cursor ~
return(temp-.table);

This function takes two temnp tables and unions them, puts the result in tenip-jable
and returns the result to the calling function

union-tablesjor_demo(tempjablel, temp....able2, tempjtable)
char temrpjable 1 (20j;
char temp table2[20J;
char temp-able[20J;

int c=Oj=Ok=0,l=OOtemp, count;
int o=O,p=O;
/*char*/ STR,-name char-valuel2l];
char file-namne[20J,a;
int integer...yaluejmedia value,found,medial-value;
float real_value;
int i=-O,select=-O;

int g=-O;
/*printf(",aNow we are in union-tablesjfor _nested");*/
P' line 3169 "db.sc" P11 select *
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(lqnt(ca ))
Iwritedb("retrieve(c=(count(");
llwritedb(tempi.able 1);
ll~writedb(' .");
llwritedb(satt(O.a_iame);
Uwritedb(")))");
llIsqRinit((char *)O);
if (Uerrtest() ==0) 1

if (Unextget() I= 0)
Ilretdom(1I,30,4,&c);
)/* U1nextget */

UlsqFlush((char *)O).-

/*printf(")nnhere are %d records in tempiable %s",c, tempj:ablel);*/

1"' # line 3171 "db.sc" *1 /*' host code */
if (llcsrOpen((char *')O'curor...output","db1",0,tem....table1) I= 0)1

fUwritedb("retrieve(");
for (select=0O;select<n-1;select++)
UlwritedbQsatselect.a~nanie);
flwritewb"=");
U1writedb(tempjtablel1);
Jl[writedbC'.");
flwritedb(satt[selcct].m name);
Uwritedb(",");

U1writedbsatt~selectJ.a nme);
H1writedb( =");
Ilwritedb(temipjable 1);
U~writedbC'.");
Ilwritedb(satt[select].a nuns);
IUwritedbC")");
Il[csrQuery((char *)0);

1/* llcsIOpen */
/' # line 3169 "db.sc" */ /* select *

U1sqlnit((char *)0);
U[writedb("retrieve(o=(count(");
llwritedb(tempj.able2);
Ilwritedb(".");
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llwritedb(satt[11] .ajiame);
llwritedbC'))");
UsqRinit((char *)0);
if (Ilenitest() =-- 0)

if (llnextget() != 0)
llretdom(1I,30,4,&o);
1* Unextget *1

UlsqFlush((char *)tJ);

/*printf'\nlhere are %d records in temp-table %s',o, temp-tablel);*/

/* # line 3171 'db.sc" */ /* host code */
if (llcsrOpen(I(char *)fJ "cursor _output","db3",0,tcmp table2) I= 0)

Ulwritedb("retrieve(");
for (select=0O;select<n-l1;select++)I
llwritedb(satt~select.a.name);
Llwvritedb("=");
llwritedb(teiptable2);
llwritedb(".");
Ulwritedb(satt[select] .aname);
flwritedb(",");
I

Ilwritedb(satt~selectj.ajiame);
Jlwritedb'V");
Ilwritedb(tenipjable2);
Uwritedb(".");
Ulwritedb(sattlselect.a...name);
llwritedb(")");
IlcsiQuefy((char *)0);
I/* LlcsrOpen *

Ilsqlnit((char *)0);
* llwritedb('create ");

llwritedb(temp.table);
llwritedb("(");
for (i=0O;i<n- 1 ;i++)

U1writedb(satti].ajiame);
llwritedb( "=");
if ((strcmp(satt~i.datajype, "image") =0) 11

155



(strcmnp(satt[i.datajtype, "sound") = 0) 11
(strcmp(satt[i].data type, "integer") =0))

Ilwritedb("i4,");
else

if (strcmp(sattfi.data.-.type, "float") = 0)
Ulwritedb("f4,");

else
/* char data~type *

lwritedb(satt[i] .datajtype);
ll~writedb(',");

/ * End of for loop i*
Ulwritedb(sattfi] .kane);
Ilwritedb("=" );
if ((strcmnp(satt[i].data type, "image") = 0) 11

(strcmp(satt[i.data..type, "sound") - 0) 11
(strcmp(satt[iJ.data type, "integer") = 0))

lwritedb("4");
else

if (strcmip(satt~i].data_ype, "float") = 0)
llwritedb("f4");

else
1 /* char data type *

llwritedb(satt~i].data,_type);

llwritedb(")");
llsqSync(0,(char *')0);

1* # line 3169 "db.sc" */ /' select *

llwritedb("retrieve(g--(count(");
llwritedb~tempjtable);
llwritedb("." );
ll[writedb(satt(0] .a-name);
Ulwritedb(" ))) ");
llsqRinit((char *)0);
if (llerrtest() == 0)1

if (Elnextget() I= 0)1
llretdom(1I,30,4,&g);
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llsqFlush((char *')0);

/* # line 3171 "db.sc" */ /* host code *
if (llcsrOpen((char *)O,'cursor Output","db2",0,temp- table) 1= 0)

UwritedbCretrieve(');
for (select=0O;select<n-l1;select++) I
Uwritedb(satt[select] .a_namne);
Ilwritedb("=");
U1writedb(temrpj..able);
Ulwritedb(".");
Elwritedb(satt~select].a~name);
Ulwritedb(" ,');

Ulwritedb(satt~select].a-name);
Ilwritedb("=" );
llwritedb(tempjable);
Tlwritedb(".");
U[writedb(satt[select].a~name);
Uwritedb(")");
IlcsrQuery((char *)0);

f*printf("\n");*/
look-more=0,
1=-0;
if (c=0O)

look-more=1;

/f Fetch the cursor to the result relation which is the intermediate table
hold the result from the query, then print out the tuple one at a time
until no moire record to print to the user ~

/* # line 7 "insert.sc" /*/ insert *

while (look-more =0)
if (llcsrFetch((char *),"cursor-output"',"dbl ") != 0)

Ulwritedb("append to")
llwritedb(tempjtable);
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UwritedbC'C');
for (i=0O;i<n- I;i++)I

Ulwritedb(satt[i].a~name);
llwritedbC'=");
if (strcmip(satt[i].dataJtype,"c2O)

0O)
IcsrRet(1 ,32,0, char...value);
Ilsetdom(l,32,O, char_value);

if (strcmnp(satt[il .cata.... pe,"integer") 0=)

IHcsrRet( 1,30,4,&integer..Yalu);
Ilsetdom(1I,30,4,&integer value);

I
if (strcmnp(satt~i].data~type,"float")==0)

IlcsrRet( 1,31 ,4,&reaLvalue);
Ulsetdom( 1,31 ,4,&real_value);

if (strcmip(safli.datajy-p,"rnage)=)
UcsrRet( 1,30,4,&media..alRC);
Ilsetdoi( 1 ,30,4,&mediavalue);

if (strcmp(satt~i.dataj pe,"sound") 0)(

UlcsrRet( 1,30,4,&medial-value);
Usetdom( 1 30,4,&medialvyalue);

Uwritedb(",");

llIwritedb~satt~iJ.a-iamle);
liritedbC'");
if (strcmp(satt~iJ.datajtypC,"c

2O")==0)I
flcsrRet(1 ,32,0, char...alue);
Ilsetdom( 1,32,0, char..yalue);

if (strcmnp(satti.datajtype,"iftgr")=)
U~csrRct( 1,30,4,&integer...alue);
Usetdom(1I,30,4,&integer...value);

if (strcmp(sattWi.dataJ-ype,"float)O)
UlcsrRet( 1,31 ,4,&reaLvalue);
Ulsetdom( 1,31 ,4,&reaLvalue);

I
if (strcmp(satt~iJ.datajtype,"imlage")==0O)I

llcsrRet(1I,30,4,&mnediajvalue);
Ilsetdoni(1I,30,4,&media~value);
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if (strcmnp(sattWi.datajtype,"sound")=-O)
llcsrRet( 1,30,4,&medial-value);
Jlsetdom(l1,30,4,&medialvyalue);

pinf"n)*
llcsrEFetch((char *)O); /* fetch the next record to the cursor ~
14+; /* increment 1 as the counter *I

if (1l=c) ( /*' check if no more data to print *
look_more =1; /* exit of the loop *

lIwritedbC' ")
llsqSync(3,(char *)O);

I/g, UcsrFetch ~
/* end while *

Il[csrilose((char *)O,"cursor...output","db2"); /4* close the cursor ~

/* # line 3171 "db.sc" */ /* host code */
if (llcsrOpen((char *)O,"cursor...output","db2,Otemp-jable) I= 0)1

llwritedb("retrieve(");
for (select=0O;select<n-l1;select++)
Uwritedb(satt~select].a,_name);
Ilwritedb("=" );
Ulwritedb(tempjable);
Ilwritedb(".");
Tlwritedb(satt[select.ajiame);
Ilwritedb(',");
I

lwritedb(satt[select]..nwme);
Ilwritedb( OV");
llwritedb(tempjable);
Uwritedb(".");
Hwritedb(satt~select.aname);
llwritedb(")");
IlcsiQuery((char *)0);

/pint(W)*

look-more=0;
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if (C==0)
look -more=l;

/* Fetch the cursor to the result relation which is the intermediate table
hold the result from the query, then print out the tuple one at a time
until no more record to print to the user *

/* # line 7 "insert.sc" * insert *

while (look-more =0)

if (]lcsrFetch((char *)0"cursor output","db3') I= 0) 1
Usqlnit((char *)0);
Ilwrtedb("append to I');
llwntedb(tempjable);
Uwritedb('(");
for (i=-O;i<n-l;i++)I

Ilwritedb(satt[iJ.a name);
Ilwritedb("=" ),
if (strcmp(satn[iJ.data..type,"c20")==0)

llcsrRet( 1,32,0, charlvalue);
Usetdom(l ,32,0, char...value);

if (strcnip(satt[iJ.data...type,'integer")==0)
llcsrRet( 1,30,4,&integeryalue);
Ulsetdom(l ,30,4,&integer. value);

if (strcmp~satt[i].data type,"float")==O)
Il1csrRet(l1,31 ,4,&real..value);
Llsetdom( 1,31 ,4,&real_value);

I
if (strcmp(satt~iJ.datajtype,"image")==0)4

IlcsrRet(l1,30,4,&media _value);
Usetdom( 1,30,4&media value);

if (strcmfp(sattfi].data type,"sound")==0O)
IlcsrRet(1 ,30,4&media I value);
Usetdom(1 ,30,4,&medial-value);

I

llwritedb(satt~ij.a name);
Uwritedb("=")
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if (strcmp(satt~i].data type,"c20")-==0)
IlcsrRet(1 ,32,0, char-vyalue);
flsetdom( 1,32,0, char..value);

if (strcmp(satt[iJ.datajtype,"integer")0O)
llcsrRet(1 ,30,4,&itege...value);
llsetdom(1I,30,4,&integervalue);

if (strcmp(sat[il.datajtype,'float")==0)
UcsrRet(l,31,4,&realvalue);
IUsetdom(l,31 4,&real-value);

if (strcmp(satt~iJ.data type,'image")=O
UcsjrRet(l1,30,4,&media...alue);
Ilsetdomn(l1,30,4,&medi...value);

if (strcmp(satt[i].data type,"sound")==0)
IlcsrRet(I ,30,4,&medial..value);
ILsetdom( 1,30,4,&miedial-value);

pinf"a)*
IlcsrEFetch((char *')0); /* fetch the next record to the cursor ~
1++; /* increment 1 as the counter */

if (]==o) I/*' check if no more data to print *
look..more =1; /* exit of the loop *

Ilwritedb(" ))
ILsqSync(3,(char *)0);
/* llcsrFetcb *

/* end while/

)crls(ca ),cro~uptd2) *coetecro
IlcstClose((char *)O,"cursor..,putput","db2"); /* close the cursor ~
IcsrClose((char *)O,"cursor....output" ,"db 1"); f/t close the cursor ~

retum(tempjtable);

This function retrieves the tuples from ternp-ablel which do not take place in
temnp-.table2 and puts the result in temnp...able.

minus(temip_tablel1 ternpjable2, tempjtable)
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char teinp..tablel [20];
char temp-table2[20J;
char temnp-able[20];

int i;

llwritedb("retrjeve into")
Uwritedb(temp-table);
Uwritedb("(");
for (i=0O;i<n-1;i++)

llwritedb(terp table 1);
Ulwritedb(".");
llwritedb(satt[i].a narne);
llwritedb(",");

llwritedb(tempjable 1);
Hwritedb(".");
llwritedb(satt[i].a name);
llwritedb(")");

Uwritedb('wherc any(");
Ilwritedb(temnptable2);
Uwritedb('.ail by ");
llwritcdb(teip table 1);
Ulwritcdb(" .all ");
Ilwritedb(" where(");
for (i=0O;i<n-I;iI-.-I

llwritedb(tcmpjable 1);
llwritedb(".");
llwritedb(satt[iJ.A name);
Uwritedb'W'");
Ilwritedb(temp-table2);
llwritedb(".");
llwritedh(satt[iJ.a name);
llwritedb(" and")

llwritedb(tenfip table I);
Ulwritedb(".").
llwritedb(satt[i].a name);
Jlwritedb(-'=");

lwritedb(temptjable2);
llwritedb('.");
llwritedb(satt[i] .aname);
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flwritedb(' )");
U1writedbC") = 0");
flsqSync(0,(char *)O);
return(temnpjable);

This function intersects two tables and puts the result in tempjtable.

intersecttables(tempjtablel1 temnp...able2, temp-table)
char tempjable 1 r201;
char tempjable[20J;

1* copy..to...fle~tempj..ablel );*/
Ilsqlnit((char *)0);

Ulwritedb("retrieve into")
Uwritedb(tempj.able);
Ilwritedb("(");
for (i=-O;i<n-1;i++)

Ilwritedb(tempj.able 1);
Iwritedb(".");
Elwritedb(satt[iJ.a...namne);
Ilwritedb(",");

llwritedb(tempjable 1);
Uwritedb(".");
U1writedb(satt[i].a~name);
Jlwritedb(")");

llwritedb(" where(");
for (i=-O;i<n-1 ;i++)(
Uwritedb(temp-table 1);
Hwiritedb".");
Ilwritedb(satt~i].ajiame);
llwritedb('=" );
llwritedb(temptable2);
ll1writedb(".");
llwritedb(satt[i].a name);
llwritedb(" and )

llwritedb(tempjable 1);
llwritedb(".");
llwritedb(sattij.ajiame);
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Uwritedb~tempj..able2);
U9writedb(".");
Llwritedb(sattij.a.-.name);
llwritedb(" )");
U~sqSync(O,(char *')O);
retum(temp..table);

This function retrieves the tuples from temp...tablel which are not included in temp2 and
puts the result in temp-table.

temnlpLtk-.temp2(temp-jable 1, temp-..table2, tempj:able)
char temp...able[20];
char tempjablel1[20];
char tempjable2[201;

int ij;
j=-O;

printf("\NWe are in table 1_NOT_ IN -table2 now");

salca.sqlcode = 0; /* Initialize as error free before access INGRES *
Ulsqlnit(&sqlca);
Ulwritedb("retrieve into")
IUwritedb(tempjtable);
Ilwitedl,("(");
for (i=-O;i'cn-l;i++)

Uwritedb(satt[i].tjtamne);
llwritewb".");
UIwritedb(satt[i.a..name);
llwritedb(","');

Iwritedb(satt(iJ.t namne);
Ilwritedb(".");
llwritedb(satt~i].ajiame);
Uwritedb(")");

Ilwritedb("where(any(");
flwritedb(tempj)able2);
llwritedb(".");
Ilwritedb(attributejo-nested);

f/' Uwritedb(".all by )*
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/4* Uwritedb emjablel1);*/
llwritedb(" by ");
Uwritedb(satt Ii] t-name);
llwritedb(".all ");
flwritedb("where')
JDwritedb('C');
llwritedb(satt~i].tiane);

1* Ilwritedb~temp-ablel1);*/
U1writedb(' .");
llwritedb(condition~for_nested);
Ilwritedb("=",);
ilwritedb(temp..able2);
U1writedb(".");
Uwritedb(attribute-for-nested);
llwritedb(")");
UwvritedbC') = 0");
if (ni>1)(

llwritedb(" and )

U1writedbCC();
ilwritedb(join -condition);
IlwritedbC')");

Illwritedb(")");
lsqSync(0,&sqlca);

if (sqlca.sqlcode I= 0)1
printf(\NLAn error occurred while accessing the database");
for ( Hj+1; j<rn; j++)I

itbuffer(temp-table 1,20);
strcpy(temp-ablel, stabUJ.tLname);

sqlca.sqlcode = 0; /* Initialize as error free before access INGRES *

1lsqlnit(&sqlca);
llwritedb("retrieve into")
fUwritedb(temp-table);
Ilwritedb("(");
for (i=-O;i<n-1;i++)

I1writedb(".)
Ilwritedb(satt[i] .Ajiame);
Jjwritedb(",");
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Hwritedb(satti.irnme);
lwritedb(".");
flwritedb(sattl~i].ame);
Ulwritedb(" Y');

Ugwritedb("where(any(");
Ulwritedb~temp-table2);
UlwritedbC'.");
Ilwritedbattributep-forjinested);
Ilwritedb(" by ");

1* writedb(".all by )*

Uwritedb(sattli] .t..nam-e);
I lwritedb(tempjablel1);*/

Ilwritedb('.ali ");
llwritedb("where )

UlwritedbCC();
Hwritedb(satt[iJ.Lname);

1*Uwritedbtemnp-ab~eI);*/
Uwritedb(".");
ilwritedb(condition~forjinested);
llwritedb("=" );
Ulwritedb(tempjable2);
Uwritedb(".");
Jlwritedb(attribute-focrnested);
UwritedbC")");
Uwritedb(") = 0"0);
if (m>1)(
Ilwritedb(' and")
Uwritedb("(");
Ilwritedb(join-condition);

UlwritedbC)");

UlsqSync(0,&sqlca);

Jf* end for j<jn/
end if *

This function joins temipi and temp2 and retrives the tuples, from tempi that takes place
in temnp2 and puts the result in temnp-able.
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temfp ljn..temnp2(tempjable 1, tempjable2, temp...table)
char tempjtable[20J;
char temp-tablel 1 20];
char temp-able2[201;

int ij;
j=-O;

printf(,NnWe are in table I_R4_table2 now");
sqlca-sqlcode =0; /* liutialize as error free before access INGRES *
Jlsqlnit(&sqlca);
lwritedb('retrieve into )

Dwritedb(temnp table);
Ilwritedb('(");
for (i=0O;i<n-l ;i++)

Uwritedb(sattiJ.tnarne);
Uwnitedb(".");
llwritedb(satt[iJ.a.nane);
ll[wnrtedb(",");

Ilwritedb~satti].t _nam);
llwritedb(".");
ilwritedb(satt[i] .a..name);
Ilwritedb(")");

IUwritedb("where(");
U1writedb('(");
Ilwritedb(teipjable 1);
Ilwritedb(".");
lwritedb(condition-for -nested);
Ilwritedb('=");
Ilwritedb(teniptable2);
Ilwritedb(".");
U[writedb(attribute -for -nested);
Uwritedb(")");
if (m>Il

Uwritedb(" and )

llwritedb('(");
llwritedb(join condition);
llwritedb(")");

llwritedb(" Y'):
llsqSync(O,&sqlca);
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if (sqlca.sqlcode != 0)(
for (j=j+1; j<m; j++)(

itibuffer(temp_..table 1,20);
strcpy(temp-tablel, stabUj.t namne);
sqlca.sqlcode = 0; /* Initialize as error free before access INGRES *
Muslnit(&sqlca);
liwritedb("retrieve into )

llwritedb(tempjable);
Ulwritedb('(");
for (i=0O;i<n-1 ;i++)
llwritedb(satt[i] .t-name);
llwritedb(".");
Uwritedb(satt[iJ.-anm);
flwritedb(",");

Uwritedb(satt[i].tLname);
il[writedb(".");
llwritedb(satt~iJ.a~name);
Uwritedb(")");

Ilwritedb("where(");
ITwritedb("(");
Uwritedb(temnptable 1);
ilwritedb(".");
Ulwritedb(condition _for_nested);
Iwritedb('=");
llwritedb(tenptable2);
Ilwritedb(".");
Uwritedb(attribute-for_nested);
IlJwritedb(")");
if (m>I)l
Ilwritedb(" and")
llwritedb( "C');
llwritedb( join-condition);
UlwritedbC')');

Uwritedb(")");
IlsqSync(O,&sqlca);

1/* end for ~
W/ end if *
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This function joins templ1 and temnp2 and retrieves the tuples from temnplI that do not take
place in temp2 and puts the result in temp-table.

templ L not -exists -temp2(temnp-able 1, temnpjable2, temnp_..table)
char tempjtable[20];
char tempjable 1 [201;
char tempjtable2[20];

int ij;

printfC*\nWe are in table 1_not-exists-table2 now");
sqlca.sqlcode = 0; 1* Intialize as error free before access INGRES *

Hsqlrnt(&sqlca);
Ulwritedb("retrieve into")
llwritedb(teip table);
ll[writedbC'(");
for (i=0;i<n-1;i++)

Uwritedb(satt[i] .tname);
llwritedb(".)
Uwritedb(satt~i].a name);
Uwritedb(",');

flwritedb(satt[iJ.I Lname);
llwritedb(".");
llwritedb,(satt[iJ .a..name);
Jlwritedb(")");

Ilwritedb('where(any(");
llwritedb(teniptable2);
llwritedb('.aI by ");
llwritedb(satt~i] .Lname);

/* llwritedb(tempjtablel1);*'/
llwritedb(" .all i);

llwritedb("where")
Ilwritedb("(");
llwritedbojoin-for -nested);
llwritedb(")"):
lwritedb(" )=O");

if (m>l)f
Uwritedb(" and )
llwritedb("(');
llwrtedb(join condition);
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Uwritedb(")");

llwritedb(")");

UsqSync(0,&sqlca);

if (sqlca.sqlcode != 0)(
printf("\nError occurred while accessing the database");
for (j=j+1; j<m; j++)f

init-buffer(temp- table 1,20);
strcpy(temp-%.tble 1, stabU]i.t~namne);
sqlca.sqlcode = 0; /* Initialize as error free before access INGRES *

Hsqlniz(&sqlca);
Ulwritedb(tempjable);
U1writedbC"(");
for (i=0O;i<n-l;i++)
Uwritedb(satt[i].t namne);
llwritedb('.");
llwritedb(satt[iJ.a namne);
llwritedb(%");

U~writedb(satt[i] .tnamne);
llwritedb(".");
Uwritedb(satt[i] .A_name);
llwritedb(")");

Ulwritedb("where(any(");
llwritedb(ternipjabe2);
Ilwritedb('.all by ");
llwritedb(satt~ij.tLname);
f*llwritedb(temp..tablel1);*/
llwritedb(" .all1 ");
llwritedb("where")
llwritedb("(");
1lwritedb(join-for-nested);
llwritedb(")"..);
Ilwritedb(" )=0");
if (mAI)(
IlwritedbC" and")
IlwritedbC'(");
llwritedb~join-condition);
llwritedb(")");
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llwritedb(")");
UsqSync(0,&sqlca);

W/ end j<m */
)'end sqlca.sqlcode != 0 *

This function retrives the tuples from tempi that exists in temp2 and puts the
result in temp...table.

temp lexiststemp2(temp_..table 1, tempjable2, tempjable)
char tempjable[20];
char tempjable 1 [20];
char tempjtable2[201;

int ij;

printf('.nWe are in table 1--exists-table2 now");
sqlca.sqlcode = 0; /* Initialize as error free before access INGRES ~

llsqlnit(&sqlca);
Uwritedb("retrieve into")
Uwritedb(temp_able);
lwritedb("(");

for (i=0O;i<n-l;i++)
llwritedb(satt[i].t~name);
llwritedb(".");
llwritedb(satt[iJ.a_iame);
llwritedb(",");

UIwritedb(satt[i] .tname);
llwritedb(".");

flwritedb(")");

Uwritedb("where(");
llwritedb("(")-
llwritedb(join-forjiested);
U1writedb(")");
if (mAl)f
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llwritedb(" and )

Uwritedb('C');
llwritedb~join condition);
llwritedb(")");

llwritedb(")");
UlsqSync(0,&sqlca);

if (sqlca.sqlcode 1= 0)(
for (j=j4-; j<mn; j++)(

init-buffer(temnp-jable 1,20);
strcpy(tenipjablel, stabU].t.name);
sqlca.sqlcode = 0; /* Initialize as error free before access INGRES ~

Jlsqlnt(&sqlca);
Uwritedb('retxrieve into )

U1writedb~tempjable);
UlwritedbC'C');
for (i=0O;i'zn-1;i++)
ll[writedb(satt[iJ .t.name);
llwritedb(".");
llwritedb(satt[iJ.q name);
llwritedb(",");

Llwritedb(satt[i] .t _name);
JHwritedb('.");
UIwritedb(satt~i].ajiame);
1lwritedbC')");

EUwritedb("where(");
llwritedb("(");
Ijwritedb(join-for-nested);
Ilwritedb(")");
if (M>1) (
llwritedbC' and')
lwritedb("(");

Jlwritedb(Ijoin -condition);
Uwritedb(")");

llwritedb(")");
llsqSync(0,&sqlca);

1/* end if j<m ~
)'end for *
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This function calculates the number of tuples retrieved in the result table and prints the
number of tuples.

void printscount(tempjable, i)
char temp...able[201;
int i;

int t=0O;

Ilsqlnit((char *)0);
lwritedb("retrieve unique(t=(');
llwritedb("count");
Ulwritedb("(');
Dwritedb(temp-table);
llwritedb(".");
llwritedb(satt~i] .a~name);
Iwritedb(")))");
llsqRinit((char *)0);
if (Jlerrtest()= 0) 1
if (Ilnextget() != 0)1

Elretdom( 1,30,4,&t);
1* llnextget *1

IlsqFlush((char *)0);
/* llerrtest *

printf('COIJNT(%s) = %d ",satt[i].a...name, t);

This function calculates the sum of a cloumn retrieved in the result table and prints the

void prinLsum(temp.table, i)
char temp...table 120];
int i;

int t=0O;

llsqlnt((char *)0);
llwritedb("retrieve unique(t=(");

Ilwritedb("(");
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ll[writedb(tenip-table);
Uwritedb(" H);

llwritedb(satt[i.a..name);
ll[writedbC")))");
ll1sqRinit((char *)0);
if (llerrtest() = 0)
if (Ilnextget() != 0) 1

Ulretdom(1I,30,4,&t);

IlsqFlush((char *)O);

printf("SUM(%s) = %d ",satt[i].a..name, t);

This function calculates the average of an attribute of a tuple retrieved in the result table
and prints the average.

void prinLavg(tenmpjable, i)
char teinpjable[201;
int i

int t=0O;

U0sqlnit((char *)O);
llwritedb("retrieve unique(t=(");
U1writedb("avg");
U1writedb("(");
Uwritedb(teinpjable);
Uwritedb(".");
UJwritedb(satti.a...name);
llwritedb(")))");
UsqRinit((char *)O);
if (llerrtest() = 0) 1
if (llnextget() I= 0)1

liretdom(1I,30,4,&t);
/* Unextget */

UlsqFlush((char *)O);
I/* ilerrtest *

printfC"AVG(%s) = %d",satt[iJ.aname, t);
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This function finds the max of a coloun of a tuple in the temp-table and prints the max.

void print-max(tempiable, i)
char temp-table[20];
int i;

int t=-O;

Ilsqlnit((char *);
ll[writedb("retrieve unique(t--(");
llwritedb("max");
llwritedb('C');
Uwritedb(temiptable);
UlwritedbC'.");
Jlwritedb(satt~iJ.a name);
Ilwritedb(")))");
JlsqRinit((char *)4J);
if (ilerrtest() = 0)
if (Ulnextget() I= 0)1

Uretdom(lI,30,4,&t);
/* lnextget */

UsqFlusb((char *)0);
/* Uerrtest */

printf("NMAX(%s) = %d ",satt[i].k-ar.ne, t);

This function calculates the min of an attribute of a tuple retrieved in the temp.jable and
prints the mmn.

void print..min(temnpjable, i)
char temp..able[20j;
int i;

int t=0O;

Usqlnit((char *)0);
ilwritedb("retrieve unique(t=C');
llwritedb('nuin");
llwritedb("(');
Ulwritedb(temp-table);
llwritedb(".;
llwritedb~satt[i] .aname);
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Il1writedb(" ))W);
UlsqRinit((char *)0);
if (Uerrtest() = 0)
if (Ulnextget() != 0) 1

llretdom( 1,30,4,&t);
/* llnextget */

IsqFlusb((char *)O);

/*Hrts

printfC'M1N(%s) =%d ',satt[i].aname, t);

This function checks the aggregate type in the struct sant and calls the appropriate
function.

print....aggregates(temp-table)
char tempj..able[20];

int v;
for(v=-O; v<n; v-i+)f

if (satt~vJ.aggregate_type=1)
print..count(tempjable, v);

if (satt~v] .aggregate...type=--2)
print...sun(tempjtable, v);

if (satttv].aggregatejtype=3)
printavg(temp..table, v);

if (sattlvJ.aggregatejtype:=4)
printmax(tenpjable, v);

if (satt[v.&ggregteype==5)
prin..min(temp..table, v);

Thiis function prints the tuples retrived in the result table.

print.result -table(tempjable~flag,c)
char tenp-table[20J;
int flag;
zit c;

int v;
int j=0,k=-O,]l=0,temp,select=-O;
char char-valuell21],a, Ans;
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char file - ame[20];
mnt integer..yalue,media value,found,medial-value;
float real-value;
int recordjid;
int i=-O;
c=0O;

/* # line 3169 "db.sc" */ /* select *

Ilsqlnit(char *)0);
llwritedbC'retrieve unique(c=(count(C);
Uwritedb~tempjtable);
Uwritedb('.");
liwritedb(satt[(0].anam);
Uwritedb(")))");
llsqRinit((char *)0);
if (llerrtest() == 0)4

if (llnextget() I= 0)
UIretdom(1I,30,4,&c);
1/* llnextget */

UsqFlush((char *')0);
1/*' ierriest ~

if (flag--FALSE)(
prt(NiThere are %d records that match the query",c);

if(C==O)
prirnf('W'nress ENTER to continue...");
a--getcharo;
return;

/* line 3171 "db.sc" */ /* host code *
if (IlcsrOpen((char *)O,'"cJjor _output","dbl ",0tenmpjable) I= 0)

llwritedb("retrieve (");
for (select=0O;select<n-1 ;select-.+)
Uwritedb(satt~select] .ajiame);
llwritedb("=");
]3writedb(tenip table);
llwritedb(" .");
flwritedb(satt[selectJ .aname);
llwritedb(",");
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ll[writedb(satt~select] .aLname);
llIwritedb('=");
Hwritedb(temp_.table);
llwritedb(".");
Uwritedb(sattselect].a name);
IlwritedbC' )');
U1csxQuery((char *)0);
/* llcsrOpen *

printf("\n");
look- more=0;
1--0;
if (C==0)I

look _more~l;

/* Fetch the cursor to the result relation which is the intermediate table
hold the result from the query, then print out the tuple one at a tune
until no more record to print to the user *

while (Iook more =0) (
if (IlcsrFetch((char *)0,"cursor....output","dbl") I= 0)1

printf("record id %d Nt",l+l);
for (i=0;i<n;i++)I

if (strcmp(satt[i].data type,"c20")==0O)
flcsrRet(l1,32,0,char value);
if (satt[ij.aggregatetype=0O)

printf('%s :%s",satt[i].a..name,charx value);

if (stirmp(satt[i].datajtype,"integer")=0O)I
llcsrRet(1I,30,4,&integer value);
if (satt[iJ.aggregatetype=0O)

printf("%s :%d ",satt[iJ.a...name,integer _value);

if (stxrnmp(satt[i.data.type,"float")0=)
llcsrRet(lI,3lI,4,&real~value);
if (satt[iJ.aggregatejtype==J)

printf("%s :%8.2f ",satt[ij.a~namereaL value);

if (strnmp(sattfiJ.data type,"image")-==0)
llcsrRet(lI,30,4,&media-value);
if (satt[i.aggregatetype=0O)

printfC'%s id is %d ",satt[i].aname,media value);

if (strcmp(satffiJ.data type,"sound")-==0)

178



U~csrRet(1 ,30,4,&medial-value);
if (sattfl].aggregate-type==O)

printf("%s id is %d",satt[i].a.-name,medial-value);

)/* end for select < n*~/
llcsrEFetch((char *)O); I"' fetch the next record to the cursor *
144; /* increment 1 as the counter */
if (1--c) I /* check if no more data to print *

look-more =1; /* exit of the loop *

prin~aggregates(tempjable);
printf('n);
) ' ilcsrFetch ~

* ) I"' end while */
UcsrClose((char *)O,"cursor output" ,"dbl"); p/, close the cursor ~
if (flag-=FALSE)i

printfC'Press ENTER to continue.")
a-- getcharo;

/* this for the check for the media selection ~
if (C==O)

/* if there are some aggregate functions print their results *
1* print..aggregates(temipable);

pnintf(".nress ENTER to continue.")
a-- getcharo;*/
return(c);

This function gets the image id of a tuple in the result table.

* get-image-d(rimage..id)
int r;
int image_id;

int sound-id;:
int entry;
int desirec-tuple;
char c-temp[601;
int count--O;
int j-Ok=O0,I=0,temp;
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char char-value[21J,a;
char filejiame[20J;
int mingvalue, snd-yalue;
int integer..yalue,media -value,foundxmedial value;
Bloat real-value;
int i=0O,select=0O;

int g=0O;
int d;
LValue[ijindex]=0O;

desired -uple--r;
/* line 3169 "db.sc" *1*select *

llsqlnit((char *)0);
llwritedb("retrieve(g--(count(");
llwritedb~tempjable);
Ilwritedb(".');
U1writedb(satt[0J.a-name);
Uwritedb(")V');
IsqRinit((char *)0);
if (Ilerrtest()== 0)

if (llnextget() != 0)
llretdom(1I,30,4,&g);
/*' llnextget */

UlsqFlush((char *)0);
/Ifilemrest ~

if (9-0)
prinitf("Wnress ENTER to continue...");
&=getcharo;
return;

1* # line 3171 "db.sc" */ /* host code *
if (UcsrOpen((char *)O,"cursor -output","db2",0,temp table) I= 0)

lwritedb("retrieve(");
for (select=0O;select<n-l1;select.-i)
Uwritedb(satt[seiect] .a-nae);
flwritedb("=");
ilwritedbtenmp table);
ilwritedb(".');
Ilwritedb(satt[select].anae);
Uwritedb(" ,*);
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Uwritedb(satt [select] .aLname);
llwritedb("=' );
Ulwritedb(temp...able);
Ilwritedb(".");
Ilwritedb(satt~selectJ.Anane);
Ilwritedb(")");
UcsrQuery((char *)0);
/* UcsiOpen *

printfC'Nn");
look-more=0;
1=-0;
if (g=-0) 1

look-more=1;

/* Fetch the cursor to the result relation which is the intermediate table
hold the result from the query, then print out the tuple one at a time
until no more record to print to the user *

while (look-more = 0) (
if (llcsrFetch((char *)0,"cijrsor .output","db2") I= 0)1

if (desired-tuple := 1)f
printfC'record id %d \t,+lI);

for (i=0O;i<n;i++)
if (strcmnp(satt~iJ .datajtype,"c20")==0)

IcsrRet( 1,32,0,char..yalue);
if (desired - uple = I) I

printfC'%s : %ssatt[i.a..namechar value);

if (strcrnp(satt[iJ.data type,"integer")==0)
llcsrRet(1I,30,4,&integervalue);
if (desiredjuple == 1)4

printf("%s : %d ",satt[i .anamewintge...value);

if (strcmnp(satt[i].data type,"float")==0O)
U~csrRet( 1,31 ,4,&realvalue);
if (desireduple == 1)(

printfC'%s : %8.2f ",satt[i].a..namereaLvalue);

if (strcmp(satt[i].data type,"image")==0) 1



llcsrRet( 1,30,4,&mnedia -value);
if (desiredjtuple == I)I

image -d-media-value;
printf(C%s id is %/d ",satt[iJ.a...ne,media-value);

if (strcmp(satt[i] .data.-.type,"sound")=0)
llcsrRet(1 ,30,4,&medial_value);
if (desired-tuple - W)

1* sound-id-medial -value;*/
printf('%s %d't ,satt~i].aniexmedial-value);

1/'end for select n*/
UcsrEFetch((char *)O); /* fetch the next record to the cursor ~
144; /* increment I as the counter */
if (1=-g) I/* check if no more data to print ~
look-more =1; /* exit of the loop *

f/* UcsrFetch ~
I P~ end while V/

IlcsrClose((char *)O"cursor...output","db2"); /* close the cursor/

printf('NnPress ENTER to continue.")
a-- getcharQ;
return(imagejid);

This function gets the sound id of a tuple in the result table.

getsound-id(r~sound-id)
int r;
int sound-id;

int imageid;
int entry;
int desired-tuple;
char c -temp[601;
int count=O;
int j-Ok=O0,l=O,temp;
char char..value[2 1 ),a;
char file name[201;
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int imngvalue, snd-value;
mnt integer_valuemedia..yalue,foundmedialvalue;
float real-value;
int i=0,select=0O;

int g=0O;
int d;
i-valuei-index=0O;
desired-tuple=r;

/* # line 3169 "db.sc" *11/* select *

Ulsqlnit((char *)0);
llwritedb('retrieve(g=-(count(');
llwritedb(tempjable);
llwritedb(".");
llwritedb(satt[0 .aname);
llwritedb(")))");
IlsqRinit((char *)0);
if (llerrtest() = )1

if (llnextget() I= 0)1
Ilretdom(! ,30,4,&g);

11* Ilnextget */
UlsqFlush((char *)0);

if (g==0)
printf('Wnress ENTER to continue...");
a=getcharo;
return;

I'* # line 3171 "db.sc" *11/* host code *
if (llcsrOpen((char *)0,"cursor -output","db2',Otemp t able) I= 0)

llwritedb("retrieve(");
for (select=0O;select<n-1;select++)
llwritedb(satt[selectJ.a.name);
llwritedb("=");
ilwritedb(ternpjable);
Ilwritedb(".");
llwritedb(satt~select].a _namne);
Ulwritedb(",");

Uwritedb(satt[selectJ.a...name);
Ilwritedb('=");
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Ilwritedb(temp...able);
U1writedb(".");
Hwritedb(satt~select].a name);
llwritedb(")");
U0csrQuery((char *)O);
/* llcsrOpen ~

printf(Ni");
look-more=0;
1=-0;
if (g==0)

look _more=l;

/* Fetch the cursor to the result relation which is the intermediate table
hold the result from the query, then print out the tuple one at a time
until no more record to print to the user *

while (lookmore = 0) 1
if (UlcsrFetch((char *)O,"ciijsor output","db2') I= 0)

if (desired - uple =1
printf("record id %d Nt",I4l);

for (i=0O;i<n;i++)
if (strcmnp(sattl.datajype,"c20")=0) I

UcsrRet(l1,32,0,chair value);
if (desiredjuple =

printf("%s : %s",satt~i].a~name,char..value);

if (.strcmp(satt[i].datajype,"integer")==0)
IlcsrRet( 1,30,4,&mntegeryalue);
if (desiredjtuple = ~

printf("%s : %d ",satt(iJ.aname~mtegexrvalue);

if (strcnlp(satt~i] .data..type,"float")==0O)
llcsrRet( 1,31 ,4,&realvyalue);
if (desireo.tuple ==1)

printf("%s :%8.2f ",satt[i].ananereal~yalue);

if (strcmp(satt[i] .datajype,"imnage")==0)
IlcsrRet(lI,30,4,&media-value);
if (desirec~tuple == 1)l
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/hI ~ imagejd--media_value;*/
printf("%s id is %d ",satt[i].aname,media..yalue);

if (strcmp(satt[i].data type,'sound")==O)
UcsrRet(l1,30,4,&medial value);
if (desired -tuple = I)(f

sound-id--medial-value;
printf("%s %d",satt[i].anamemedial-value);

)/*end for select n*/
UcsrEFetch((char *)O); f/i fetch the next record to the cursor ~
1+-i; /* increment I as the counter */
if (l=g) I /*' check if no more data to print *
look-more =1; /*I exit of the loop *
I
/* U3csrFetch *

I/*' end while */

UcsiClose((char *)O,"cursor _output","db2"); /*' close the cursor ~
return(sound-id);

This function calls the function print-esult-table and then queries the user if he wants
to display any media data.

qt..printdata(tempjtable)
char teinp-jable[20J;

int imagejd=0;
int sound-id=0O;
int c=Oj-Ok=0,l=0,temp,select=0O;
char char -value(21J],a, Ans;
char file-name [201;
int integer _yalueimediajvalue,foundmedial-value;
float real-value;
int record_id, flag=-FALSE;
int i=-O;
c=printjesultable(tenp__.tble, flag, c);
flag--TRUE;
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for (k 0Ok<n;k++)
if ((strcmip(satttkI.dataj.-ype,"image")==O)II(strcmnp(sattllc.datajtype," sound")==-O))I

if (strcmp(satt~kJ.data...type,"image")=-O)
printf("%nDo you want to display any media data ? (yi)");

if (strcmp(satt~kj.datajtype,"sound")==O)
printf('1\nDo you want to display any media data?7 (y/n)");

Ans=yes -no -answerO;
if ((Ans==12l1I(Ans==89))(

for (k=-O;k<n;k++)(
if (strcmp(satt[k].datajtype,image")-=O)

Axis =121;
while ((Ans = 121) 11 (Axis ==89)

if (c>1)l
printf('%nMWhich tuple's image do you want to see? (enter record id) :)

scanf("%d", &record-jd);
getcharo;
printf("record_id -- > %d", record _id);

if(C==I)
record-id=l;

if (C==O)
goto final;

j = record-id - 1;
inagej-d=ge~imagej-doj,ixnagej-d);
for (i=-O;i<n;i++) 4

if (strcmp(satt[iJ.data..type,"imnage")==O)(
strcpy(table -afray[tablejindexJ.tablejiam, satt~iJ.t..name);
found = check-table~nameo;
table-cursor = table..entry;
st-cpy(mediajnaame,satttiJ.ajiame);
getLmedia nameO;
display-photoD(ij,tempjable,inmge-d);

prInt("n you want to see more image data?7 (Y/N) :)

Ans=yes no-answero;
if ((Ans==121)I(Ans==89))

print..result table(temp_..table,flag);
if ((Ans-- Il 1O)I(Ans==78))

goto next;
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next:
for (k=O;k<n;k++)

if (strcinp(satt[k].data -type,"sound")-=O)

Ans =121;
while ((Ans == 121) 11 (Ans ==89)

print,..result...table(tenpjable, flag);
if (c>1)f

printf('%nWhich tuple's sound do you want to hear? (enter record id) :)
scanf("%d", &record~d);

I
if (c==1)(

record-id=1;

if (c==-O)
goto final;

j = recordjid - 1;
sound-id=get..soundjdQ,soundjd);
for (i=-O;i<n;i++)(

if (strcmip(satt~iJ.datajype,"sound")==O)
printf("\nSound management");
strcpy(table, array[tablejndex.table.namne, satt[i].t..name);
found = check- table,-namneo;
table-cursor = table-entry;
strcpy(media name,satt[iJ.a namne);
get...media namneo;
display...sound(ij,tempiable, soundjd);

printf(\NaDo you want to hear more sound data?7 (Y/N) :)

Ans=yesjio -answero;

1*end if ans=121 (the one at the top) *
else

k=900;
J/*end if srcmp(datatype=imnage or sound) *
J/* end for k<n (top one )~

/*printf("\n");*/
1* Drop table result after finished print *
/*drop..table(terqp..table);*/
final:
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dropjemp. media~tableso;

This function drops a table in INGRES.

dropj..able(table-name)
char table-name[20];

llsqlnit((char *)0);
Uwritedb("destroy")
llwritedb(table..name);
]IsqSync(0,(char *)0);

This function initializes an array upto size 100.

initbuffer(bufferj)
char buffertlO0l;
nt j;

int i;
for (i=0O;i<j;i++) I

buffer[i] =V'

This function drops the temporary media tables used to hold the intermediate results of
a query.

dropi..emnp-media~tablesO

int k;
char 1[5];
char tempstring[100J;
for (k=0; WOl; k-H-)(

strcpy(tempstring, "p");
inttostr(kjl);
strcat(tempstringl);
llsqlnit((char *)0);
Ilwritedb("destroy )

flwrtedb(tempstring);
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llsqSync(O,(char *)0);
itibuffer(tempstring, 100);

mnit -buffe(.)

This function asks the user to enter a join condition.

void help~join()

int i=0O;
if (m> 1)

strcpyojoin-condition,"?");
while (strcmp(join condition,"?")==0)4

printf(".nlease enter your join conditior~n(<?> for help!) :)

gets(join condition);
if (strcmnp(join condition,"?")==0)
for (i=0O;i<m;i++) (

printf(NnTable %s ",stab[i] .tname);
p...att(stab[iJ.t..name);
/* end for loop */

f* end if need help for join *
)/*'end while*/
/* end if more than 1 table select *

Thiis user asks the user to enter three temp table names for intersection.

char get~tempjable...namesjorintersection(temp..table 1 teipjable2,tempjable)

char temp~tablel [20J;
char tempjable2[20;

printf('\nEnter first temp table name :)

gets(buff);
strcpy(temp...table 1, buff);
initjbuffer(buff, 100);
printf('NnEnter second temp table name :)

gets(buffO;
strcpy(tempjtable2, buff);
itibuffer(buff,100);

printf(CNnEnter another temporary table name to hold the result :)
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gets(buff);
strcpy(temp-jable, buff);
init-buffer(buff,100);

return(tempiablel, temp...able2, tempjable);

This function shows the intersect/union/minus menu.

char intersect~unionk_nenu(answer)
char answer;
I

answer=
/* while (!( '0'<=- answer && answer <= '')

clr...scrO;
printf('Naff you want to intersect / union /minus any two temporary tables:\n");

printf( t- N-)
printf("vn\.l. TITERSECTF two tables");
printf('NNt2. UNION two tables");
printf(\n\3. MINUS");
printf("\ncO. Quit");
printf("'
printf("nitSelect your choice:
answer = getcharo;
while ((c = getcharo) 1= "Sn')

/*Not return do nothing

return (answer);

This function asks the user if he wants to union/intersect/minus any two tables and pluts
the result in tempjable.

query jforntersect uon(choice,tempjablelI,temipj-able2,temp...able)
char choice;
char tempjtable 1 [20];
char tempjable2[20];
char tempjable[20j;

choice=
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clr scro;
while (choice != '0)

choice = intersect~unionmenu(choice);f* print the choice for user select on screen

switch(choice) /* User select case *

case '1' /* create table ~
clr scrO;

printf("\.Your Selection is INTERSECT");
printf("\nHit Return to continue! (Any other key to QUIT!)");
if (getchar() != N\n')

getcharo; /* To let next getchar() work well *
break;

get-temp-able-names-for-intersection(tempjtable 1, temp...table2,
temp-table);

printf('Nn*** The result of the INTERSECTION will be kept in
tempjable*** %s ***\n", tempjable);

intersect-tables(tenipj_ ablel, tempjable2, temnp..able);
ql-prntdata(temp...able);
break;

case 72'

printf("\nYour Selection is UNION");
printf("\Nafit Return to continue! (Any other key to QUIT!)");
ii kgetcbar() 1= 'Wn)

getcharo; P To let next getchar() work well *
break;

get-temp-tablenames for-intersect ion(temp- table 1, temp-table2,
temnp-jable);

printf( \n***4 The result of the UNION will be kept in temp..table*** %s
***\.n", tempjable);

union-tables_for _demo(temp~tablel1 tempjable2, temp...able);
ql-printdata(tempj.able);
break;

case '3 : / create table *
lr-scro;
printf(" nYour Selection is MINUS");
printf("\nHit Return to continue! (Any other key to QUIT!)");
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if (getchar() I= 'Wo)

getcharo; /* To let next getchar() work well *
break;

getjtemp-table-names-for-intersection(temp~jable 1, temp..table2,
temp...table);

printf("%ii*** The result of the MNUS will be kept in temp-able*'** %s
**'\n", tempjable);

miinus(tempiablel, temp-table2, temp...table);
ql..printdata(temp-table);
break;

case '0'
clr-Scro;

printf( -nHit Return to continue! (Any other key to QUIT)");
if (getchar() I= Ni')

getcharo; f* To let next getchar() work well *
break;

break;
/" End of switch *

/0 End of while choice I0= V
return(choice);
retuzn(tempjable 1);
return(temnpjable2);
return(temp...table);

This function displays the Retrieval operations menu

char show-utility men(answer)
char answer;

answer=
/* while (1( '0'<= answer && answer <= '4))

clrscrO;
printf(%NaNtRetrieval Operations Menu~n");
printfC'A
printf(No6a0. Simple Condition");
printfCNnkt. table 1 where EXISTS table2");
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printf(" , " 12. table I where NOT EXISTS table2");
printf("nt3. table 1 IN table2");
printf("nt4. tablel NOT IN table2');
printf("vn t-
printf("vn\tSelect your choice::
answer = getcharo;
while ((c = getcharo) != "In')

/* Not return do nothing *

return (answer);

Ths function calls the function show-utility-menu and calls other functions to process the
user's choice.

utilityjmenu(choice,temp_table ,temp.able2,tempjable)
char choice;
char temp_table 1 [201;
char temptable2[20j;
char temp_table[20];
I

choice = T;
clrascro;

/* while (choice != '0')
1"/

choice = showutility.menu(choice);/* print the choice for user select on screen */
switch(choice) /* User select case /
I

case'1': /* create table*/
clr=.scrO;

printf(" nYour Selection is tablel where EXISTS table2");
printf("nHit Return to continue! (Any other key to QUIT)");
if (getcharO != I')

getcharO; /* To let next getcharO work well *I
break;

)
printf("NnEnter the temp table name related to EXISTS :");
gets(buff);
strcpy(temptable2, buff);
init-buffer(buff, 100);
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printf("\nPlease enter your join -,ondition\nbetween )

if (M--l)
printf("%s and ", tempj..ablel);

if (MA>)
printf(."the appropriate table and")

printf("** %s **:,tempj..able2);

gets(buff);
strcpy(join-for -nested, buff);
init._buffer(buff,100);
break;

case '2':
clrscrO;

printf('NnYour Selection is tablel. where NOT EXISTS table2");
printf("\Nafit Return to continue! (Any other key to QUIT)");
if (getchar() I= 'W.n)

getcharo; /1 To let next getchar() work well *
break;

printf("\nEnter the temp table name related to NOT EXISTS :)

gets(buff);
strcpy(tempjable2, buff);
itibuffer(buff,OO);

printfC'\nlease enter your join condition\nrbetween )
if (Jill )
pnintf("%s and ", tempiable 1);
if(MAl)

printf("the appropriate table and")
pnintf("** %s **:,tenipjable2);

gets(buff);
strcpy(join-for-nested, buff);
itibuffer(buff,OO);

break;
case '3'

clr-scro;
printf("\nYour Selection is tablel IN table2");
printf("\Nafit Return to continue! (Any other key to QUIT!)");
if (getchar() != '40~'

getcharo; P* To let next getchar() work well ~
break;

printf("ifninter the temp table name related to IN :)

194



gets(buff);
strcpy(tempjable2, buff);
innt_buffer(buff,OO);

printf("\nMEnter attribute for )

if (m==l)
printf("table %s", temp...able 1);
if(mn>l)

printf("the appropriate table");
printf(" for condition of IN :)

gets(buff);
strcpy(condition forj-nested, buff);
init _bufferbf,0)

printfC'\nMTable ** %s **", temp...able2);
printf("\nSELECT ATTRIBUTE (only one attribute!) :)

gets(buff);
strcpy(attribute forjinested, buff);
init-buffer(buff,100);
break;

case '4'
clrscrO;

printf("\nYour Selection is table 1 NOT IN table2");
printf("\nHit Return to continue! (Any other key to QUMT)");
if (getchar() I= 'Wn)

getcharo; /* To let next getchar() work well *
break;

printf('nm&,me.- the temp table namet related to NOT IN :)

gets(buff);
strcpy(tempjtable2, buff);
itibuffer(buff,OO);

printf("vn\nEnter attribute for")
if (m--l)
printf("table %s", temnp_..table I);
if(MAl)

printf("the appropriate table");
printf(" for condition of NOT IN :)

gets(buff);
strcpy(condition forjinested, buff);
itkbuffer~buff,1OO);
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printf("4nMTable **%s * ",ternpj..able2);

printf(",mSELECT ATTRIBUTE (only one attribute!) :)

gets(buff);
strcpy(attribute for _nested, buff);
init~buffer(buff, 100);
break;

case '0':
clr scro;

pnintf(I#\nyour Selection is NORMAL RETRIEVAL");
printf("\nfit Return to continue! (Any other key to QUIT!)");
if (getchar() != "Wn)

getcharo; /* To let next getchar() work well ~
break;

break;
1/4' End of switch /

/4*/ /41 End of while choice 1= '0' /

return(choice);
return(temp..table 1);
retum(temp-table2);
return(tempjable);

This function checks if any attributes with aggregate functions exist in the attributes
entered by the user.

char cbeck-aggregate(buffer, tmnp, aggregateJound)
char buffer[13];
char tinp[3J;

int i =0;
it jj 0;

for Wjj=0;jj<3;jj++) I
if (buffer[i]==40) I

hj=1000;

elsefI
tmpWj]=buffer[i];
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/* end for i < 3 *
tmp[3]='\O';

i f
((strcmp(tinp,"cnt")=O)I(strcmp(tmp,"sun")=)1I(strcmp(tmp,"avg")=-O)II(strcmp(tmnp
,"miin"l)==O)II(strcmp(tmnp,"max" )==O))

aggregate-found=TRUE;

return(aggregate-jound);

When there is an aggregate function among the attributes entered by the user, this
function separates the attribute from the aggregate part.

char getattribute(buffer, attribute)
char buffer[ 13];
char attribute[I3];

int i = 4;
int j;
for (j=Oj<13;j++)I

if (buffer[iJ=41)f
attributeUJ= WJ;
j=-100;

else
attributeUj]=buffer[i];

I/*' end for j < 13 *
return(attribute);

When mod is modify mode (MODMODE) this function is the main function calling
other other functions to delete the tuples from the related media tables.

void deletejfor...modify(r)
int r;

int j-Ok=-Ojl=O,temp;
char char value(2 1 ,a;
char filejiame[201;
int integer-valueinedia..yaluefoundtmdial..yalue;
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int imn-value, so-value;
int desiredjuple;
float real-value;
int i=-O,select=0O;
int c=O;
desired_tuple--r;
prinf0'nTuple # %d is being deleted now ...... desired~tuple+l);

sleep(2);
/* # line 3169 "db.sc" * / */ select *

U1sqlnit((char *)Q);
Ilwritedb("retrieve unique(c=(count(");
Ulwritedb(ternpjable);
llwritedb(".")
Uwritedb(satt(0J.a~name);
Uwritedb(")))");

if (Jlerrtest() = 0) 1
if (flnxtget() I= 0)

llretdomn(1 ,30,4,&c);
11* llnextget */

UlsqFlush((char *)0);
1/*' Ierrtest ~

1=-0;
if (C==0)

printf(\NaPress ENTER to coninue.');
a7-getcharo;
return;

/*' # line 3171 "db.sc" *1 /* host code *
if (IlcsrOpen((char *)0,"cursor-output","dbl",0,temp-jable) I= 0)
Uwritedb("retrieve (");
for (select=0;select<n-1;select++)

IUwritedb(satt~select.jiame);
1Iwritedb("=");
llwritedb(temnpjable);
Ulwritedb(".");
U0writedb(satt[slect....namne);
Ulwritedb(",");

llwritedb~satt[select] .aname);
llwritedb('=");
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llwritedb(temp..able);
llwritedb(".");
llwritedb(satt[select] .a,.name);
ll~writedb(")");
llcsrQuery((char *)0);
11* IlcsrOpen *

printfC'Na");
look-more=0O;
1=-0;
if (c==0-)

look _more=1;

/* Fetch the cursor to the tenipjablerelation which is the intermediate table
hold the tempjablefrom the query, then print out the tuple one at a time until no

more record to print to the user
while (looik.more = 0) (

if (UcsrFetch((char *)O,"cursor -output","dbl ") I= 0)
if (desired..uple = M)

printf("record id %d Yt",1+1);

for (i=0O;i<n;i+i)
if (strcmip(satt[iJ.datajtype,"c20")==0)

IlcsrRet(1 ,32,0,char value);
if (desirec-tuple == 1)
printf("%s : %s",satt[i].a..name,char..alue);

if (strcmp(satt[iJ.data type,"integer")==0)
llcsrRet(l ,30,4,&intege...value);
if (desiredjtuple = 1)
printfC'%s : %d ",satt[iJ.gaiam,integer..value);

if (strcmp(satt~iJ.datatype,"float")==0)
lcsrRet( 1,31 ,4,&real..yalue);
if (desired-tuple ==1)
printf("%s : %8.2f ",satt[i].a...namereaLy.alue);

if (strcnip(satt~iJ.data type,"irnage")=0O)
IlcsrRet(lI,30,4,&media-value);
if (desirec-tuple = M)
im_value--media value;
printf('%s id is %d ",satt[iJ.a...name~Media..value);
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if (strcmp(satt[i] .datajtype,sound")-=O)
licsrRet(l ,30,4,&mnedial-value);
if (desiredjuple = I)I
so-value--meclial-value;
printf("%s %d",satt~iJ.a~namemedial-value);

/*t end for select < n*/
printfC'\.n");

UcsrEFetch((char *)O); /* fetch the next record to the cursor ~
1+s+; /I increment I as the counter */
if (l=c) ( /* check if no more data to print *

look..more =1; /* exit of the loop *

* 1'IcsrFetch ~
/end while *

UlcsrClose((char *)O,"cursor...output" ,"dbl"); /" close the cursor ~
printfC'Press ENTER to continue..)
ar- getcharo;
/* this for the check for the media selection *
if (C==O)

i=-9999; /* if no record for the media data not process any thing *

for (i=-O;i<n;i++)(
if (tcnp(satt[i.datajtype,"image")==O) I
if (iniage-flag=1TRUE) I

stcpy(table..array[table-index.table.nam, satt[i] .tLame);
found = checkj ablejiameo; /* search for the media name *
table.,cursor = table..entry;
strpy(edia.name,satt[i....name);
get...medA-nameo;
printf('nThe media data from the media table* %s is being deleted

now ..."*, media...name);
sleep(4);
mod-get-04.image(i, im..yalue);

if (strcmp(satt[i.data..type,"sound")==O)
if (soundjlag--TRUE) I

strcpy(table...aayttable-indexJ.table -name, sattfiJ .tjame);
found = check -table-nameo;
table-cursor = table-entry;
strcpy(mdia...nanie,satt[i.iname);
getmedia~nameo;
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printf("\nThe media data from the media table *** %s ***' is being deleted
now....., mediajiame);

sleep(4);
mod-get-ridsound(i, so-value);

/* end for select < n*'/
printfC'*ii");

When mode is MODIFY, this function gets sound file attributes from the related media
table.

get snd_file..atts(media-jiame, i, value)
STR_name media~jiame;
int i;
int value;

it entry;
char sound-value[20];

mnt att_cursor,
int desired tupleno;
char queiy-phrase[DESCRLEN+l j,

in...phrase[DESCRLEN+l];
int j=-O, k, c, pid, query..err, queryjen, injlen, f..fiagjlook...ore=O;

char ISfn.FILENAMELEN+1];
char ISdescrl (DESCRLEN+ 1];
it ISeiror;

STR-jpath file-name;
STR~descrp nothing;

14char temp..file[lOO; /* Declare more to avoid bus error ~
int show..pid, wait..pid;
union wait status;
it sid = 0;
it pp=0;

int qq=-O;
int res=0O;
it sz=0;
it s,-rate-=O;
it enc;
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it dur=-O;

inttostr(value, sound-.value);

lisqinit ((char *)O);
llwritedb("retrieve unique(pp--(count(");
Llwritedb(tempjable);
lwritedb('.");

Uwritedb(satt~iJ-a-namne);
Uwritedb("))W');
IlsqRinit((char *)O);
if (llerrtesto==O) (

if (Ilrixtget() !=O0)
Ilretdom(l1, 3 O,4 ,&pp);
I
U1sqFlush((char *)O);

if (llcsrOpen((char *)EJ,I'curoroutput8","db3",Oimediaam) I= 0)
Uwritedb("retrieve(ISfii5=');
19writedb~mediA...name);
lwnitcdb(".");
llIwritedb('fJd,ISdescrl=");
Ulwritedb(rnedia_namne);
U9writedbC' .dscrp,");

Ilwritedb("res=");
UIwritedb(mediajiame);
Uwritedb(".");
Ilwritedb("resolution,");

llwritedb("sz=");
Uwritedb(media name);
Ilwritedb('.");
U1writedbC size,");

Ulwritedb('s..rate=");
Ulwritedb(mediajiamne);
Uwritedb(".");
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U~writedb('samp..rate,");

llwritedb("enc=");
llwritedb(mediajiame);

Uawritedb("encoding, )

llwritedb("sid=");
Uwritedb(media name);
Ilwritedb(".");
llwritedb("s-id,");

Ilwritedb("dur--");
llwritedb(mfedia -name);
Ilwritedb(".");
ilwritedb("duration");

Uwritedb(")');
Ilwritedb(" where )

U1writedb~nediajiarne);
llwritedb(" .s_id=");
llwritedb(sound -value);
IlcsrQuery ((char *)O);

pp=1 ;

while (look _more==O)
if (UcsrFetch((char *)O, "cursor...output8","db3") I= 0)1

UcsrRet(l ,32,0,ISfn5);
UlcsrRet(l ,32,0,ISdescrl);
llcsrRet(l ,30,4,&res);
LlcsrRet(l ,30,4,&sz);
HcsrRet(1I,30,4,&s,_.rate);
ll1csrRet(l1,30,4,&enc);
lIcsrRet(lI,30,4,&sid);
llcsrRet(1I,30,4,&dur);

strcpy(filejiame, ISfn5);
strcpy(sndjrecord[snd..jndex].fid, file-namne);
strcpy(descrp, ISdescrl);
strcpy(sn&.record[sndjindex].descrp, descqp);
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snd~record[snd index].resolution = res;
snd~record~snd index].size = sz;
snd~record~sndjndex.samp..ate = s..rate;
snd -record[sndjndexJ-encoding = enc;
snd_record[sndjindex].sjd = sid;
snd_record[sndjindex].duration = dur,

snd-value[snd indexJ=snd -record[sndjindex]. -d/*--*
aft~array Iatt~ursorJ .value...entiy=sndjndex;

printf("\ai");
ll[csrEFetch((char *)0);

if (qq==pp) I
look more = 1;

UcsrClose((char *)(J,"cuijoroutputg","db3");

init -buffer(soundvalue, 20);

When mode is MODIFY, this function gets the image file atts from the related media
table.

getjilejd(media~pname, i, value)
Slt~,ne media..naie;
int i;
int value;

nt entry;
int aftcursor
int desired~supleno;
it k=-O, j=0, look -more=O;

char ISfni [FILENAMELEN-Il];
char lSdescrl (DESCRLEN+ 1];

char image~value[201;

in hght =0;
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it wdth =0;

int dpth =0;

int uid = 0;

STR-path f-name;
SIR Idescip nothing;
char tempjile[l0O]; /*' Declare more to avoid bus error ~
struct pixrct *pr;
colormapjt cm;
int show...pid, wait~pid;
union wait status;
it over-length = TRUE; /* Initialize to true ~

cm-type = RMTNONE; /* this is absolutely necessary! Otherwise *
cm.length = 0; /* pr-joad -colormap might not allocate storage ~
cm-map(0J = NULL; /* for the colonnap, if the garbage found in
cm.map~lJ = NULL; /* the cmn structure seems to make sense. T'he *
cm-map[21 = NULL; /* result, of course, is segmentation fault. ~

inttostr(value, image..yalue);

Usqlnit ((char *')O);
U9writedb("retrieve unique~ck=(countC');
llwntedb(media~name);
llwritedb(".");
Ulwntedb("i-id");
U1writedb(")))");

if (UIefrtesto==O) I
if (Ilnextget() 1=0)
Elretdom( I,30,4,&k);
I
UlsqFlush((char *)O);

if (Jl[csrOpen((char *)O,"cursor-outputl","db",0,medianane) !0)
IUwritedb("retrieve(JSfnl =");
11writedb~media namne);
.Uwritedb(' *);
IUwritedb("fidISdescrl=");
Uwritedb(media-nane);
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llwritedb(" .descrp,");

ll1writedbC'hgbt--");
llwritedb(media .name);
Ilwritedb(".");
llwritedbC'height,");

Uwritedb("iid=");
Uwritedb(mediaji.ame);
Uwritedb(" .');
U0writedbCid,");

Uwritedb("wdth=-");
1lwritedb(media - ame);
Uwritedb(".");
Ilwritedb"width,");

Uwritedb("dptb=");
lwritedb(rmdiA nam);
Ilwritedb(".")
U1writedb("depth");

Uwritedb(")");
Ilwritedb( whe're )

Ulwritedb(medsaname);
Ilwritedb('.");
fl1writedb("i -id");
Ilwritedb("=");
llwntedb(iage,.value);
flcsrQuery ((char *)O);

while (look -more=-O)
if (UcsrFetch((char *)O, "cursor-outputl","db") I= 0)

IUcsrRet(1I,32,ISfnl);
IUcsrRet(lI,32,0,ISdescrl);

Ucsrket(lI,30,4,&hght);
IlcsrRet(I ,30,4,&iid);
llcsrRet(1I,30,4,&wdth);
UlcsrRet(1I,30,4,&dpth);
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strcpy(Lname, lSfn I);
strcpy(imngjecord[img-index]f-id, fname);
strcpy(descrp, ISdescrl);
strcpy(imgjrecord[imgjndexj.descrp, descrp);
img-ecord[img-ndex] -height = fight;
iingjecordimgj&_ndexj.i d = uid;
imgjecord[imgjndexJ.width = wdth;
imrigrecordiig-ndex-depth = dpth;
/I --- ---------------- - */
imngvalueingdexJ-ngrecord[imgndex] .Lid;
tanrry [atLcursor] .value..enty=imgjindex;

printfC'Na");
llcsrEFetch((char *)0);

if (j==k)I
look-more =1

ilcszClose((char *)0,"cursoroutputl ","db");

/* Pritf(nimg-ecordfisng-nx.i-id =>%d",imrecojrd[img~index].-Lid);
Pfin("4hnLrecordlincexl.f_id =>%s",imgrecord~imgindeJ.jid);

printf'imllrecord(igindxJ.descrp =>%s",imgjrecord~img-jndex.descrp);
sleep(l);*/
iniLbuffer(image-value, 20);

When mode is modify, this function helps user modify the tuples in the result table one
by one.

process..tuple...bytuple(r)
int r,

int entry;
int desiredjtuple;
char c -tempf 601;
int count=0O;
int j=0,k=-0,l=0temp;
char char _value[21J],a;
char file-name[20J;
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int img-value, snd-value;
int integer-value media-value,found,medial -value;
float realvalue;
int i=-O,select=0O;

int g=0O;
int d;
i-valueiindexJ=-O;
desired -tuple=r;
printf("\nTuple to be modified :: Tuple # %d ",desired-tuple+1);

sleep(3);
/* # line 3169 "db.sc" */ /*h select ~

IHsqlnit((char *)0);
Ilwritedb(,'retrieve(g=(count(');
llwritedb(tempjable);
Ulwritedb(".");
llwritedb(satt [0].aname);
Uwritedb(")))");
llsqRinit((char *)0);
if (llerrtest() == 0)

if (linextget() != 0) 1
llretdom(1I,30,4,&g);

11* Ilnextget */
IlsqFlush((char *)0);
t'* Uerrtest *

if (g==0)
printf'Wnress ENTER to continue...");
a=getcharo;
return;
I

f* # line 3171 "db.sc" */ /I host code /

if (llcsrOpen((cbar *)0,"cursor...output","db2",0tempjable) I= 0)
llwritedb("retrieve(");
for (select=0O;select'zn-l1;select+s+)
Uwrftedb(satt[selectj.A_name);
]lwritedb("=");
ilwritedb(temip-table);
llwritedb(".");
llwritedb(satt~select].a~name);
Hlwritedbf i');
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llwritedb(satt~select].ajiame);
Uwritedb("=");
Hwritedb(temnp table);
Ilwritedb(".");
Ilwritedb(satt~selectJ-k-aime);
Iwritedb(")");
UcsrQuery((char *)0);
)/* csrOpen*

printf("\n");
look-more=O;
1-=0;
if (g=-0)

look-more=1;

table-cursor = table...entry;
count=0;
count = table-affay[tabl...list~tables-ursorlj.att count;
aftcursor = table-anay[tablejist[tabesumrsorJ.at..entry;
act-rmedia count = 0;
iLindex=0;,
c-index=0O;
/* Fetch the cursor to the result relation which is the intenmediate table

hold the result from the query, then print out the tuple one at a time
until no more record to print to the user *

while (look _more = 0) (
if (llcsrFetch((char *)0,"cljrsor -output"db2") I= 0)

if (desiredj-uple = M)
printf('record id %d \t",l-e-);

for (i=0O;i<n;is+)
if (strcmnp(satt[i].data..type,"c20")==0)

UlcsrRet( 1,32,0,char..value);
if (desireCtuple = 1)f

printf("%s : %s",satt[iJ.a..namechary.alue);
strcpy(cjtemp, char..yalue);
smrcy(c..yalue[cjindex], cjemp);
att...array~atcursorJ.value-entry = c..index;
c-index = (c index + 1) % 20;
att -cursor = aftarray [att.cursor].next-index;

if (sftrmp(satt[i].datatjype,"integer")==0O)
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IlcsrRet( 1,30,4,&integer..value);
if (desiredjtuple = I) I

printfC"%s : %d ",satt[i].a nazne~nteger..yalue);
iyvalue[ijndexJ=integer~yalue;
attarray~atLcursor-value -entry = index;
iLindex = (Lindex + 1) % 20;
aft cursor = att.-array [att-.cursorj .nextjindex;

if (strcmnp(satt~i].datajtype,"float")0-)
llcsrRet( 1,31 ,4,&reaLvalue);
if (desireduple == 1)i

printf("%s : %8.2f ",satt[i].ajiamereal~value);

ff (strcmp(satt[i.datatype,"imfage")0=) I
UcsrRet(l1,30,4,&mnedia~yalue);
if (desired-tuple = 1)(

imgvalue=media value;
printf("%s id is %d ",satt~i].ajiaiemedia~value);

if (strmp(satt[i].data type,"sound")==O)4
llcsrRet(l1,30,4,&medial -value);
if (desiredjtuple = 1)M

sncL~value=medial...alue;
printf("%s %d",satt[i].anameimdialvyalue);

1/4 'end for select n*/
printfC"'\n);
llcsrEFetch((char *)O); P' fetch the next record to the cursor *
14-i; /* increment 1 as the counter */
if (1=g) I /* check ifno more data to print/
look-more =1; /* exit of the loop/

I/*' lcsrFetch ~
/*f end while */

IlcsrClose((char *)0,"cursor..output" ,"db2"); /* close the cursor ~

printf("Press ENTER to continue .;

a= getcharo;
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for (i=-O;i<n;i++)
if (strcmp(sattli].data-type, ofixnage")-==O)I

strcpy(table-array (table..jndex] .table.-name, satt[i] .t-name);
found = checlk_table _namneo; /* search for the media name ~
table-cursor = table-..entry;
strcpy(media name,satt[iJ.a..namne);
get-mediaL-nameo;
printf("\nThe attribute values will be read from the media table %s", media.-name);
sleep(2);
get.ilejd(media.name, 1, unmvalue);
printf("Press ENTER to continue..)
a=- getcharo;
att- cursor = atn_mfay~attcursor].next._index;
media-counter++;

6 media-value-O;/*-----------~*/

if (strcmp(satt[i].datajype,"sound")-=O)
strcpy(table _array~tablejindexJ.table _name, satt~iJ.Ljname);
found = check-table -nameo;
table-cursor = table--entry;
strcpy(nmedia name,satt~ij.aname);
get...media-rnameo;
printf("iilbe attribute values will be read from the media table %s", mediajiame);
sleep(2);
get..sndfie_atts(media-name, i, sndvalue);
printf("Press ENTER to continue.")
a-- getcharo;
att-cursor = atk-affaylattcursor].nextjndex;
media-counter++;

11* end for select < n*I

When mode is MODIFY, this function prints the number of tuples in the result table.

int printjorjnmodify(c)
int c;

f* # line 3169 "db.sc" ~'/'select *
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llsqlnit((char *)0);
Ulwritedb("retrieve(c=(count(');
llwritedb(temnp-able);
U1wntedb(".");
llwritedb(satt(0J.ajiame);
Ulwritedb(")))');
llsqRinit((char *)0);
if (flerrtest() == 0)

if (Unextget() 1= 0)1
Ilretdom(l1,30,4&c);
/* Ulnextget */

IlsqFlush((char *)0);
/* IUcritest /

printfC"Na*** THERE ARE %d RECORDS (TUPLES) TO BE MODIFIED ***",c);
printf("Nn(You will be queried for modifying each tuple)");
sleep(3);
retumn(c);

When mode is modify, this function deletes the modified tuples from the tables.

void deletejonnattd~part-jor modify()

int i;
pnntfC'"iiThe tuples thiat match the delete query are being deleted from table %s ***

now",satt[0J.tjiame);
printf('n res ENTER to continue");
angctcharo;
Ilsqlnt((char *);
U1writedb("delete ");
U1writedb(satt[0J.tjiame);
Uwritedb(" where ");
for (i=-O; icn-I; i++)(

IUwritedb(satt[0J.t..name);
Ulwritedb(".");
Ulwritedb(satt~iJ.a~name);
llwritedbC'=" );
Uwritedb(tempiable);
Ilwritedb(".");
U1writedb(satt(iJ.ajianie);
llwritedb(" and")
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llwritedb(satt[O] .Lname);
Uwritedb(".");
Uwritedb(satt [ii.aname);
Uwritedb("=" );
Uwritedb(tempijable);
Uwritedb(".");
flwritedb(satt~iJ.ajiazne);

Uwritedb(" ");
UsqSync( 1,(char *);

This function, when mode is DELETE, deletes the modified topics from the related media
tables.

get rid-image(imageno)
it imageno;

llsqlnt((char *)O);
Uwritedb("delete ");
llwritedb(media-name);
llwritedb(" where ");
Uwritedb(media-name);
llwritedb(".');
U1writedb("i..id =)

Ulwritedb(tempjable);
nwritedb(".");
Uwritedb(3att[iMAgeno].a,.naMe);
Ulwritedb(" ");
U[sqSync(l,(char *)O);

This function, when mode is MODIFY, deletes the modified tuples from the related media
tables.

modget-i~mage(imageno, value)
int imageno;
int value;

char niedia..yalue[20J;
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inttostr(value, media..yalue);

Ilsqlnt((char *)O);
Uwritedb("delete")
llwritedb(mediajiame);
Uwnitedb(" where ");
llwxntedb(mediAjiame);
U~wrizedb".");
Ilwritedb("ijid');
llwritedb("=" );
Ilwritedb(media-value);
flwritedb(" ");t
UsqSync( 1,(char *)O);

This function, when mode is DELETE, deletes the modified tuples fromn the related media
tables.

get--rid-sound(soundno)
int soundno;

Hlsqlnit((char *)0);
Uwritedb("delete ");
ll1writedb(mediajpime);
Uwritedb(" where ");
Ilwritedb(media..name);
Uwritedb".");
U1writedb("sjd =)
llwritedb(tempjtable);
lwritedb(".");
llwritedb(satt[soundno.jiame);
Ulwritedb" ");
IlsqSync(l1,(char *)O);

This function, when mode is MODIFY, deletes the modified tuples from the related media
tables.
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mo-get-ri~sound(soufldfo, value)
int soundno;
mnt value;

char sound..yalue[20J;
inttostr(value, sound..yalue);

llsqlnit((char *)0);
llwritedb('delete ");
Ulwritedbmedia-nname);
Ilwritedb(" where "t);
llwritedb(media-pname);
UlwritedbCV.);
U.writedb(sjd");
U1writedb("=" );
llwritedb(sound-value);
IlWritedb(' ");
ll[sqSync(1,(char *)0J);

When mode is DELEE, this functions is the main function calling other functions to
delete the tuples frm the related media tables.

void qlprint delete_data()

it j=Ok=O-0l=O,temp;
char char..value[21J,a;
char file-.namne[20J;
int integery-.aluemda....value,found~medial.value;
float reaLvalue;
int i=-O,select=-O;

it c=O;
/* # line 3169 "db.sc" *1 /* select *

JIsqlnt((char *)IJ);
Ilwritedb("retrieve unique(c=-(count(");
Ilwritedb(tempj-able);
Ulwritedb(".");
UIwritedb(satt[OJ.a~namne);
Ilwritedb(")))");
UlsqRmnit((char *)4J);
if (llerrtest() = 0) 1
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if (llnextget() != 0)
letdom(1I,30,4,&c);
/i" llnextget */

llsqFlush((char *)0);
)/* llerrtest *

printf('NThere are %d records that match the DELETE query",c);
if (c==0)I

printf("\nress ENTER to continue...");
a--getchar();
return;

/* # line 3171 "db.sc" / I host code *
if (llcsrOpen((char *)O,"cIuzsor output","dbl,,temp..able) I= 0)
Ulwritedb("retrieve (");
for (select=0O;select<n-1;select++)

Ilwritedb(sattlselect].z name);
Uwrvvitedb("=" );
Illwritedb(temp_ table);
llwritedb(".");
llwritedb(satt[selectj.a name);
Iwritedb(",");

llwritedb(satt[select].a namne);
Uwrritedb("9="9);
Ilwritedb(tenp table);
Uwritedb(".");
Ilwritedb(satt[selectJ.a name);
ilwritedb(")");
-UcsrQuery((char *)0);
1/* UcsrOpen *

printfCIn');
look-more=-0;
1=-0;
if(c==O)

look _more=l;

/* Fetch the cursor to the temp-tablerelation which is the intermediate table
hold the tempjtablefromn the query, then print out the tuple one at a time until no

more record to print to the user
while (lookmore = 0)1

if (llcsrFetch((char *')0,"cursojr output",'dbl") != 0)1
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printfC'record id %ld \t",1+1);
for (i=-O;i<n;i++)

if (strcmp(sattliJ.data type,"c20")-==O)
UcsrRet(1 ,32,O,cha.yalue);
printfC'%s : %s" ,satt~i] .aname,char.yalue);

if (strcmp(satt~i].data type, "integer" )==O)
llcsrRet(1 ,30,4,&iteger..value);
prmntf("%s : %d ",sattliJ.a.name,integer..yalue);
I

if (strcmp(satt[i].data type,"float")-=O)
IlcsrRet( 1,31 ,4&reaLvalue);
printf("%s : %8.2f ",satt[i].anamereaLvalue);

if (strcmp(satt~iJ.data type,"image")==O)(
UcsrRet(1 ,30,4,&media..value);
printf('%s id is %d ",satt[i].A_name,media.yvalue);

if (strcmp(sattiil.data type,"sound")==O)
UlcsrRet(lI,30,4,&medial-value);
printf('%s %d" ,satt~iJ.an..nmnedial-value);
I

I/*' end for select < n*/
printf("sn');
llcsrEFetch((char *)O); /* fetch the next record to the cursor *
1+-i; /* increment 1 as the counter */
if (1==c) I I"' check if no more data to print *

look-more =1; /* exit of the loopf

/* llcsrFetch /

/* end while */
UcsrClose((char *)O,"cursozzoutput","dbl"); /* close the cursor ~

printf("Press ENTER to continue ..");
1* stop before change to the next function so

the user can see the temnpjableon screen, until he hit ENTER key *
a- getcharo,

/* this for the check for the media selection *
if (c==O)

i=9999; f* if no record for the media data not process any thing *

for (i=-O;i<n;i++)I
if (strcrnp(sattliJ.data-type,"image")=-O)I
if (iniage-flag=-TRUE) (

strcpy~table...arraytable...indx.tableji-ame, satt~iJ .t..name);
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found = check -table-nameo; /* search for the media name ~
table-cursor = table..entry;
strcpy(media.pame,satt[iJ....name);
get-media--nameo;
printf(Nnmedia-name--> ***%s***", mediajiame);
sleep(2);
ge:..ridjznage(i);

if (strcnip(satt[iJ.data type,"sound")==O)
if (soundj- lag==TRUE)l

srCPY(table..affay[table_index] .tablejiame, satt[i].tname);
found = check-table_nameo;

table-cursor = table..entry;
strcpy(miediajiam,satt[iJ.amiame);
get-.medisanameo;
printf('ft\nmedia-name--> *%s***", inedi pnm);
sleep(2);
ge~id--sound(i);

11* end for select < n*/
printf(');

When mode is MODIFY, this function checks the media desription if the media data is
modifed.

in: mod-cbk..escription(flej-d, descrp, errjnmessage)
STRpah *fle-id;
STR.descrp *descrp;
char *errfmessage;

in: i=-O;
int error = FALSE;
while (i<1 && !error)l

*eqmessage = V';
if (strcmp(descrp, " ") != 0)

error = connectj-parser(file-id, descip, err-message);

i++

if (error)
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printf("nThe description for media is NOT acceptable!");

if (error = DESCRWORDERR)
printf("iThe system cannot understand the word >>%s<<", errmessage);

else
if (error = DESCRSTRUCTUREERR)

printf('"nThe system cannot interpret the phase\n >>%s<<",
err_message);

else
printf("nIThe program error occurred in prologl\n");

printf("anPlease modify it. Thank you!");
putchar(V\07');
while((c=getcharo) I= "\n')

return(TRUE);
I

else
retum(FALSE);)

Gets all atts of a given table and puts them in satt array for retrieving all the attributes
of that table.

void get.all_atts of_agiven_tableO

int i = 0,
count = 0;

count = table-array[tablejist[table cursor]j.attcount;
n = count;
attcursor = table_array[tablejist[table-cursor].attentry;
for (i = 0; 1 < count; i++) /' Loop to get value for each attribute */

I
strcpy(sattt[i].tLname, stab[0].tname);
strcpy(satt[iJ.a name, att.array[att.cursor].att~name);
strcpy(satt[i].datatype, atLarray[atLcursorj.datatype);
atcursor = att_array[atcursor].next-index;

1 /* End of for loop */
/* End of get-tuple-value */

The main procedure for the retrieve operation
m and n is the parameter for table and attribute repectively
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For retrieve table name and attribute name from the user
This function also handles DELETE and MODIFY operations

void retrieve(mode)

int entry;
int count;
int h,r,flag=TRUTE;
int o, u;
char bufl)[131;
char bufl(13J;
char buf2[13J;
char buf3[13J;
char buf4[13J;
char temp[3];
char aggregateO(3];
char aggregate 1 [3J;
char aggregate2(3];
char aggregate3[3];
char aggregate4[3];
int ijx,yz,found=0O;
int levelno=0, counter--I;
char table -name [20] ,attname[20],att jype[20],AnsMore,a;
char choice;
init -buffer(buff,100);
init -buffer(temrpjable 1,20);
init--buffer(tempjable2,20);
init -buffer(ternpjable,20);
choice='0';

gcond=-0;
numcon=0O;
aggregate_ound=FALSE;
more,_selections=TRUE;
more-levels=TRUIE;

inito;
drop-temp media-tableso;

while (morejlevels != FALSE)1
while (more-selections != FALSE)(
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initbuffer(buff, 100);
printf("\iEnter table name to hold the temporary result of the query: ");
gets(buff);
strcpy(temp-table, buff);
init.buffer(buff,100);

helpjtables(buff);
while (i<=tablecount) (/* check loop with the maximum number table */
for (j0--;j<13;j++) /* each table has less than or equal to 12 char only */

I
if (buff[k]-44) I

stab[i].tnameUj= 'V)';
j=55;
k=k+ 1;

else f
if (buffrk]-'')
j=55; 1* Skip the white space if the user typped in*/
else
stab[i].t.nameUj=buff[k];
if (buff k ---O) I /* if null value in buffer (end of string) */
m=i+ 1;
j=55;
i=lO00;

k=k+ 1;

)/*end while*/

strcpy(temptable 1, stab[O].tname);

for (i=O;i<n;i++) I
strcpy(table..array[table..index].table.name, stab[i].Lname);
found = checktablenameo; /* search for the media name */
if (!(found)) (

/ check for the valid table name if not found then return to calling program */
putchar('W07');
printf("SnTable %s not found please redo again !!!" ,stab[i].t_nawc);
printf("Nxess ENTER to continue !!");

a=getcharO;
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return;
/*' end else *

f* end for loop *

/* Specify the join condition if there are more than 2 table select *
helpjoino;

/* Select attribute *
init -buffer(buff,100);

= 0;
j =0;

k =0;

x =0;

z =0;

if (mode = RTRVEMODE)(
/* Select attribute for one table at a time/
for (y=-O;yejm;y++) I

printf('NaTable %s ", stab~iyJ.tLname);
strcpy(buff,"?");
while (strcmp(buff,"?")==0)

printf("nSelect the attribute(s) separated by comma <,> - <I> for HELP I -nuhit
<ESC> for no attribute");

printf('WSELECr ATITRBUTE(S):
gets(buff);
if (strcmnp(buff,"?")==0)

p-at(stabty.t-name);
/t end if buff=""'

P end while need help *

while (i < 100) 4
for (j=0j<l 13j++)

if (buff[kJ==27)
goto, start~again;
I
if (buff~kJ=--44)
bufDU]= VSO;
strcpy(satt[xJ.t nam, stab~y].t..name);
initjbuffer(temp,3);
init-buffer(aggregate0,3);
u--x.
aggregatejfound--FALSE;
aggregatej)und=check-aggregate(bufU, temnp. aggregate-found);
printf("nm");
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strcpy(aggregateO, temp);
if (aggregatejound=TRUE) I

get-atribute(buV, satt[uJ.a...naine);
printf("\n");
if (strcmp(aggregateO,'cnt")==-O)

satt[u].aggregatej__ype=l;
if (strcmip(aggregateO,"sum")-==O)

sattlu.aggregate-type=2;
if (strcmp(aggregateO,"avg")=-O)

satt[uJ.aggregate-type--3;
if (strcmp(aggregateO,"max")==O)

sattluJ.aggregatejtype=-4;
if (strcnip(aggregateO,"min")-==O)

satt[uJ .aggregatej-ype=5;
pitf"'\n);

if (aggregatejound==FALSE)(
strcpy(satt~uJ.A-name,buffO);
satt[uJ.aggregatejype=O;
printf(",n");
clr scro;

j--55;

k=k+ 1;

x--x+ 1;

elseI
if (buff~k] ='

j--55; /* Skip the white space if user typped in ~
else I

bufOUJ=buff[k];

if (buff[k]=-O)
q ~strcpy(satt[xJ...name, stab~y].tjiame);

init -buffer(temp,3);
initbuffer(aggregateO,3);
u--x;
aggregate-found=FALSE;
aggregate -found=check-aggregate(buffO, temp, aggregateJound);
printf'Nn");
strcpy(aggregateO, temp);
if (aggregate found=TRUE)(
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get-attribute(bufU, satt~u].ajLamne);
printf(",n");
if (strctnp(aggregateO,"Cnt")-O)

satt[uJ.aggregatejtype= 1;
if (strcrnp(aggregateO,"sum")-O)

satt~uJ.aggregatejtype= 2 ;
if (strcmp(aggregateO,"avg)O)

satt[u].aggregate...type=3 ;
if (strcmp(aggregateO, 1maxle~):=

satt[uJ.aggregate .. typeC4 ;
if (strcmp(aggregateO,"mlin")-O)

sattu.aggregatetype=5 ;
printf('Nn);

if (aggregate - ound=FALSE) i
strcpy(sattlul.a.nae,bufO);
sattluJ.aggregatejype=O0;
printf("Sn");
dlr-scrO;

n--x+1;
j=55;
i=1000;

k-k+ 1;
I /* end else *
1* end forji <13 *

)/*end while /

startagain:
k=-O;
itibuffer(buff,100);

i=-O;
J/* End select attribute for each table go to the next table */

cdr-scrO);
for (i0-;i<n;i++) I

printf('\n%s.%s", satt~i].tLnamesatt[i] .aname);
getatttype(satt~iJ.Lname,satt[iI .a...nam,satti.data~type);

1* closure of ifmod ret *1
if ((mode=--DELMODE) 11 (mode=-MODLMODE))(
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table_cursor = table-.entry;
get..aUl atts_of_.givenjtableO;

printf('"\n");
cond=0O;
printfC"niAny condition ? (yin) :)
Ans--yes -no _answero;
if ((Ans= 12l1 )(Ans==89)) I
choice--nestec-processcondition(choice,tempiablel ,teinp...able2,tempjable);

if (choice=='')(
ql~retrieve(tempjable);
qklprintdata(temp-.table);

itibuffer(buff,100);

queryJoijntersect -union(choice,teipjablel ,tempjable2,tempjable);
printf("\iMorc selections at this level ? (yin)");
Ans=yes -no -answer();
if ((Ansz=121 )II(Ans==89))(
more_selections=TRUE;
choice='O';
y =0;
j =0;
x 0;

m=0;
mi=O;

cond=0O;
gcond=0O;
numcon=0;
n1=0;
found=0O;
inito;
dropjempnedia..tableso;
init_bufferE~buff,100);
init_buffer(teinp..jablel ,20);
init-buffer(tempj-able2,20);
init~buffer(tempj-able,20);
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elsef
more_selections=FALSE;
printf("W.n);

printf'\nMore levels ? (yin)");
Ans=yes..no....answero;
if ((Ans==1 21 )I(Ans==89))(

more-levels=TRUE;
more-selections=TRUIE;
levelno=level-no+ 1;
choice='O';
y =0;

j =0;

x =0;

Z 0;

cond=0:;
gcond=-O;
numcon=0O;
n=-O;
inito;
dropjemp.xedia-tableso;
init-buffer(buff,100);
init..buffer(tempjablel.,20);
initjbuffer~temp-able2,2O);
init -buffer(tmp..able,20);
found=0O;

else(
more -selections=FALSE;
MoieIevels=FALSE;

/*end while more levels *

if (mode==DEL_-MODE)(
irnage...flag=-TRUE;
sound-flag=TRUE;
printfC\NaDo want to continue with DELETON ? (yin) :)

As=yesno..answero;
if ((Ans-==1 0)II(Ans==78))
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goto qquit;
ql..print delete-datao;
delete-formatte&.partjfor-.modifyo;
dropjable(tempj.able);
image-flag = FALSE;
sound-flag = FALSE;

if (mode==MODLMODE) I
formatteA-flag = FALSE;
imagejflag = FALSE;
sound_flag = FALSE;
h=print_ forjmodify(h);
for (r=-O; r<h; r++) I

formatted -ifag = FALSE;
image-flag = FALSE;
soundjlag = FALSE;
media~counter = 0;
process-tupleibyjuple(r);
mod-isplay-uple(mode, media-counter);
store..data(mode);
mod-qljnserk-tuple(rtode);
att--cursor =0;/*to initialize the value arrays *
img-index =0;

snd~index =0;

index = 0;
f~index = 0;
c-index = 0;
delete-for modify(r);

delete-fomratedpartj-orjnmodifyo;
drop-jable(tempjable);
image..flag = FALSE;
soundjflag = FALSE;

qquit:
printfC',n")

/ * End procedure *
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