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Abstract

HyperSQL Is an interoperability layer that enables
database adminisirators to rapidly construct browser-
based guery interfaces to remote Sybase databases.
Curreand  browsers (le, Netscaps, Moxale, Interned
" Explorer) do not easily interoperate with databases
without extensive "CGI" {Common Gateway Interface)
programming. HyperSQL con be used to create forms-
and hypertext-based database interfaces for nen computer
expents (e.g, sclentists, business users). Such interfuces
parmit the user to gquery databases by filllng out query

individual sclentists/collectors who know the litnitations of
the data.

Many large-soale blological collestions are stored in
Sybase databases (e.g, Genome Database, Miorobial
Clermplasm Database, Nattonal Fungus Collection, Nature
Conservancy Database).  Sybase is a commercial
relationa) databago mansgement system that employs SQL
(Shuctured Query Language), SQL was adopted as the
standard query language in the sclentific community
bacavee it is an industry siandard, is well-defined and has
a’golld theoretiont fonndatlon In set theoty, and is
implemonted in successful and proven commercial

required because the interface automatically composes
SQL from user input. Database results are automatically
formaited as graphies and hypertex, Invluding ¢lickable
links which can kssue addilonal querles 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 descriptore and HTML formatiing into

text files. No compliation Is necessary bécause commands *

are Interpreted and corried out by cur special gateway,
positioned beiwaen the remote databases dnd the Web
browser, Feedback from davelopers who have used the
initlal release of HyperSQL has been encouraging, At
present, query interfaces have besn succedsfully
implemented for three major NSF-spunsored biological
databases: Microbial Germplasm Database, Mycologioal
Types Collsction, and Vascular Plants Types Collection,

1. Motivation

Accessing information stored in biological databases
helps spoed research and 15 cssomtlal w solve complex
problems requiring dets from muitiple souwrcss, Such
databases are not likely to be centrally located, boosuse
they ate typicaliy mainfained under the control -of

1080-3425/87 $10.00 O 1007 JBEE

POdIstE -8, Sybuse, Orsole, Informix) thatrormrom high=

end UNIX worksiations capable of managing large
volumes of data,

Ressarchers in the biologioal solences have not hed an
oasy time retrieving information stored in SQL databdsss,
There axe four primary reasons for this difficulty, First,
SOL requives that users remember too much information

- about databass organization. Before users cdfi formutats

queries, they must remomber or look up the names of

tables and data ltems, which requires knowledge of the

dptabase’s proprictary command language.  Moreovef,
users must detsrmine the logleal meanings of the data
{tems, which can be frustrating beoause of cryptic naming
conventions and the use of synonyms, Oftan there Is' Hinls
more avellable than an uncommented listing of the
database schetna, These problems are exacerbated when
tables in the database contaln a large number of.data
categorles.

Second, users aré forced to use orypiic command-line
tools  (le, Sybess isql) Intended for database
adminlstrators, ‘Thass ars baged on proprietary command
languages' , present information in & low-level format, and
are unforgiving of mistakes. Yurthormore, to access

! Although the vendors of the most commonly used SQL
databases (e, Sybase, Oracle, Enformix) edhers to the SQL
standard, thoy use Incompatible tools, programmetic
interfaces, end command languages.
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) -datahasen at remote sxtes, seientlsls must Teath. adtlldonal
- connectionutilities (e.g., telnet, ﬁp) :
. Third, SQL itself 48 481p0,: OITOT Proiie, .and mz&lendly

- It i ensy to xdiyspell & keyivotd or deatd vathe, omita “joln”
" claup, or worde, constiiiot 8.query thot-eturns uninionded
results -{Sme3). We belleve it s’ sefséless- to -expect

. sotentiste-who have Reillier ths tims Yot the desite to bo -
" oxperts in-computer soierice—-t0 becdme profloent in SQL © -

: pxogta‘nmung and dalabascthaory

Lt thote i5°a Iaok of nissninglul feedback diring the

. query procesi [JV85). The ‘ahancas of a casual pser

formilating-a-quiery corteptly-on tho frst i attempt 4% slim, -

Wit copitnand-lins SQL, the-user st bear the burden of

demrmining thie. exatt natuwre 'of an emor,, Messages are
_ oryptie and gbnelally do ot rovogl tho source of the
-prbblm. -

Stoce SQL's hmeptton in tho 19'103, ﬂntabaso vondors
-havo vievaally ignored the® splbntiﬁe comuublty, instead
* bislding suppost tools; for. husinaas ahd*finanolal: }lsprs ...,
. Jnyeniory;-asoounting, stock analysis). ‘The nesd for query
a&sistahco tools.: targeting, “sefentific ~ users” ‘heg. been
expt’mbd by tesearchers. ay iumiber * of - hiocompuﬁng
* Workstiops end. ‘oonforencos. [PJP90, Z1o041; 16 fill the
" neéd, -we” worked ulosﬁlm with -solentists from the
‘Depistment of Botany' ahd” Elant Pathology 1 develop
“Hyper$QL.

"+ “mgke it eadier for scibntiits to retrive.
. . remote. seienﬂﬁc databases using common Wob browsers

' haéad quely intetfaces & SQL databises. Our goal-Is to
foom

. (Netsoipe, Mossic, Intsrnet- Bxplomj, Mhich 'lack the
- capability to intemparale dimtiy with: SQL datﬁbas?s.-

:_ Opx softh ‘makes. it poss:ble 0] Inyqr biowsptEbased
" quey initetfaces on top of noxmel SQL. No modifigations
“to” pititer the, Web browser,” o: the .SQL dala’buer are

requifed
“Willf "o -sofiwefe,” tormﬂ afd hypsrtext-based
intérfaces-ellminate direct expusuto ta $QL and lpw-lwel
.. -dawbge tople. The' uter’ queries” SQL databsses by
" -enfering s soaroh oriferia into foriis. No Knowledge of SQL
16°t6qulréd beosse ‘the fiiterfacs sutomaiéally. gafienatos

SQL quoribs from, The usef’s, Joput, ’ﬂm the form !.8-

. 'ls.rgely independent of SQL, if. cen uss ﬁiso:phﬂwpwiﬁo

. (inther’ than coriputsr-related) toinuno:togy The mplts of
. ‘the query are formatted as hypc:u‘lml;t,L sp-they cen fiicjude

hyparlixiks thiat ¢4 be'sélouted to brpwié. the dalabese for
rqlntbd hﬁ‘omaﬂon, bring up oiher qu Bagoh. pr £0008s
Temmoté semh whpinés, .
. /For ‘query ssslstance to&fg, btoWs&rs
. imporhmt featwres, They employ & coticeptually simple
. hypertext hode] that eveh ubéia’with fitile.or no’compter
" training’ éan aaeﬂy loarn ‘and. \se. Tha b;:owm AHIVOS "te
o rap]aoe # number of Tow-1pvel togls (.o, telnet. fip,
: goplier) and provlda mlﬂad means of'dlaplayjng da!a i a

.,varlaty of fomm (i YRR 8

. ﬂontn'ends-rtableggagnﬂ femw

;pmSQHMweIepmenmoifommw Welbe gk surediis CF

otfe: qewml '

'tﬂes; ﬁmﬁgﬁ&, Qﬁ\lﬂﬂ,.
sovies); farnish the: fe‘ames'ﬁecissmy maméte»&atqha&a-
i 0 Lboxes, nush-.
buttosis, radx&liglﬂa, puﬂaévmm lc}Qﬂadc )1-1 it 4
operedo pndsntly of tHoth: mﬁm md
platform. F allv.thoy&uvaﬂ 10 lpr Sipe
dast, The tetiipludée of tHigipe ..-a
Seoticd 2 d’momw B { .
nised;? the sfollowng - sé%tibn hm& iowi, Mgy ows
construoted.; Section 4 shinvidjs chganpatibn o8 qieky
fios, Wile 860{165 ] disv sas T ﬁeﬂi&gqture auid how -

. HyperSQL ds Mpkmm@* Bebtion 6 snpinarizps veldted - ..

work By - otheis, The st sieotion - diaouasea thé \irrem
status.of HyperSQL: and. g Bifucephing, " e

2. How HYperSQLQ%:’"ﬁluﬁac&m m‘l
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160 el ap AD tEteou o

prosents the user
with @& llst of
“allowed” values

Querylists
{rom the daiabhase

character **
matches all data

. The wildcard
values

Cleara the form
end restores

Tadoh
dafault valussIT™ auer

" Bactetum Quay
*{ghar)ie the whiapd cheracier

-

of anirien o baenach, LI Ehe Appeopicie A ubier o0 kfomnation.

IR -~ NN

woors SN -

Submits the form
to the database[T\ gy
Sets the line imtt -&l SLEANFoRM
for dateabase

[iwTomRgor0y =yly_:l | [Evwongeanicy]
Conmanic o il contie) orttdch: - '

The user enters soarch critéria on the quexy form
(Bigure 2).  He/she can fill in as much information as
avallable, or none at all: by defeult all text flelils are
supplisd with wild-cerds (**"), meening “match
overything.” A row of standard buttons ave avtomatioally
provided at the bottom of the form. The Retxieve
* button submits the form and returns results. Cleay erages
any information entered into the form, zeplasing thom with
default values,

The pulldown menu jocated next to the Cleax button
15 uged to Hmit the number of results retumed from the
query; by defanlt output is limited to 25 records, Clicking
the Xayword Search button brings up & form that
a¢copts o text string to be located by searching all data

fields,. For later reuss, forms containing favorile or’

fraquently used sets of values oan be saved by selecting
“add to Bookmexke" {or equivalent) in the browser.
ByperSQL query forms supports “query vefinement,”
allowing the user to fill ia fields incrementally by selecting
feom “aqueryliats” (lists of allowed values). Querylists are
useful when the user does not know what the database

" contalfs, or simply wants to select from a Hist of Values

rather than typing,
HypetSQL also supports -keyword search, muking it

possible to lovate reourds that contain-keyword(s) within -

any data field (Figes 2). This mechanism provides an
alternate way to begin; results are presented in the same
hypertext-stylo format #5 rosults from a database search.
Keyword search is partioularly-useful when the information
desired 15 located in unexpeoted pluces of embedded in
descriptiotis, notss, or memo flelds, Query refults are
dlisplayed es & list of “headlines” on the vesultsy screen
(Pigure 3). Headlines are single line summarles giving a
goneral Jdentlifier for each database record that matohed the
query oriteria, At this point, users may choose o explore
one of the headiines (by clicking on it), or mey retutn to
the query form to reviss the search. (It Is always possthle
to rohurn to the previous screen using the Back key
provided on the browser). All forms and ontput soreens
oat algo be.saved or printed using the browaer's facilitles.
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»_Honws, [ W.¢

Usars oan brows "
y ”| Hoﬂi. LW.C

addltional queryllnks b
' uslng the browsst's BACK

m

h " '
Pt nlridricd NoADbIGA
* Mo, LW cumnmnmmmmmw

ntPdthoenie Aghoben At

-

~ keyto-retum to the
headllhas 9creen

m'-'.

.

Data‘bésé‘ oﬁmut\eéﬁ .
bd I!hkedto ofieny .
Web pag, o

T Glierylinks, matked with|

“yellow quevy” lcons|{ -
peroim-additiéhall

- quenés anddispl .m-,m Ioy

i} - furherrowse Soregngh

B -Gllhﬁiné on’ti\a WEB-
: SE'AROH Buﬂoﬁ
Weh fot doéurﬁa’nls an

aned
. &1( nowsal Pﬁlt’mlﬂ
-i’%f hégeions

b saarcﬁaa the, Woxrd WIdz [ A
-1 dtabasss retated to tidt. 7.
1 Intormatlon n Ihéfdispia

o

(mnlcing N8 headline brin;e up a“m:owee goraen witht

.. anore -dotailed: inforraation (Figuro 4). 'A brovwe soréen
" algo provides hypeslinka to abbuss Weh documieita or other

detabasns- and software. Tn “additlon, ' - HypesSQL
. Initoduces a “speciel” style -of -livk:oulled: .- querylink
; - (mevked with & yellow “quory™ foon, as-shown fn Rijirs 4);
" whish “agtlvates a pre-foroulated duery to obifsln wmors

......

* information froh the detabhse: Results' from i erylinks .

are displayed on additiodal Browse sorosns: At the'botiom
. of the-hrowae sa;een i a Web 'search ‘button thiat can be

o clicked to saarch the World Wit Web for doouments end

-

smen el o

. 3.How ﬁyperSQL Qﬁw i:htéﬁ’ém afe.
' c‘onstnmted

' Tiig soqtfé) pxaéeuis:‘,gw--gve%giewwﬁ.h wx g
query’ mte:fm;;s afe; foniicred;. "Fti ﬂ?f 4 a
diﬁcuqsus how . ﬁery o ‘dfﬁ* h’ﬁlﬁtsﬁ’ W
subssofion ei,plallﬁns # &?@dw

query: Yorhig, . ‘l‘he findl g%’ gﬁ ﬁ d‘ésufbgg J'fowmﬂlph
is formatwdﬁn result‘s ﬂﬂd Ws&w&ns :-; iy
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MOD
AEPGRY e

el the wildieed it

BANNER

.wm

FORM BODY
hunuﬂamdlﬂlmgﬂ haup
mm
weeets [
osce (RN
] STANDARD
T BUTTONB
thia, bele O iiiel
e “BEC\_| I vooTER
ﬂsureé‘ Layout of a sample query form
3.1 Bullding a Query Form The footer aren, toosted at the bottom of the quary
Query forms are composed of elx seotions: b, form, can be used for & vatlety of purpuses: (o dlsplay

and

& shows where these reglons appese in the exsmple query
form, ‘The fayout of the quexy form is specified in the
query file, using “query form” desoriptors [INPHM96). As
thelr nemes suggest, banner, header, and footer
desoriptors are used to define what should appear in
predefined decoration areas,  Since .the decoration
desoriptors  accommodate any HIML text,  the
programmer oan includs hyperdinks, graphical imagomaps,
tables, and formatted text in those areas, Xf a password 1y
raquired for the database, HyperSQL automaticaily
prompis for. the password before bringing up the query
goréen.

The banner wiea ls locatad at the top of the soreen, It
{ypically displays a logo or database name and is used on
all soreens in tho interface, In contrast, the header (located
bolow the banner) usually varies to reflect the nature of the
information on each soteen.

‘The form-body section speoifies what prompts and data
ontey fields should be presented to the user. HyparSQL's
INPUT descriptor offers a vaclety of styles, including
radio lights (lists of cholces controlled by diamond-shaped
buttons), buttons, .pultdown moenus, and querylists
(scrollable Jiste that are filled with information aoqulred

automatically from the databass), &8 well as simple text

entry fields. A row of srandard buttons automatioally
appoare balow the form bedy, The function of the buttons
was desoribed in Seotion 2,

links to the query monu, or xelated pages; to identify the

authos-and-version-of the-software;-or-to-furnish-a-buttor —
for sending feedback to the developers,

3.2 How SQL is Generated
Wheu: the user clioks the Retrieve button on the

- query formi, the contents of tha form e sént to the

HypSQL intespreier for processing: HypésSQL flrst
establishes a conneotion to the remote datsbase, using
{tifortnation from the environment section of the query fits,
(Since conneatlons et short-lived, HyperSQL logs into the
host eomputer and databass for every query submission.,)
Depending on options specified in the “SQL” section of
the query file, HyperSQL can either () invoke & specified
SQL procedure siready atored in the database’s procedure

-cache, using a Ust of values from the query form, or (b)

dynamically composs SQL code from ths user input and
the set of query directives specified in the query file, After
trangmitting the code to tie database, HyperSQL awaits
the resulis,

Rrrors from the undarlying datebage and the network
layer are trapped automatically and displayed prominently
at the top of the scxeen. For debugging, -HyperSQL
provides a debugging desoriptor which can be activated to
display ol SQL code gonerated by the HyperSQL
interpreter,
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‘results “and 'browee, -controlled by -
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When the user- selects 8 qu srylink. “HiperSQL '
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gelooted qua»yunks. ‘pabsing the qyepiﬂed s fiolds a3 -

. pacariistars, ~* Slncezall quietyiisike -0if: & xesulis sofeen aro
. statléally apidelnted with the saine setof SQL prosedures,

il oo i 8 pre-stored iin tho Hatabase'd procedure.cackie fo

" improte tosponso time, Browse scteeps display ihe results
. fromdollotving guerylinks.

The ‘samis” output ‘f6tm désonptbrs -a1e uml for both

. épults and browse soreeus; “bannpr, header,

. dnd jiaorer Figure 6; show Thete togions on a1 pxample

' ,output séreen, Note” that Owtput forpd aye very gmilar to
‘quary-forts, picept that the standard buttons are different -

. cand the-form body" dfsplays dutpu; it\stead of blanks for
- entering input T e

r
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4. RESULTS: doscribes the layout of query output 5. BROWSE: désorihas the [ayout of sereens containing
providing & st of result records, It specifies formatting  _detalled inforoation, It specifies formatting of a header,
for a header, query results, end footer. -data fields, and footer, -

ENVIRORMENT BEQIR
USEDATABASE #¢d LOGIN=MED PABSWORD=PROMPT)
BAVNBR "<oenter><imy sros/HYPERSQL/gif/mgd.gif></center»*;
RRVIRONMRNT EHD
GURRY BEGIN .
HEANNR "<center> <H2>Bacterium Query</H2»</centex>";
IMPRINT Y<B>Pacterium Name</Br<br>*;
MPRINT * Cenus *; INPUT genue  TYPRREWNINPUD DEFAULT='Eschexrichim’;
INPRINT *Species *; INEUT species TYPEmTENTINPUD DEFAULT="**;
FOOTER "<hr>Fesdback to mpddmgd.coxdley.orkt.adu*) ]
GQUERY RND .
4gn BEATY
HUB genus  WHERELIST AS uppex (Organism.genus) 1ike upper{'§'};
SUB species WHERELIST A8 upper(Orxganiem.species) like upper{'§'})
PROMLIST  Organism, Headline_ org; . '
SBLECTLIST Headline org.mgd.germplasm record num, headline;
WHERELIST  Organism.myd_germplasm_record mum = Headline_ovg.mgd . pexmplasm recoxd num
AND  Orxganisin. gernplasm_type « 'Bacteria’;
AQ%: W
HNSULTS BEGIN : -
HEADER *<hl»<center»Bacterium Headlines</cencer»></hi>"}
CUTPRINT “<br»>DATA_FIELDmgd_ gerviplasm_record num DATA _FIELD=headline®;
LINK headline 70 mgdGetBacterium(myd_germplaem _record num)} BROWSE_SCREEN=1,
FOOTRR "<hr>Fesdback te mgdingd, aordley.oxst.edu; '
ARBULTH BND ’ -
MiowsR-1 FEGIN : -
HEADER *<hl><oanter>Bacteyiun Beraanc/csnter»</hlx";

CUTPRINT SUPPRRSS ZP_BMITY *=1i>Genust < >PATA_FIELD=Genum</in"y

OUTBRINT SUPPAESE_IF_EMPTY '<ii>Species:<b»DATA FIBLD=Specias</b>¢;
QUTPRINT “DATA_FIELDuOrganism Role1<b>DATA_FIELDResearcher. o<bys>;
OUTPRINT *DATA_FIELDaCollection, Rolei<b>DATA _FIELDoRenearcher_o<br>*)
FOUTER Y<hy>Feadback te mgdémgd.dondley.ovst . edu"y - .

BROWAR 1 AND .

Figure 7, Sample HyperSQRL query file

5, ByperSQL Implementation :ialdﬁ advail;talgo di:f 511§ \;’; v;::g ba abl;]ga ;uggort oiher
. A Ozaole, Ynformix,. mSQL
Rigwe 8 shows tho architectuse of HyperSQL, The g oot tonns s ' » 25QL,
software components of a HyperSQL query Mtecf Bmpress, CISAM, DB2, Quickbase, and Interbase.
include the target Sybass database, the HyperSQL
galeway, an HTTP (Hypertext Transfer Protocol) daemon, T
a sot of soresns (displsyed by the browses), and an end- ‘ Dlsplayed by the
user, assumed ¢o bs 4 sclentist or other pereon who may be
unfamiliar with SQL and the target database, The initial
version of HyperSQL supports dntabases using Sybase
System 10 [Syb94b); ade facto standard among large-sonle
scientific databages, Sybaze provides mum-;latabaao.
management capabilities and a programmatic interface
 based o0 SQL and the Cpen Clleat Library [Syt04a), a > e A
standard network communiestion protocol. . The Open N : 80L quaries, and format
Client architecturs makes 1t possible for the HyperSQL - ‘ g Y B [resuns
gateway and target Sybaso databases 10 reside on diffesent
compulers soross the Internot. Howover, other databass
vendors have not adopted the intatface and we plan to _
rowrits the communtaation Interface uslg BT (Databass
- Interface) [Bun95), o freeware effort under devalopment fiamote databases
by & number of third-party detabase programmers. By Figure 8. HyperSQL architsciure

Manages the connsation

ot
Hos from a Web browser

Computer Dagmon
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The cote of the HypquQL soﬂware is 1he HyperSQL
g gatmay. ‘oomposed’ zoff » an-. mwrprcter and .
" -communioations back-.end T]xe intmpreter camas ‘out ths

", “-qatabage’ operdtlons; ‘duseritied. “in: the quedy files, .

" “tranaparently composing SOL guoms, ostablishing RPCs

(Remote . Procedute Calis)-to the remote ‘gataliases, and - |

" forraptting + databast results according to- Guery fils

o spaomcnﬂons (Figwrs 9);. ‘I‘hn back-end moduls containg
*intgrfacé” 'to  the  Open Client . “Library, Other '
 gompnunicstions drivers, uch -as’ e MidrosofUs. ‘Open.: {5 .

: Database Conneolivity and- OpenLinks UDBC.(Universal -

" “Databass Connectivityy [0pe95) oan be-incotpozated into
“the gateway by wilting & replatewent bauk-end

The: number of HyperSQL, gateways:jn. opergtion at & .

_ glven'{ime is Jimited, ohly. by ‘host comppter memory, the

.7 umber of processés runnihg, and the numbey of usefs

. "~ simultaneously logged into the database, Es&h dytabase
© transaotion - (submittlng ‘a- query forfh or olicking ‘on a
querylink) Invokes a°fiew copy of the gatéway, which

* . termihates auwmaﬁcally aftor-procedsing the query resulis.
.. This style of interactioh wes choscn ovar maintaining a
: 'dontmnous 1ogin séssion, huoausa At is.not- clear In.a
“browser-based interfago when' 3 glven veer-sekelon ends

" (he., Tnterface screnns may rpside m tho browsge's cache
- dndofinifely).
Am "HTTP daemon 1N¢SA9$1. bvailable from NCSA.

—and umemumrpmmemwsew—}m&{ypeW

JTeansfer Protocol) requests. received’ on a- dedicated
amiechiie port (§0 hex). “The daemoi sutoraliohily calls
- the-gateway when HyperSQLrseivices hrbreqwred to build
a soreen oy submit a'query. There is @ restriotion that the

“dnemon and gateway reslds on the ‘sare machivie; “ecaugs -

thmdaémon invokes the gateway-gs a TINIKC¢iild process,
. The, query flle must. also bé accesslﬁle ta ﬁe gav,eway
softwate, .’ L

."6 Relatéd Work. T

Taol devilopers hava osﬂ;ﬂ’uoteﬂ r.E variety of toallms -

« for, constructing “browstriaged. interfaces to- remote
© . databusss. ‘We have: classified the toolkits. into thres
‘categoiles, based on how qhery Iriterfaces .are 3peoiﬁed'
* (1) Iriteraperability langirages (OSQL, WDB, WebinTool,
W3-MSQL), (2) schema-Based tools (Zelig, Qonera/Web,

UMASS. . Information -Navigator), and (3). OUI based
environmehls (Cold Fuslon, 6bWab Sapphlrc) .

61 Inmroperabillw langugges, .y

. Several toolidt developerd, u‘sb 8 1anguago appreach o

.-interfaoing Web - browsers. to. .remots databases.

. Developers construct” qu eng‘,ﬁlea bye.,thaddmg speoial
- direciivés into HIML (Hygeftoxt Nfarkup Ednguage) taxt

- ﬂles "Since all of the’ laﬁgutr provifle mitiinjal features
_$ar-‘building forims- and goris atatihg: ‘guéries, ﬂwy differ
. pnmanly In number of features* syfitax, and programming
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—— TYemp

(where users enter query constraints) and format query
results, ‘The definition files permit embedded HIML, as
well as oalls to Perl functions, for additional formatting.
WDB alko_ supplies & utility for oxtracting the database
schema from the detabese and evtometlcaily creating a
working template form definition file. Like GSQL, the
software must seside on the same machire as the databass,
WD3B currently supports Sybase, Informix, and Mini-SQL,
a freely availsble database which implements a subset of

SQL. _
' WebinToo! (Ins95] query interfaces are composed of &
web page template and & set of macro directives (profixed
by periods), ombedded dirsotly into FITML text files.
WablnTool offers » number of enhancements to GSQL:
stithimetlc operations, variabls translation (L.e., uppercass,
loweroass, oscape, unescape), control directives (JIF
ELSEIF F1LSE, .STOP, .ABORT) and file directives for
reading in a file for display ( READFILE). WebidTool's
GSQL-style query directives (SBLECT, [FROM,
JWHERE, .UNION, .SORT) specify how SQL is to be
generated from user inpit from quezy forms, References
10 Jocal and ontput variables are prefixed with a csh-style
'$; & different profix, "@", Is used to doreferonce input
variebles,

Improving on GSQL, WebinTool provides
comprehensive support for formatting database output,

late directives (TPLD

output columh variables are to be printed (leftiight
adjusted; maximum length), Data ltems in the query
results can be Jinked to related information it the database
(ARG LINK).  The ourrent version of WebinTool is

restricted to machine containing the database software. It

supports INGRNS, Informix and Minl-SQL, and can
support other SQL-based databazes by replacing the
backend.

Of all the GSQL-style languagés, W3-MSQL [Hug95)
containa the smallest rumber of deseriptors. Programumers
. mystunderstand UNIX and C-style cosicepis; for example,
file seek and fetoh operations and how to allooats and free
handles, Unliks most of the other GSQE.~stylo languagos,
W3-MSQL provides an “if* comstuot inoluded primarily
to altex output formatting based on the values of data ficlds
returned from the database, ‘W3-MSQL suppotts Minis
SQL databases aid, Liks the other tools, must bé éxécuted
from the same mnchine running the databass software,

6.2 Schemna-based tools

Bach of the tools desoribed in this seotion fs driven by
programmer-supplied “sohemas,” although the meaning of
the term s veed somewhat differently in each case, Zelig
[VE94} wuses “schems-based” specifications to guide
forms generation, Here “schemis” yeférs to a sot of
directivas smbadded iato HTML files (coded as
comments), The authors take a novel approach to

BE.....ENDTPL) specify-how — gonerated _SQL—stoted —in—thedatabase,—Gonera

. monitéring user behavior in query interfaces. They embed

an-expert system, writton ln OPSS, into the Intesface to
eccumvlate statistics. on dntabase access and monitor
interfece usage patiems, The rule-baged module offers the
databazs administrator advice on .modifications w0 the
underlying data stnictures for optimizing access time and
storage requirements of the database system, .

Another schema-based. tool is Genera/Web [Lat94],
Using Goenera, dovelopars specify query interfaces entirely
in the tool's propristary object-oriented sohema language
by defining' and expressing relationships batween
“entitios,” groups of releted information in the database.
An entity is a collection of fields from one or more tables,
views, or other entitles, grouped together In a logical set,
Fields are permitied to contain iinks to other databiases,
From the echema, Genera's compiler gensrates the HTML,
code for the query intstface and the corrasponding SQL
procedures to be invoked by the query interface,

Clenora, designed for Sybass datebeses, eliminates the
nead for developers-to code directly in SQL and HTML,
but at the expenss of having to learn & complex and
proprietary schema language,  For developers who are
elready proficlent with SQL, Genera .introduces an
unnecessary level of sbstraction, which can be fruatrating
when the SQL genetated from the sohema producss
videsired results, Although developers can edit - the

sutomationlly overwrites all of the SQL code any time the
compiler is invoked—even when simple eosmeﬁe changes
are made to the interfuce,

The third scheme:brsed tool is the UMASS Informaﬂon
Navigator, [Hud93) desigred to support oasy navigation of
rolational databases. Hudson's tool gomerates quary
forms from a moata.data “sohema,” which containg
informatlon about the organization of the databose. After

- sntering search oriteria into forms, the tool zetwrns results

which in tum oan be olioked oxn to bring up more detailed
information in the local database, on other Web pages, ot
from other datebssss, The Navigator is ideal for storing an
entlre Web-based information eystem.  Beoause it
genesates Web pages dynamically, the Navigator avelds
1he “stale link" problem, a major source of frustration of
Web usets. *

A configuration file contains the opening soreen
information, including the views contained in the meta-
database, The Navigator, which supports both Oracls and
Basle+, alvo permits. users to use the results of relationsl
queties as starting points for ssarching wsing foll-text
retrieval engines such as WAIS or INQUERY.

6.3 Quéry Interface Construction Tools

The tools presented in this section are designed to assist
progranuners in furnishing Web access to ODBC.
compliant (Open Databass Connectivity) software—which
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i Jnulutle,s SQL databasss ami sprgadshms-—-on Windows
95..4rg] NT. platforms, (Slmﬂar tools: are not yet gvailable

L on the UNIX platform.) - -

Lol ‘Pusion -[AN95) is A CGleﬁased toel that reads
tgmplato files o build quoxy*merfacm to" Windows-based
- dptabases.  JIn response 14 user” quaries; : .Cold. Fusion

orontes dynande HIMLipagés by mixing HIMYL, tags and _

-+, Detatinde Mexkup Language {DBML) from the teroplates,

". " DRSIL: diotates how:-querjes.are fopumlated and"database

. rf,sults are displayed. Using query Interfacos xckeated with
" .Cold <Pusién, end-nsarei.Gan both-.update -and query
- detelinses by interasting with-forms displayed ot browsers.
. Cold “Fubien . provides a nuimber. of foatuted targeting
" finantidl . applloations, including spwial formatﬁng of

- qumsiy,date, e ts ields; -

. Aspeft Spﬂwm-ﬂnginunng - thaly ‘[Lau95] ie'a

v data frlven gateway between-ODBC dsta soufosd and NT- 7

" based web isprvors implomipdted 7@ multithreaded. NT
. serviés,. ‘Porms can bo roréated "for.. bothiupdating and
. teweving informaton. Fom- dutabases “ushig- dbWeb's
giministeation tools.: The.togls genstate & combination of

. HYME  and ‘speolal “tags. (simifar: to- Gpld. Prigion's

:DBML).-which specify - the. databass operations to be
' pnrfo;med by. the-gateway.. -~ At:funtime, the geteway
-infexcepts - the - tags,. perfqmw the' speoified:-databaze

" -.qperations, -and wraps, the: results it HTML - for he

hbwmmmmﬁmhiommm
. relighd -data-in the databiise are formatied. as “sinaitlinks”

" in the-browser, permistiug users to na\ﬂgate and brawse the

" datalinse by, olicking finks. © - - -
" Bluestons's Sapphiire/Web - [BLo9BY;- o GULbased
mfamming taol” fér .oxeating:: Wob-baaod*databaso

' 3,1me;faops for the thres inejor SQL ‘databases;. . Sybass, -

: Orat:le. 4nd Tnformix.. Sappliite; avatlable for-both the X
" Windyw Systhm (hot yepreldased) anid Windows 95/NT, is
. smilplt In, epamll.on to Powersoft’s PowaxBuilder, in that
-+ both tools permit the user o bulld-a -datsbase interfuce
“uging’ direot mantpalatich. .- Ttie fob! . gensrates ‘C/CH

.pourcy code which-can be fm;diﬂed or cuatomimd by the

. Lntei'facsdevelopﬁr .
’ Sepphire. provldes e diraot augport for daslgning

o Hmabased forms. - Developers qanworeats HITMI. forms .

~manunjly vaing-a toxt-editor or by using HTML ‘suthoting
‘tools” guoh. ‘a8 HotMetal;- WebMagle; = or. the . Internct
aselstanit buift into Migrbsgfi Wordy -AppHoutio “objedts”

‘sich..as - stored ddtabase sprocedues, - dynaiic: SQL,

:flmotiéns, exeoutables, ﬁJ,ea. -and-other objects- .6, OLE)
" arp-dragged and diopped gty the: "Bind  Bditor! where
HTMY olernénts such aa text input-fiélds .or.dfop-down
meius-are “bonnd” 10, axgumy me, dntabase resylts are also
" bound to, HTME, ‘sféments “for formatting:' " Onoe tHo
Inteiface is"defined, the:tool. genamtcs ¢ and -+ which: -
. fin-bs customized mlmually ‘by- programmers,” who -can
' _.inudducn condlzlonal procqss‘ing or chmge the; defanlt
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We have begun development of a next-generation Web
tool called QueryDesigher, which witl enable non
computing professionals to lopate, comneet, and build

personalized query interfaces to temots SQL databases, .

No knowledgs of SQL, HIML, or HyperSQL will be
required,  Curzent information on QueryDesigner and
HyperSQL, plus alist of supported databases are available
at http://mgd.cordley.oxst. adu/hypexsQl.
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