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Abstract 

HyperSQL is an interoperability layer that enables 
database administrators to rapidly construct browser­
based query interfaces to remote Sybase databases. 
Current browsers (i.e., Netscape, Mosaic, Internet 
Explorer) do not easily interoperate with databases 
without extensive "CG/" (Common Gateway Interface) 
programming. HyperSQL can be used to create forms­
and hypertext-based database interfaces for non computer 
experts ( e.g., scientists, business users). Such interfaces 
permit the user to query databases by filling out query 
forms selected from menus. No knowledge of SQL is 
required because the interface automatically composes 
SQL from user input. Database results are automatically 
formatted as graphics and hypertext, including clickable 
links which can issue additional queries for browsing 
through related data, bring up other Web pages, or access 
remote search engines. 

Query interfaces are constructed by inserting a small 
set of HyperSQL descriptors and HTML formatting into 
text files. No compilation is necessary because commands 
are interpreted and carried out by our special gateway, 
positioned between the remote databases and the Web 
browser. Feedback from developers who have used the 
initial release of HyperSQL has been encouraging. At 
present, query interfaces have been successfully 
implemented for three major NSF-sponsored biological 
databases: Microbial Germplasm Database, Mycological 
Types Collection, and Vascular Plants Types Collection. 

1. Motivation 

Accessing information stored in biological databases 
helps speed research and is essential to solve complex 
problems requiring data from multiple sources. Such 
databases are not likely to be centrally located, because 
they are typically maintained under the control of 

1060-3425/97 $10.00 © 1997 IEEE 

individual scientists/collectors who know the limitations of 
the data. 

Many large-scale biological collections are stored in 
Sybase databases (e.g., Genome Database, Microbial 
Germplasm Database, National Fungus Collection, Nature 
Conservancy Database). Sybase is a commercial 
relational database management system that employs SQL 
(Structured Query Language). SQL was adopted as the 
standard query language in the scientific community 
because it is an industry standard, is well-defined and has 
a solid theoretical foundation in set theory, and is 
implemented in successful and proven commercial 
products (i.e., Sybase, Oracle, Informix) that run on high­
end UNIX workstations capable of managing large 
volumes of data. 

Researchers in the biological sciences have not had an 
easy time retrieving information stored in SQL databases. 
There are four primary reasons for this difficulty. First, 
SQL requires that users remember too much information 
about database organization. Before users can formulate 
queries, they must remember or look up the names of 
tables and data items, which requires knowledge of the 
database's proprietary command language. Moreover, 
users must determine the logical meanings of the data 
items, which can be frustrating because of cryptic naming 
conventions and the use of synonyms. Often there is little 
more available than an uncommented listing of the 
database schema. These problems are exacerbated when 
tables in the database contain a large number of data 
categories. 

Second, users are forced to use cryptic command-line 
tools (i.e., Sybase isql) intended for database 
administrators. These are based on proprietary command 
languages1 

, present information in a low-level format, and 
are unforgiving of mistakes. Furthermore, to access 

1 Although the vendors of the most commonly used SQL 
databases (i.e., Sybase, Oracle, Informix) adhere to the SQ_L 
standard, they use incompatible tools, programmatic 
interfaces, and command languages. 
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databases at remote sites, scientists must learn additional 
connection utilities (e.g., telnet, ftp). 

Third, SQL itself is terse, error prone, and unfriendly. 
It is easy to misspell a keyword or data name, omit a ')oin" 
clause, or worse, construct a query that returns unintended 
results [Sme95]. We believe it is senseless to expect 
scientists-who have neither the time nor the desire to be 
experts in computer science-to become proficient in SQL 
programming and database theory. 

Last, there is a lack of meaningful feedback during the 
query process [N85]. The chances of a casual user 
formulating a query correctly on the first attempt are slim. 
With command-line SQL, the user must bear the burden of 
determining the exact nature of an error.. Messages are 
cryptic and generally do not reveal the source of the 
problem. 

Since SQL's inception in the 1970s, database vendors 
have virtually ignored the scientific community, instead 
building support tools for business and financial users (i.e., 
inventory, accounting, stock analysis). The need for query 
assistance tools targeting scientific users has been 
expressed by researchers at number of biocomputing 
workshops and conferences [FJP90, ZI94]. To fill the 
need, we worked closely with scientists from the 
Department of Botany and Plant Pathology to develop 
HyperSQL. 

HyperSQL is a development tool for constructing Web­
based query interfaces to SQL databases. Our goal is to 
make it easier for scientists to retrieve information from 
remote scientific databases using common Web browsers 
(Netscape, Mosaic, Internet Explorer), which lack the 
capability to interoperate directly with SQL databases. 
Our software makes it possible to layer browser-based 
query interfaces on top of normal SQL. No modifications 
to either the Web browser or the SQL database are 
required. 

With our software, forms and hypertext-based 
interfaces eliminate direct exposure to SQL and low-level 
database tools. The user queries SQL databases by 
entering search criteria into forms. No knowledge of SQL 
is required because the interface automatically generates 
SQL queries from the user's input. Since the form is 
largely independent of SQL, it can use discipline-specific 
(rather than computer-related) terminology. The results of 
the query are formatted as hypertext, so they can include 
hyperlinks that can be selected to browse the database for 
related information, bring up other Web pages, or access 
remote search engines. 

For query assistance tools, browsers offer several 
important features. They employ a conceptually simple 
hypertext model that even users with little or no computer 
training can easily learn and use. The browser serves to 
replace a number of low-level tools (i.e., telnet, ftp, 
gopher) and provide unified means of displaying data in a 

variety of formats (-i.e., text, tables, images, sound, 
movies); furnish the features necessary to create database 
front-ends-tables and forms (i.e., text boxes, push 
buttons, radio lights, pulldown menus, scrolled lists)-and 
operate independently of both location and computer 
platform. Finally, they are available for free or ;tt a low 
cost. The remainder of this paper is organized as follows. 
Section 2 demonstrates how HyperSQL interfaces are 
used; the following section shows how they are 
constructed. Section 4 shows the organization of query 
files, while Section 5 discusses the architecture and how 
HyperSQL is implemented. Section 6 summarizes related 
work by others. The last section discusses the current 
status of HyperSQL and our future plans. 

2. How HyperSQL Query Interfaces are Used 

HyperSQL query interfaces are constructed by inserting 
a small set of HyperSQL descriptors [NPHM96] and 
HTML (Hypertext Markup Language) [BLCL+94] into 
text files. No compilation is necessary because commands 
are interpreted and carried out by our special gateway, 
positioned between the remote databases and the browser 
software. Operation of the gateway is transparent and 
users need not be aware of its presence. 

A HyperSQL query interface is composed of a query 
menu, query form, results screen, and one or more 
browse screens (Figure 1). The query menu serves as a 
starting point for users, presenting introductory 
information about the database and displaying a list of 
queries, organized by subject. Clicking on one of the query 
selections brings up a query form. HyperSQL 
automatically prompts the user for a password if one is 
required to gain access to the database. 
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Figure 1. Operational model of the HyperSQL query 
interface 
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Querylists 
presents the user 

with a list of 
"allowed" values 

from the database 

The wildcard 
character"*" 

matches all data 
values 

Clears the form 
and restores 

default values 

Submits the form 
to the database 

Brings up a 
• keyword search 

Bacterium Query 

• (slar) IS Ille wldcardcharacter 

Figure 2. Example of a query form ( shown in a Netscape browser) 

The user enters search criteria on the query form 
(Figure 2). He/she can fill in as much information as 
available, or none at all; by default all text fields are 
supplied with wild-cards ("*"), meaning "match 
everything." A row of standard buttons are automatically 
provided at the bottom of the form. The Retrieve 
button submits the form and returns results. Clear erases 
any information entered into the form, replacing them with 
default values. 

The pulldown menu located next to the Clear button 
is used to limit the number of results returned from the 
query; by default output is limited to 25 records. Clicking 
the Keyword Search button brings up a form that 
accepts a text string to be located by searching all data 
fields. For later reuse, forms containing favorite or 
frequently used sets of values can be saved by selecting 
"Add to · Bookmarks" (or equivalent) in the browser. 

HyperSQL query forms supports "query refinement," 
allowing the user to fill in fields incrementally by selecting 
from "querylists" (lists of allowed values). Querylists are 
useful when the user does not know what the database 

contains, or simply wants to select from a list of values 
rather than typing. 

HyperSQL also supports keyword search, making it 
possible to locate records that contain keyword(s) within 
any data field (Figure 2). This mechanism provides an 
alternate way to begin; results are presented in the same 
hypertext-style format as results from a database search. 
Keyword search is particularly useful when the information 
desired is located in unexpected places or embedded in 
descriptions, notes, or memo fields. Query results are 
displayed as a list of "headlines" on the results screen 
(Figure 3). Headlines are single line summaries giving a 
general identifier for each database record that matched the 
query criteria. At this point, users may choose to explore 
one of the headlines (by clicking on it), or may return to 
the query form to revise the search. (It is always possible 
to return to the previous screen using the Back key 
provided on the browser). All forms and output screens 
can also be saved or printed using the browser's facilities. 
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Clicking on querylinks 
returns more detailed 

information 

Bacteria Headlines 

• Alvarez.Anne CollectlonAgrobacte iiilil 
• Alvarez, Anne Collection Agrobactertum rhlzoqenes liiill 
• ca111om1a Dept.of FoodandAgrtcultUre Agrobactertum rhtzogenes iii.iii 
• calilomia Dept. of Food and Agriculture Agrobacterium rhjzoaenes iliiiil 
• Moore, LW. Collection of Plilnt Pathogeni: Agrobac Agrot,acterium radiobacter ml 
• Moore, LW. Collection of Plilnt Pathogeni: Agrobac Agrot,acterlu bacter iiiii 
• Moore, LW. Collection of Plant Pathogeni: Agrot,ac Agrobal; m radiobacteriitii 
• Moore, LW.Collection of Plant Pathogeni: Agrobac A terlum radlobacteriiiiil 

Users can browse 
additional querylinks by 

using the browser's BACK 
key to return to the 

headlines screen1-1-_.1:121m. _____ ~ ___ ,, 
Constructed using 

HvperSOC 

, Figure 3. Example of a results screen 

Database output can 
be linked to othe 

Web page 

Querylinks, marked with 
yellow "query" icons, 

perform additional 

M 
Bacterium Into 

queries and display 
related information on 

further browse screens 

• Genus: Agro acterlum 
• Species: rhizogenes 
• strain: 05801 PRl8196I83 
• PathogQnic: + 

Pl: Larry oore 111111 
Cutato~ Larry W. Moote -
Contact: Marilyn Millgr-

Clicking on the WEB 
SEARCH button 

searches the World Wide 
Web for documents and 
databases related to th 

information in the displa 

Conor: Larry W. Moore -

Web Search 

Comments to Constructed usng 
mgd~mgd.cordley.orst edu Hy_perSOI. 

Figure 4. Example of a browse screen 

Clicking on a headline brings up a browse screen with databases • related to the information displayed on the 
more detailed information (Figure 4). A browse screen screen. 
also provides hyperlinks to access Web documents or other 
databases and software. In addition, HyperSQL 
introduces a special style of link called a querylink 
(marked with a yellow "query" icon, as shown in Figure 4), 
which activates a pre-formulated query to obtain more 
information from the database. Results from querylinks 
are displayed on additional browse screens. At the bottom 
of the browse screen is a Web search button that can be 
clicked to search the World Wide Web for documents and 

3. How HyperSQL Query Interfaces are 
Constructed 

This section presents an overview of how HyperSQL 
query interfaces are constructed. The first subsection 
discusses how query forms are built, followed by a 
subsection explaining how SQL is generated from the 
query forms. The final subsection describes how output 
is formatted on results and browse screens. 
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Genus 

Algal Query 

• (JGr) is tNI wtldoard ChaP'aa.r 

AliJN Name 

BANNER 

HEADER 

To ,.duoe the numbar ol entria1 Ntumad1 fill In the appr09rta• sut:Mxon Information. 

!~ fcL£ARFOF1111( i u111no~ FIECOflOS c::a i ----.iSTANDARD 
BUTTONS 

eo,,..,.nts., co- using 
rmdS:lnpdcofdll:xomcdu ~ 

FOOTER 
Figure 5. Layout of a sample query form 

3.1 Building a Query Form 

Query forms are composed of six sections: banner, 
header, form body, standard buttons, and a footer; Figure 
5 shows where these regions appear in the example query 
form. The layout of the query form is specified in the 
query file, using "query form" descriptors [NPHM96]. As 
their names suggest, banner, header, and footer 
descriptors are used to define what should appear .in 
predefined decoration areas. Since the decoration 
descriptors accommodate any HTML text, the 
programmer can include hyperlinks, graphical imagemaps, 
tables, and formatted text in those areas. If a password is 
required for the database, HyperSQL automatically 
prompts for the password before bringing up the query 
screen. 

The banner area is located at the top of the screen. It 
typically displays a logo or database name and is used on 
all screens in the interface. In contrast, the header (located 
below the banner) usually varies to reflect the nature of the 
information on each screen. 

The form body section specifies what prompts and data 
entry fields should be presented to the user. HyperSQL's 
INPUT descriptor offers a variety of styles, including 
radio lights (lists of choices controlled by diamond-shaped 
buttons), buttons, pulldown menus, and querylists 
(scrollable lists that are filled with information acquired 
automatically from the database), as well as simple text 
entry fields. A row of standard _buttons automatically 
appears below the form body. The function of the buttons 
was described in Section 2. 

The footer area, located at the bottom of the query 
form, can be used for a variety of purposes: to display 
links to the query menu, or related pages; to identify the 
author and version of the software; or to furnish a button 
for sending feedback to the developers. 

3.2 How SQL is Generated 

When the user clicks the Retrieve button on the 
query form, the contents of the form are sent to the 
HyperSQL interpreter for processing. HyperSQL first 
establishes a connection to the remote database, using 
information from the environment section of the query file. 
(Since connections are short-lived, HyperSQL logs into the 
host computer and database for every query submission.) 
Depending on options specified in the "SQL" section of 
the query file, HyperSQL can either (a) invoke a specified 
SQL procedure already stored in the database's procedure 
cache, using a list of values from the query form, or (b) 
dynamically compose SQL code from the user input and 
the set of query directives specified in the query file. After 
transmitting the code to the database, HyperSQL awaits 
the results. 

Errors from the underlying database and the network 
layer are trapped automatically and displayed prominently 
at the top of the screen. For debugging, HyperSQL 
provides a debugging descriptor which can be activated to 
display all SQL code generated by the HyperSQL 
interpreter. 
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M&D 
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Pl: Larry w. Moore iBii 
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HEADER 

OUTPUT 
BODY 

STANDARD 
BUTTON(S) 

Home Help 
Comments to Constructed using 

mgd@mgd.cordhiy orst Qdu HyperSOl ---1,,.1 FOOTER ..._ _____ ... 
Figure 6. Layout of a sample browse screen 

3.3 Formatting Database Output 

Query results are formatted as hypertext, using "output" 
descriptors specified in the query file. There are two types 
of output screens, results and browse, controlled by 
separate sections of the query file. A results screen 
presents a list of single lines, summarizing the results 
returned from the database or keyword search engine. 
Data items in the output which cross-reference other 
information in the database are formatted as querylinks, a 
special kind of hyperlink designed to retrieve related or 
more detailed information from the database. 

When the user selects a querylink, HyperSQL 
automatically invokes the associated SQL procedures with 
selected querylinks, passing the specified data fields as 
parameters. Since all querylinks on a results screen are 
statically associated with the same set of SQL procedures, 
the code is pre-stored in the database's procedure cache to 
improve response time. Browse screens display the results 
from following querylinks. 

The same output form descriptors are used for both 
results and browse screens: banner, header, form body, 
and footer. Figure 6 show these regions on an example 
output screen. Note that output forms are very similar to 
query forms, except that the standard buttons are different 
and the form body displays output instead of blanks for 
entering input. 

4. Query File Organization 

A HyperSQL-based query interface is composed of a 
set of text files defining the screens. The query menu, 
which contains only HTML, resides in a file named 
qindex. html. The remainder of the files are called 
query files and their names have . hsql extensions. As a 
collection they provide complete specifications for a query 
interface (e.g., Bacterium Query, Fungal Query). Each file 
contains a combination of HyperSQL descriptors and 
embedded HTML, organized into five sections (Figure 7). 
A query file must include exactly one each of the 
environment, query, and SQL sections, plus one or more 
output (results and browse) sections. The sections, 
delimited by BEGIN and END statements, must appear in 
order: 
1. ENVIRONMENT: contains information for 
connecting to the target database and sets the banners for 
all interface screens. 

2. QUERY: describes the layout of the query form. It 
specifies formatting for the form header, input fields on the 
form body, and the footer. 

3. SQL: controls how SQL code is generated from 
information. entered on the query form. Alternatively, this 
section can invoke a SQL procedure stored in the database, 
or an external script or program. 
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4. RESULTS: describes the layout of query output 
providing a list of result records. It specifies formatting 
for a header, query results, and footer. 

5. BROWSE: describes the layout of screens containing 
detailed information. It specifies formatting of a header, 
data fields, and footer. 

ENVJ:RONMENT BEGXN 
USEDATABASE mgd LOGIN=MGD PASSWORD=PROMPT; 
BANNER "<center><irng src=/HYPERSQL/gif/rngd.gif></center>"; 

Etl!V]:RONMENT END 
QUERY BEGIN 

HEADER "<center> <H2>Bacteriurn Query</H2></center>"; 
INPRINT "<B>Bacterium Name</B><br>"; 
INPRINT" Genus"; INPUT genus TYPE=TEXTINPUT DEFAULT="Escherichia"; 
INPRINT "Species"; INPUT species TYPE=TEXTINPUT DEFAULT="*"; 
FOOTER "<hr>Feedback to mgd@rngd.cordley.orst.edu"; 

QUERY END 
SQL BEG:W 

SUB genus 
SUB species 
FROMLIST 
SELECTLIST 
WHERELIST 

AND 
SQL END 
RESULTS BEGIN 

WHERELIST AS upper(Organisrn.genus) like upper('$'); 
WHERELIST AS upper(Organisrn.species) like upper('$'); 
Organism, Headline_org; 
Headline_org.rngd_gerrnplasrn_record_num, headline; 
Organisrn.rngd_gerrnplasrn_record_nurn = Headline_org.rngd_gerrnplasrn_record_num 
Organisrn.germplasrn_type = 'Bacteria'; 

HEADER "<hl><center>Bacteriurn Headlines</center></hl>"; 
OUTPRINT "<br>DATA_FIELD=mgd_gerrnplasrn_record_num DATA_FIELD=headline"; 
LINK headline TO rngdGetBacteriurn(rngd_gerrnplasrn_record_nurn) BROWSE_ SCREEN=l; 
FOOTER "<hr>Feedback to mgd@rngd.cordley.orst.edu"; 

RESULTS END 
BROWSE 1 BEG:W 

HEADER "<hl><center>Bacteriurn Screen< / center></hl>"; 
OUTPRINT SUPPRESS_IF_EMPTY "<li>Genus: <b>DATA_FIELD=Genus</b>"; 
OUTPRINT SUPPRESS_IF_EMPTY "<li>Species:<b>DATA_FIELD=Species</b>"; 
OUTPRINT "DATA_FIELD=Organisrn_Role:<b>DATA_FIELD=Researcher_o<br>"; 
OUTPRINT "DATA_FIELD=Collection_Role:<b>DATA_FIELD=Researcher_c<br>"; 
FOOTER "<hr>Feedback to mgd@rngd.cordley.orst.edu"; 

BROWSE 1 END 

Figure 7. Sample HyperSQL query file 

5. HyperSQL Implementation taking advantage of DBI we will be able to support other 

Figure 8 shows the architecture of HyperSQL. The 
software components of a HyperSQL query interface 
include the target Sybase database, the HyperSQL 
gateway, an HTTP (Hypertext Transfer Protocol) daemon, 
a set of screens (displayed by the browser), and an end­
user, assumed to be a scientist or other person who may be 
unfamiliar with SQL and the target database. The initial 
version of HyperSQL supports databases using Sybase 
System IO [Syb94b], a de facto standard among large-scale · 
scientific databases. Sybase provides multi-database 
management capabilities and a programmatic interface 
based on SQL and the Open Client Library [Syb94a], a 
standard · network communication protocol. The Open 
Client architecture makes it possible for the HyperSQL 
gateway and target Sybase databases to reside on different 
computers across the Internet. However, other database 
vendors have not adopted the interface and we plan to 
rewrite the communication interface _using DBI (Database 
Interface) [Bun95], a freeware effort under development 
by a number of third-party database programmers. By 

databases, including Oracle, Informix, INGRES, mSQL, 
Empress, C-ISAM, DB2, Quickbase, and Interbase. 
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The core of the HyperSQL software is the HyperSQL 
gateway, composed of an interpreter and a 
communications back-end. The interpreter carries out the 
database operations described in the query files, 
transparently composing SQL queries, establishing RPCs 
(Remote Procedure Calls) to the remote databases, and 
formatting database results according to query file 
specifications (Figure 9). The back-end module contains 
interface to the Open Client Library. Other 
communications drivers, such as the Microsoft's Open 
Database Connectivity and OpenLink's UDBC (Universal 
Database Connectivity) [Ope95] can be incorporated into 
the gateway by writing a replacement back-end. 

The number of HyperSQL gateways ,in operation at a 
given time is limited only by host computer memory, the 
number of processes running, and the number of users 
simultaneously Jogged into the database. Each database 
transaction (submitting a query form or clicking on a 
querylink) invokes a new copy of the gateway, which 
terminates automatically after processing the query results. 
This style of interaction was chosen over ·maintaining a 
continuous login session, because it is not clear in a 
browser-based interface when a given user-session ends 
(i.e., interface screens may reside in the browser's cache 
indefinitely). 

An HTTP daemon [NCSA95], available from NCSA 
and other sources, processes browsers' HTfP (Hypertext 
Transfer Protocol) requests received on a dedicated 
machine port (80 hex). The daemon automatically cans 
the gateway when HyperSQL services are required to build 
a screen or submit a query. There is a restriction that the 
daemon and gateway reside on the same machine, because 
the daemon invokes the gateway as a UNIX child process. 
The query file must also be accessible to the gateway 
software. 

6. Related Work 

Tool developers have constructed a variety of toolkits 
for constructing browser-based interfaces to remote 
databases. We have classified the toolkits into three 
categories, based on how query interfaces are specified: 
(I) interoperability languages (GSQL, WDB, WebinTool, 
W3-MSQL), (2) schema-based tools (2:elig, Genera/Web, 
UMASS Information Navigator), and (3) GUI-based 
environments (Cold Fusion, dbWeb, Sapphire). 

6.1 Interoperability languages 

Several toolkit developers use a language approach to 
interfacing Web browsers to remote databases. 
Developers construct query files by embedding special 
directives into HTML (Hypertext Markup Language) text 
files. Since all of the languages provide minimal features 
for building forms and generating queries, they differ 
primarily in number of features, syntax, and programming 

SQL 
Database ~.·.· . • ~ 

Computer rijnning • . 
Web browser,--- ~ _., 

1. The Web browser submits the query form to the Web server. 
2. The Web server invokes the specialized CGI script commonly 
written in C or Perl), passing it the contents of the form. 
3. The script reads the local procedure file describing how to 
formulate a query and format the results. 
4. The script passes the query to the database and awaits results. 
5. The CGI script formats the results into HTML and sends it to 
the Web server. 
6. The Web server sends the results to the browser for display. 
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Figure 9. How CGI-based query interfaces work 

"friendliness". The tools employ a special CGI interpreter 
to intercept the directives, carry out the corresponding 
database operations, and format database results into 
H1ML. Figure 9 illustrates how this process works. 

The NCSA's (National Center for Supercomputing 
Applications) GSQL [Ng95] is one of the first Web-to­
database interface tools-all the other tools discussed here 
are considered derivatives of this work. Using GSQL, 
developers build forms-based query interfaces using a 
combination of HTML and GSQL commands embedded 
into "procedure" files. The tool introduced the concept 
of query directives, used by developers to specify how 
SQL is to be generated when query forms are submitted. 
By avoiding vendor-specific SQL extensions and 
providing a replaceable communications "backend," 
GSQL can be easily adapted to a variety of SQL databases. 
GSQL currently supports Oracle, Sybase, and Interbase, 
but lacks the ability to access remote databases. A 
restriction of GSQL is the requirement that the software 
reside on the same machine as the database. 

A serious limitation of GSQL is its lack of output 
formatting. All results are returned as text; no provisions 
are provided for taking advantage of the browser' s 
capability to display graphics, play sounds, or link output 
to other Web documents. Furthermore, there are no mea ns 
of limiting the volume of database output, or linking 
database fields to related information in the database. 

Similar to GSQL, WDB [Ras94] allows developers to 
specify query interfaces using a set of high-level form 
definition files, each describing a different view of the 
database. The WDB script, written in Perl, uses the 
definition fields to dynamically generate query forms 
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(where users enter query constraints) and format query 
results. The definition files permit embedded HTML, as 
well as calls to Perl functions, for additional formatting. 
WDB also supplies a utility for extracting the database 
schema from the database and automatically creating a 
working template form definition file. Like GSQL, the 
software must reside on the same machine as the database. 
WDB currently supports Sybase, Informix, and Mini-SQL, 
a freely available database which implements a subset of 
SQL. 

WebinTool [Ins95] query interfaces are composed of a 
web page template and a set of macro directives (prefixed 
by periods), embedded directly into HTML text files. 
WebinTool offers a number of enhancements to GSQL: 
arithmetic operations, variable translation (i.e., uppercase, 
lowercase, escape, unescape), control directives (.IF 
.ELSEIF .ELSE, .STOP, .ABORT) and file directives for 
reading in a file for display (.READFILE). WebinTool's 
GSQL-style query directives (.SELECT, .FROM, 
.WHERE, .UNION, .SORT) specify how SQL is to be 
generated from user input from query forms. References 
to local and output variables are prefixed with a csh-style 
'$'; a different prefix, "@", is used to dereference input 
variables. 

Improving on GSQL, WebinTool provides 
comprehensive support for formatting database output. 
Template directives (.TPLDEF .... ENDTPL) specify how 
output column variables are to be printed (left/right 
adjusted; maximum length). Data items in the query 
results can be linked to related information in the database 
(.ARG LINK). The current version of WebinTool is 
restricted to machine containing the database software. It 
supports INGRES, Informix and Mini-SQL, and can 
support other SQL-based databases by replacing the 
backend. 

Of all the GSQL-style languages, W3-MSQL [Hug95] 
contains the smallest number of descriptors. Programmers 
must understand UNIX and C-style concepts; for example, 
file seek and fetch operations and how to allocate and free 
handles. Unlike most of the other GSQL-style languages, 
W3-MSQL provides an "if' construct included primarily 
to alter output formatting based on the values of data fields 
returned from the database. W3-MSQL supports Mini­
SQL databases and, like the other tools, must be executed 
from the same machine running the database software. 

6.2 Schema-based tools 

Each of the tools described in this section is driven by 
programmer-supplied "schemas," although the meaning of 
the term is used somewhat differently in each case. Zelig 
[VH94] uses "schema-based" specifications to guide 
forms generation. Here "schema" refers to a set of 
directives embedded into HTML files (coded as 
comments). The authors take a novel approach to 
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monitoring user behavior in query interfaces. They embed 
an expert system, written in OPSS, into the interface to 
accumulate statistics on database access and monitor 
interface usage patterns. The rule-based module offers the 
database administrator advice on modifications to the 
underlying data structures for optimizing access time and 
storage requirements of the database system. 

Another schema-based tool is Genera/Web [Let94]. 
Using Genera, developers specify query interfaces entirely 
in the tool's proprietary object-oriented schema language 
by defining and expressing relationships between 
"entities," groups of related information in the database. 
An entity is a collection of fields from one or more tables, 
views, or other entities, grouped together in a logical set. 
Fields are permitted to contain links to other databases. 
From the schema, Genera's compiler generates the HTML 
code for the query interface and the corresponding SQL 
procedures to be invoked by the query interface. 

Genera, designed for Sybase databases, eliminates the 
need for developers to code directly in SQL and HTML, 
but at the expense of having to learn a complex and 
proprietary schema language. For developers who are 
already proficient with SQL, Genera introduces an 
unnecessary level of abstraction, which can be frustrating 
when the SQL generated from the schema produces 
undesired results. Although developers can edit the 
generated SQL stored in the database, Genera 
automatically overwrites all of the SQL code any time the 
compiler is invoked-even when simple cosmetic changes 
are made to the interface. 

The third schema-based tool is the UMASS Information 
Navigator, [Hud95] designed to support easy navigation of 
relational databases. Hudson's tool generates query 
forms from a meta-data "schema," which contains 
information about the organization of the database. After 
entering search criteria into forms, the tool returns results 
which in turn can be clicked on to bring up more detailed 
information in the local database, on other Web pages, or 
from other databases. The Navigator is ideal for storing an 
entire W eh-based information system. Because it 
generates Web pages dynamically, the Navigator avoids 
the "stale link" problem, a major source of frustration of 
Web users. 

A configuration file contains the opening screen 
information, including the views contained in the meta­
database. The Navigator, which supports both Oracle and 
Basis+, also permits users to use the results of relational 
queries as starting points for searching using full-text 
retrieval engines such as WAIS or INQUERY. 

6.3 Query Interface Construction Tools 

The tools presented in this section are designed to assist 
programmers in furnishing Web access to ODBC­
compliant (Open Database Connectivity) software-which 
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includes SQL databases and spreadsheets-on Windows 
95 and NT platforms. (Similar tools are not yet available 
on the UNIX platform.) 

Cold Fusion [All95] is a CGI-based tool that reads 
template files to build query interfaces to Windows-based 
databases. In response to user queries, Cold Fusion 
creates dynamic HTML pages by mixing HTML tags and 
Database Markup Language (DBML) from the templates. 
DBML dictates how queries are formulated and database 
results are displayed. Using query interfaces created with 
Cold Fusion, end-users can both update and query 
databases by interacting with forms displayed on browsers. 
Cold Fusion provides a number of features targeting 
financial applications, including special formatting of 
currency, date, and time fields. ' 

Aspect Software Engineering's dbWeb [Lau95] is a 
data-driven gateway between ODBC data sources and NT­
based web servers implemented as a multithreaded NT 
service. Forms can be created for both updating and 
retrieving information from databases using dbWeb's 
administration tools. The tools generate a combination of 
HTML and special "tags," (similar to Cold Fusion's 
DBML) which specify the database operations to be 
performed by the gateway. At runtime, the gateway 
intercepts the tags, performs the specified database 
operations, and wraps the results in HTML for the 
browser. Database information which contains pointers to 
related data in the database are formatted as "smartlinks" 
in the browser, permitting users to navigate and browse the 
database by clicking links. 

Bluestone's Sapphire/Web [Blu95], is a GUI-based 
programming tool for creating Web-based database 
interfaces for the three major SQL databases: Sybase, 
Oracle, and lnformix. Sapphire, available for both the X 
Window System (not yet released) and Windows 95/NT, is 
similar in operation to Powersoft's PowerBuilder, in that 
both tools permit the user to build a database interface 
using direct manipulation. The tool generates CIC++ 
source code which can be modified or customized by the 
interface developer. 

Sapphire provides no direct support for designing 
HTML-based forms. Developers can create HTML forms 
manually using a text editor or by using HTML authoring 
tools such as HotMetal, W ebMagic, or the Internet 
assistant built into Microsoft Word. Application "objects" 
such as stored database procedures, dynamic SQL, 
functions, executables, files, and other objects (i.e., OLE) 
are dragged and dropped into the "Bind Editor," where 
HTML elements such as text input fields or drop-down 
menus are "bound" to arguments; database results are also 
bound to HTML elements for formatting. Once the 
interface is defined, the tool generates C and C++, which 
can be customized manually by programmers, who can 
introduce conditional processing or change the default 

method of populatiJlg the data. Although the interface 
does not entirely eliminate programming, it does offer a 
convenient means of assembling the components of CGI­
based database interfaces. 

When we started our work, only GSQL and Genera 
existed. Although GSQL demonstrated how browsers 
could interoperate with relational databases, it was limited' 
to simple input forms, lacked means for formatting and 
cross-referencing output to related information, and was 
unsupported. The drawback to Genera was having to 
learn its high-level schema language; the tool 
automatically generates both the interface and SQL. The 
high degree of automation has a drawback- no provisions 
are made for queries for which the precise SQL is already 
known; the programmer must unnecessarily translate SQL 
into schema language. 

Furthermore, most of the subsequently developed tools 
we have examined do not meet all of our users' 
requirements for publishing pre-existing, large-scale 
scientific databases, which are traditionally found on high­
end UNIX workstations. In particular, the tools: 

• do not connect to remote databases (must be run on 
the machine running the database) or cannot operate 
beyond a PC-based local area network; 

• do not help users fill out the query form (e.g., 
displaying a list of allowed values); 

• furnish no means of restricting access to sensitive data 
(e.g., password protection); 

• lack means of cross-referencing database results to 
related data (i.e., querylinks) to help the user visually 
scan for information of interest. 

7. Current Status and Future Work 
At the time this paper was prepared, HyperSQL had 

been successful in building query interfaces in support of 
three major biological databases: 

• Microbial Germplasm Database (MGD) [HNMP95]: 
searchable information describing microbial 
germplasm maintained in research collections 
throughout the U.S. 

• Mycological Types Collection (MTC) [PHS96]: 
searchable d~scriptions of fungi type specimens. 

• Vascular Plants Types Collection (VPTC) [LHP96]: 
searchable descriptions of vascular plants collections. 

These databases have been accessed from more than 14 
countries, including Brazil, Canada, Germany, Russia, 
Sweden, and the US. Feedback from programmers and 
database end-users have been encouraging. Additional 
databases are expected to come online using our software 
in the near future. We are also considering adapting 
HyperSQL to support Oracle and possibly other databases 
using DBI (Database Interface) [Bun95]. 
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We have begun development of a next-generation Web 
tool called QueryDesigner, which will enable non 
computing professionals to locate, connect, and build 
personalized query interfaces to remote SQL databases. 
No knowledge of SQL, HTML, or HyperSQL will be 
required. Current information on QueryDesigner and 
HyperSQL, plus a list of supported databases are available 
at http:/ /rngd. cordley. orst. edu/hyperSQL. 
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