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Abstract

We have develored 2 deneral PUTFOZEe  FTOSTEM {written in
Frolos) which uses information fgathered intersctivelw from the
uwser Lo generate srecific menu based consulistion rFrosramss

tailored to suit the reletionsal datzs bDase andg access
requirements of esch zrrlicastion. Every menu sllows for quite
denerel relastionsl RuUeriess comsrising universzl and

existentiasl ruantificationssy condunctions: disJdunctions: and
nedation 3s non-rrovability. Some of the relationsl data Dpaze
access concerts emrlosed concern imrlicit fields, sreciasl
access #redicstes» referernces to text strings stored om disk,
finding comrlete descrirtions from martisl onessy etc. .

We clzim the grealt usefulness of this =rogram for +Lhose

Wwho have data to ztore and retrieve the onls work is to rlan &
relationegl data base?’ the consultstion erodgram iz a8lmost
instamntly made.

The use of Frolodg wass rarzmount for the esse of desisn and
itmrlementation of this s=stem.
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Introduction

We have develored a genersl ~yrFOse FProsram (written 1
Frolos) which uses information gathered intersctivels from the
user to denerate srecific mernu based consultation Frogramsy

tailored to suwit +the relztional dasts base and sccess
reauirements of esch arrlicztion. Evers menu sllows for auite
dgeneral relationsal aueries:y commrising universal enid

existential ruantificstionss condunctione: disdunctions: and
negstion as non-srovabilits. Some of the relationsl dats Ubase
sccess concerts emrlozed concern implicit fieldss srecial
sccess mredicatess references to text strings stored on disky
findins comelete descrirtions from =artisl oness ete.

We clsim the sreat usefulness of this »rodram ! for those
who have deta to store snd retrieve the onle work is to rlen &
relational dats sse3 the consultstion esrosgram is 2almost
instasntly made.

The use of Frolog wss rarsmount for the ease of design and
imrlementation of this sustem. Indeed: Frolog as 1landusse
[W. Clocksins C. Mellish 811 comrrises in itself relzstional
aueriesys and relstionsl data basses are inherent to it.
Additionasllys it incorrorates & search stratesy for dats
retrievals bhesides bheing 2 rowerful sumbol manirulaeting
landusdge on its own. Thus it is ideallw suited for riecewise
srogram deneration this 1is so because Frolog clsuses
are extremely modular and need not have any side—-effects.
Cornseaquenritlys the arrlication derendent clauses of tne
consultation srodgram are simrly added to its srrlication
inderendent core.

Furthermorer: queries are essilw built slong successive menu
sters hecasuse FProlodg clauses do mot nave to return comrlete
dsta structuressy but maz coorerate instesd to their successive
refinement.

The user relational dats base is Just & Frolos subFrogramy
in +the form of unit clauses: which 1is added to the
consultation sart, Urdating is simrle rerformed with an
editars which in some s2stems magw bDe called from within
FrolozZ. The criticism that the address srace ruts 3 limit on
the data base size is waved in the 32-bit address machines., In
smaller sddress srace machines» one can set wurF several Frolosg
Jobs to hold dats DbDase raris) snd  have them communicste
through a2 messade queue handler, We hesve dome so onn &
POP 11723 running under RT11-XM.
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EBasic Notions

[lata sre surrlieds a3s in 2ll relational dastz bzsesz» as
n-turles of srduments of relatioms (or rrediczstes)y znd stored
85 Frolog unit clauses. Eacnh ardument (or field) hass a3 meaning
derendent orn the rredicate and arsument rosition.

For #rint out ~urroses:s g2 hneading for each field 1is
requested from the user. The consultation rsrogram sssumes
identical neadindgs corresrond to similar fields:s for sll deta
bhase relations.

A distinction is drawn between ‘outrut-only’ armd ‘both-way’
arguments ! the former are only used for outrut and canrnot be
instantiasted in queriesy the latter can be wused for dats
retrieval as wellr and so can te instantisted in cueries.

We have develored some ortiomal features to incresse dasts
hase comractrness and imrrove access. Thew are | ‘

- References to texts, Sometimes there are non-
formatted informations that are best kert a3s texts. We
use fields of the form t( Files Number ) to refer to
a3 text under the diven Number in the given File. Such
fields are viewed a3s outrut-only and we have z srecisl
rredicate (in Prolog) to retrieve such texts.

~ Implicit fields. It is useful for derived infor-

mation (imrlicit fields)‘ to be built from actuasl
fields of 8 data base rredicater 50 as to avoid
durlications. To this end we rrovide +two different
imrlementations. Thew should be chosen accordinsg to
how often the derived information is required, For the
imrlicit fields frequently usedy an interface
rredicate is created that calls the corresronding data
tase one and ouwilds 3ll sucnh fields, For infrecuently
used imrlicit fields: ancillary conditioms sre emrloz-
ed to defime them. Each such condition is only
activated whenever the corresrondent imrlicit field is
recuired. A data base rredicaste maw be suzsmented with
poth kinds of implicit fields.,

~ Special sccess rredicates. Information mav nmeed some
rreprocessing before being outrut or retrieved from an
exrlicit or imelicit field, We tackle this be zllowind
srecial user defined rredicates to Dbe called when
accessing such fields. As an examrle consider the case
of lists. Orme mavy he interested inm obtsiming not &
list but orne of its elements’s rretiu-rrinting masg zslso
be required.
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To build 5 Query one needs to kriow the t=re of oreration
erivisadeds the logical connectives and =redicstes involveds ==
well as 3 srecificstion of which fields nave &n  inrut value
imrosed snd which sre to e ouilrut. fdditionalilyy & request
can pe mede for similar fields to hold the same values or for
a3 sel of answers to be rartitioned relzstive to the different
values of one or more fields,

The first meru rresented to the user offers 5 choice of

auantifier/orerations a5 well 3s ca3lls to subFrodrams
inderendent from the conmnsultstion rrodram rFrorer {(e.d. the one
that finds comrlete desidgrnastions from rartisl ones -  the

‘oracle’). Exzmrles of aquantifiers zare
one all how manwy
and of orerztions on numeric fields are

SuUm mean least value greatest value

Next» for describing the information in questions the wuser
is rresentedy in 3 first stades with two more menus. One
sllows the choice of &8 dsta bsse rredicate (or idinterfsasce
rredicate if anw)y» and of a2 combination of its fields and
their mode of access. Another mernu followsy to select between
launchingd the ruery to obtaim am answer (the sprecificstion is
assumed comrlete) or to connect the rartial srecifification to
what follows with an and /7 andnot / or / ornot orerator. The
comrletion of the srecification is then resumed from the first
stade. ‘

The srecification of any field maw be a3 combinmation of four
modes ¢

- 8 va3lue is inrut

t

3 value is to be outrut

- outrut is to be droured sccording to its different
values

- the inmformationm in this field wmust match the
information in similar field(s? (i.24 those witn
identical outrut headinds) occuring in rredicztes
alreadz incorrorated in the auery

All non-contradictors combinastions of these csn  be mades
the consultation rrodram redecting anw inconsistency : of
course one ca3nniot sive two diftTerent values to bDe matcnea
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simultaneouslyy out can dive s value and ask it to be outrut
35 well. Outrut-onle fieldss toos canmrmot be inmrut 3 wvalue,

The following section thoroudgnly examrlifies thece
features.

&4 Comsultation FProdram

We now describe in some detsil 2 resl datas basse system made

under 2 contract with JNICT - ‘Juntas Naecional de Investidacao
Cientifica e Tecrnolodica’ (National Science =&nd Techrolosdy
Research Council) - redarding data onm FACC - ‘Fundo de Asroio

*a Comunidade Cientifica’ (Scientific Community Surrort Fund)
- concerning research centers (about 200)y their ordanics (one
rer center and rer wear)y and arrlications for funding (aoout
300 7er wesr) L[L. Moniz Pereiray M. Filgueiras 821,

The extensional dataz base rredicates were desisned ss
follows ¢

center( Number_.cy» Initialss Sector» Districty Info_c )
ordanic(Number.c» Yearsy Director_.Title» Director_Names Info_o)

arrlication( Number.c» Tures Years Items Researcherss
Value_arrliedy Value_dgrantedy Frocess_nor» Status)

where Number_c is the center Hhumbery and Info_c» Info_o
and Item are references to texts on disk, contsining inform-
ation about the centerr the ordanic and the i1tem(ns) refered
in the arrlicationy resrectivels, Three srecial feastures were

+

used
- center name ! this was made an imrplicit field of the
data base rredicate centery and was defined as =
reference to text with the form t{ cent» Number_.c ).
We used an interface rredicate to imrlement it thousgh
the use of an ancillarw condition would be more

efficient as the field is an outrut-only one and not
so often used

- director name't for outrut we built another imrlicit

field of the form Director_title { Director_name
(where ¢/ is an infix orerator) imrlemented through
an ancillarg condition

4+

- researchers ! this field is either 0 (zero | no
researchers involved or unknown)s or of the form
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N1+N2+... (‘+’ being another infix orerstor) where
N1ls N2y ... are researcher numbers. When retrieving
the srrlications a diven resezrcher is involved ins we
want to find fields comntsining nis number. When outrut
is wanted from this fields» we do rnot want numoers but
ramesy 56 we build 8 list of references to texts that
nave the form t( researchery N )., Accordinglus Wwe
use two srecial rredicates to sccess the field: one
for when it is inmnruty the other for whern it must be
outrut.

We illustrate the consultation srosgram with a3 small
ficticious datsa base. In the rrotocol celows uUser answers
follow the rromrt ‘¢’ and commentary comes between braces.

{ the first menu is X

one) 31ll1) how)many sdum m)ean g)reatest lleast olracle i e
t one { dive me one ¥
a)rrlication clenter o)l)rdanic ! error

M- { arrlicastion >

nlumber_c tlyre glesar idtem rdesearchers

va)prlied vd)ranted prlrocess.no s)tatus 3ll)fields ! error
T n 61 { no. of center 61
t v 1980 in the wear 1980y
T var the value zrrlieds
HIRVE- 34 the value dgranteds

| and nothind else >

a)nswer 3and andn)ot or orn)ot error

t B3 { answer >
value_dranted 23
value_arrlied 25

{ return to the initial situation after the answer X

one) 311) how)many s)um m)ean g)reatest l)least olracle | bue
t o

{ the oracle obtains 3 comrlete desidnation of one or more
researchers or centers as desiredy whose rartisl desidnation
is krnown ¥
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rlesearchers clenters !
+
s C

write in one line only the rartial desidnation wou kriow
and caritalize srorer and common names i

the usual abreviations are allowed if ended with 3 dot.
{1 Cs de Informaticsa

identification no. 61
Centro de Inmformatica Universidade Nova de Lisbos

m)ore 3)nother ! { here one may recuest comrlete

Tm designetions for the same rartiasl ores
or surrly another rartial desidnations
or (1) terminate

unknown

rlesearchers clenters ! { consultation ends and the sustem
- returns to the initisl situstiorm >

¢+

{ dive me 31l about an arrlication from cernter ro. 61 >

one) 2ll) how)many s)um m)ean d)reatest l)east odracle ! bue
t one

a)rprlication clenter ol)rdganic ! error

-

nYumber.c tlyre ulear idtem rlesearchers
valrrlied vd)ranted rdrocess_no s)tatus all)fields ! error
n 61 ‘

all
]

*® ¢ o4

a)nswer and andn)ot or orm)ot error

T

number.c 61

ture 2

gear 1980

item visit of David Warren
researchers Luis Moniz Pereirsa
value_.arrlied 25

value_dranted 295

PTOCESS_NO 347

status ok
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{ how many 3re the srrlications 7 >

one) 311) how)many s)um mlean d)reatest lleast olracle I bye
i how
s)rrlication clenter olirdanic ! error
-1
{ 3 ! would return the system to the imitiasl situstion >

nJumber_c tluyre 4ylear 1idtem rlesearchers
va)erlied vd)ranted p)rocess_no s)tatus 3ll)fields ! error
I

{ no further srecification is intended 3
1 is diven since the srecification has ended 3

d8)nswer and andn)ot or ornlot error

*

¢ 3

number 21

one) 311) how)many sdum mlean g)reatest lleast olracle ! bye
v a2ll { dive me for all >

gi)prlication clenter olrdanic I error

T c { centers ¥

nYumber.c idnitials s)ector dlistrict in)fo.c nalme

all)fields ! error
N N { their number and
L B 4 their initialsy
t dX grouring them bw district (%) %}

!

«

3)nswer 3and andn)ot or ornlot error

*

v 3

initials-number.c by district

¥ lisbos H

cird 76 is 206 sFm 7

srb 19 spcy 20 y

¥ porto ¢

sro 40 cemur 13 demfeur 11

deafeur 44
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{ dive mes for 2ll centerss their name:s
dgrouring them by district and by sector >

one) 3ll) how)mang s)um mlean g)reatest lleast o)racle | error
T all

a)rrlication clenter ol)rdanic ! error

o

nlumber_c 1i)nitials s)ector dlistrict inm)fo_c nadme
all)fields ! error

na?

sX

dx
!

*r o o oo

a)nswer and andn)ot or orn)ot error
+
y 2

name by sector-district
X lisboa irsfl '

Centro de Informatica e Fesauisa rara o Desenvolvimento
Instituto de Soldadurs
Sociedade Fortudguesa de Matematicsa

X rorto irsfl :

Sociedade Portuduesa de Ornitolodia
¥ lisboa dovernment H
Direccao-Geral do Saneamento Basico
¥ lisboa ensino_inic :

Centro de Fisica Nuclear da Universidade de Lisboa
Centro de Informaticas Universidade Nowvas de Lishosa

¥ porto ensino.inic :

Centro de Endenharia Mecanics da Universidade do Forto
X lisboa ensino :

Derartamento de Estudos Classicos

¥ porto ensino '
Derartamento de Endenharis Mecanica
da Faculdade de Endenharia da Universidade do Forto

Derartamento de Endenharia Quimicsa
da Faculdade de Endenharia da Universidade do Forto
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3)nswer and andn)ot or orndot erraor

4

s 3
number_c - initials - sector - district - info_c - name

40 sro irsfl rorto a3ddressi
Sociedade Fortuduesa de Ornitolodis

15 cemur ensino_inic rorto asddress?
Centro de Endenharia Mecanica da Universidade do Forto

11 demfeur ensino rortoc address3
Derartamento de Endenharis Mecanics
da Faculdade de Endenharia das Universidade do Forto

44 deefeur ensino rorto address3
Derartamento de Engenharia Quimica
da Faculdade de Endenharia da Universidade do Forto

{ dgive me 3ll about esach ordganmic in 1980 >

cne’) 2311) how)manys s)um mlean d)reatest l)east ol)racle ! tue
{ 311

a)pplication cl)enter o)rdanic | error

Tt o

ndumber_c uwlear dtlitle dn)ame i)nfo_.o dl)irector
all)fields ! error
all

g 1980
!

e ¢ oo

a)nswer and andn)dot or ornd)ot error

*

r 3

number.c - year - info.o - director

11 1980 infol rFrofiVasco Sa
61 1980 infao2 erofiCandido Marcianoc da Silva

one) 3ll) how)mang s)um mlean dg)reatest l)east olracle ! bue
{ how

a)eprlication cl)enter o)rdganic i error

t error £ 'how' was not internded 3 the Frodram is

CEXECUTION ABORTED] automatically restarted safter an error >
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one) 3ll) how)mans s)um m)ean d)reatest l)east o)racle ! bse
t ho

what ? { ho is not an ortion 2

t o

r)esearchers clenters |
+
+ T

write in one line only the rartial designation 90U kriow
and caritalize rrorer and common names ;

the usual sbrevistions are allowed if ended with a3 dot.
t Guedes

identification no. 1
Dr Joso Guedes de Carvalho 44

m)ore 3J)rnother l

4+

+ W

identificstion no. 2
Dr Rodrido Guedes de Carvalho 44

mlore 3)nother !

HE { return to the initial situstion >
one) 311) how)many s)um md)ean d)reatest 1)east o)racle | bue
t bue { exit from =srodram >

Bye |

€

Generating Consultationm Prodrams

designed from scratchy imrlemented and thoroughlw tested in
man—-month on 3 PDP-11/23 with 128KB central memory snd
florry-disks (RX02). Soon it Was felt that 3
‘meta-consultation erodram’ was within reach and would be
extremely useful., In fact the datas base derendent sections of
the consultation rrodram were easily set ararts and #rovision
w3s made to generate these sections from answers cadoled from
the user sbout his data base. In some é man-dass the generat-
ing erogram in FProlod was finished and tested,

The consultation rrogram described inm the last section wss
3
2

It is our strong conviction that a2l1 this was only rossible
throudgh the use of Frolod,.

Generated srodrams are concise {contain exactly what is
needed to imrlement the features selected by the user) and to
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some extent are protected from errors (e.g. durlicate names’.
Obviousles the user must erovide asnyw Frolog subrrogram  or
srpecial access rredicste a3lluded to when dgenerating the
consultation ~rosgram.

Eelows we sresent a samrle session with the denerating
erodramy redsarding the consultation rrogram of the rerevious
section, Adsin we use ‘%7 to rFrromrlt the user,

Hello !
In case wou have ans doubt ture ‘7’ for helr.

outrput file 7 ¢ 7

Please dive the name of the file where the consultation
rprodgram is doingd to be written to.

output file 7 3 face

data base file 7 | nucl
password - "no' if norme T 1

do uwou need integers dreater than 14383 7 ! gezh
accertable answers - L[gesynol
do uou need integers dgreater than 16383 7 | ues

Nows some auestions concerningd aquantifiers and subrrodrams
called from the 1st menu of the access rFrodram.

do uou need arithmetic 7 ! ges
Which of the following do sou need -

.

sum T | ges

mean T { zes

dreatest value 7 | ues
least value 7 | uges

do wou need other functions ? { no

are there references to texts in the data base 7 | des

do uwou want to include an ‘oracle’ 7 ¢ 7

The oracle is a subprodgram that finds comrlete designations
from partial ones. The complete desidnations should be
droured into different files according to their mean-
inds - for instances names of reorle:r ordanizations.

do wou want to include an ‘oracle’ 7 ! ues

mnemonic for drour of desidnations 7 ! ¢
rest of name 7T | enters
file containing this dgrour 7 ! cent

*

more drours T | Yes



mnemonic for drour of desidgnations 7 § r
rest of name ? ! esesarchers
file containing this dgrous ? § researcher

more grours T 1 no
do wou want to make calls to other subrrograms ? ! ro

Questions concerning data base rredicatesy their fields
access to them -

mnemonic for data base epredicate ? ! ¢
rest of name ? ! enter

rredicate name ? { dbase
rredicate name already in use % trvy zanother
rredicate name 7 §{ center

no. of exrlicit fields for this rredicate ? ¢ 5

do 4you want an interface rredicate for this db one ? ! ues
name of the interface predicate ? §{ cent

no. of imPIicit'fields cre;ted by this interface 7 ¢ 1

an imrplicit field is V6

what is the Prolodg condition for it - do not use blanks !
t Vb=t (centsV1)

Vo=t (centsV1l) ok ? ¢ uves

mnemonic for rredicate field ? ! n
rest of name ? ! umber_c !
heading for output ? ! number_c

3 normal field ? ¢ 7

403

and

?

A normal field is 3 both~way field that needs no sgsepecisal

rredicates to be accessed.
3 normal field ? ! ues

mnemonic for predicate field ? ! n

field mnemonic alreads in use 3 trv amother
mnemonic for epredicate field ? ¢ 1

rest of name 7 ! nmitiasls

headind for outPput 7 | initials

3 normal field 7 | ges

e
0

mnemonic for predicate field 7
rest of name 7 ! ector
headind for outPut 7 | sector
a8 normal field 7 ! ues

e
[0S

mnemonic for rredicate field 7
rest of name T ¢! istrict
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heading for outrut 7 § district

3 normal field 7 ! no

8 both-wau field ! rio

an outrut only field 7 | wes
access by srecial predicate 7?7 1 no

mnemonic for rredicate field 7 ! in
rest of nmame 7 ! fo.c
heading for outrut 7 § info.c

a3 normal field 7 ! 4es

mremonic for rredicate field ? { na
rest of name 7 ! me

headindg for outrut 7 | name_c

3 normal field ? ! no

a3 both-waw field { no

an outrut only field ? ! ges

access by srecial rredicate 7 rno

.o

any imeplicit field created by ancillary conditioms 7 { no

more dats base rredicates 7 | uyes

mnemonic for data base predicate 7 | o
rest of name 7 { rdanic
rredicate name 7 | ordanic

no. of exrlicit fields for this rpredicate 7 { 5
do sou want an interface epredicate for this db one 7 ¢ no

mnemonic for Ppredicste field 7 I n
rest of name 7 { umber.c

headindg for outrut ? ! number_c

a3 normal field 7 ! ues

mrnemonic for rredicate field 7 { u
rest of name T { ear

headindg for outrut 7 ! gesar

3 normal field ? ! ges

mnemonic for sredicate field 7 ! dt
rest of name T | itle

headindg for outeput 7 § X

a8 normal field ? ¢ no

3 both-way field ! no

an outerut only field 7 ¢ no

access by srecial epredicate 7 ! no

+

mnemonic for Frredicate field 7 ! dn

*

rest of name ? { ame
heading for outrut 7 ! X
a2 normal field 7 ! rio
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3 both-waw field ? ! no
an outrut only field 7 ! no
access by srecial rredicate 7 I no

mremonic for sredicate field 7 ¢ i
rest of nmame 7 ! nfo_o

heading for outeut 7 | info_o

a3 normal field 7 { no

a3 both-waw field ? ! no

outrut only field ? { uyes

sccess by srecial rredicate T ! no

any implicit field created by ancillary conditions 7 ! uwes

mremonic for field created by an ancillary condition 7 ¢ d
rest of name T ¢ irector ‘
heading for outrut ? { director

result is Vé ,

what is the ancillary condition - do mot use blanks ! - 7
t V6=V3iV4

V6=V3tV4 ok ? § ues

more ancillary conditions ? ¢! nmo
more data base rpredicates 7?7 | ges
mnemonic for data base rredicate T ! &

rest of name ? ! srlication
predicate name 7 { arrlication

L2
~0

no. of exrlicit fields for this rredicazte ?
do wou want an interface erredicate for this db one 7 ! no

mnemonic for rredicate field 7 | n
rest of name T ! umber_c

headindg for outrput 7 ! number_c

38 normal field 7 ! ues

mnemonic for eredicate field 7 § t
rest of name T ! dre
headindg for outrut 7

v ture
3 normal field 7 { ges

mnemonic for rpredicate field 7 | 1
rest of name 7 { tem

heading for outrut T ¢ item

2 normal field ? ¢! no

3 both-wau field ? ! nfo

an outrut only field ? ! uyes
access by srecial epredicate 7T ! no
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mnemonic for rredicate field ? ! r
rest of name ? { esearchers

heading for output 7?7 ! researchers
3 normal field ? § ro

8 both-way field 7 ! uyes

access by,.srecial rredicate ? ! ues
when a8 value is input ? ¢ wes

if inPut value is V and field value is V4

what is the Frolodg condition - do rot use blanks | -~ 7
t res_in{V,Vv4a)

res_in(VsyV4) ok 7 ! yes

and when 3 value is outrut ? ! ues

if outrut value is X4 and field value is V4

what is the Prolod condition - do not use blarnks | - 7
! res_names{(V4sr¥X4)
res_names(V4,X4) ok ? ¢ ues

mnemonic for rredicate field ? ! va
rest of name ? | mrlied

headind for outrut ? ! value_arrlied
8 normal field ? ¢ ues

mrnemonic for erredicste field 7 ¢ vg
rest of name ? ! ranted
heading for outrut ? ¢ value_sgranted
8 normal field ? ¢ ues

mnemonic for predicate field 7 { &

rest of name ? !} rocess_no
headind for outeut ? ! errocess_no
8 normal field ? { yes

mnemonic for rredicate field ? ¢ s
rest of name ? { tatus

heading for outrut ? ! status

8 normal field ? ¢ ues

anyg implicit field crested bw arncillary conditions 7 I no
more data base rredicates ? ! no

Your consultation rProdram is in file facc
Don’t fordet arpending to it the definitiomns of the srecial access
rredicates wou mentioned here.

Bue !
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Conclusions

Frolog is an excellent unrivaled lansuasgse for this ture of

srrlications but there is still room for imeprovement Lhrouszh
research., In rarticulary ilarde dats basses require nore
indexing facilities» and multi-user asccess with on-line
urdating roses srecizl rrotection #roblems. Imrosing intesgrity
constraints is also beginning to be exrlored in the context of
lodic rrodramming, Query rlarnming snd more intellisent access
mechanisms in gemeral sre s2lso in order,
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