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LOGIC-BASED RETR

Rideki KATOH,

FUJITSU LI
Eewvaaski
AESTRAT
¥e have been developing ao inteliligent pro-

Tamming SuppoTt  ayaten B oze oF 04 D oactivi-
ties of the Japanese 2ifth pgeneraiion computer
EySiems project.

The systam supmoTis
development process  and
Engliish-1ike suezi’ica*‘":
mechanicaily translated in%o a set of first orvder
predicate lcgic Tormulse, i) logirs=tased
retrieval of software rodules from =2 module
Library, proving Tunotionel esuivalence af
reguired moduyle azd stored comes, using a2 resclu=-
%tion besed theorem provar mugzented by ‘Theuristin

the  gatire sorftwars
hes Tour Ceatures; (1)
languskes, whiah ia

(mota) woles, [3)] isntersctive sesgras sosposi-
tlon, u=sing the vetrTievel 4o fipd reusable
modulies, (4) zenevation of module's explanatory

sentences in the specificetion lengsage.
Thi papar meinly  desavibes fuastiamal
retrigval and progzes coszosiiion.

1. Iniroduction
¥e have %hesz developing an |, injelligent
software develgpaeni gupport srstem , as ome of

B & T astivities of the Japazese Ti7%h generaticn
cenpater systems (FIIE) rroies:, ta izereass the
produstivity, zelisbilisy, aad maiztaimabilisy of
softwers Tbased on logi® programzing languages.
This paper deserlilbes fhe srsten’s curread siatus.
Ta achisve absva goels, iT is  Iapariant %o

the leval of the dsasription languags. 4
reszonakble car***a*n 2% a specilication language.
The wmost friendly and esss-to-rasd spesificatien
language i3 natural lass .

Taize

aguese, wpich is, however,
enbigucns. UT EFETED  uges an Ingliicheliks
languaze o dmscrite scoliwnTe stecifizetions.
The ssmantizs of the languege erve defined by
Tirst-order predizate logiz, wh 1cn has  thearsti-
cal ‘tasis and is exzecied 4o suit login DTOETAL-
Ding lemguages well.

Hawing specilipetism lpmpusses zas B  used
practizaliy meeds auiszztic gensvation of runn
oble programs frod specifiastizns. It is, Row-
ever, yery diffiauit t =vathesise entire pro-
grazs from thelr specifins-ions auntomaticelly, so
the =ysiem wuses emsther approach: a p::g“am is
compesed  inteésaztively Tased on fanetionel
retrieval and reusse ol sof*were modules in a

=oduis librarcy.

TEVAL AND PEUSE OF ZOFUWARES MOOULLS

¥iroyuki YOSHIDA, and Masakatsu SUGIRCTO

¥ITED
Japan
£+ Overview

The system suppocss the entive aoftware
developaent procesa ond hes four features:
1
B

L1y
Y1t

{ uses am English-like sperifieatign
descripsicn language, caiied T:LLfﬂ*L
whigh im desigmed 42 be readable Tor no:

guly men but 8is9 machines.

I« uwxes an iatersctive program SoRpoSLTLOD
besed oz funsiiemel Tvetrievel and reuse of
soeftweras modules. 5

1% wses functional retrievel”, from & moduls
litrary, of sofiwers module= thet logically
gatisfy a glven specificpiion.

1% generatas explanasions of Prolog progra=s
im g naturel-=lpmpuaze=like siyle.

Prograz
coapesition
sLDEYELER

e

Coozanas

apd Vodule
s;eciEJ:atiunE,/; anal likrary
m—————

Vel
suasYAten -

Baplanatinn | -
b genzcator | TELL/NEL
ELiSIELeS arsar
| |
'-Fr.__‘_-‘-'i
T ntastic [
ﬂlﬂ'lﬂra'}l 4n:
EEZantiE
] ruies |
—
Figp.! Evsien conlligusation

The systea :an:::': n’ fu"“ subsvsiene end &
madule librery, &e The -a:gs?
aAjaiioes s;a:Lf::a-~:: ani
geamrates  sets of .ug the garce
meenings. The eadula galtwars
wpdules; e&ch podule iE v*de* into WO pETYE! 3
specifisasion, represenied by logical farpulas,
g1d a program coded I Prolog. The mnoduis
librury is mmnaged by the functicnal retriavar.

roulas w:,L
poan=

&

1, e

Though thevs hes heen much TeseaTsh  on
gutomatic program syzthesls, it is 5.1l fas
practical; our eystem u=es Bnothes Wey, eoEpoaing



programs  froa  reusable sofiware modules. This
increases the prodectivity of programs, but it ia
difficult to find modules that will satisfy glven
gpecifications omniy after slignt modilication.
The =syatem Tinds reusable podules  that have
egquivalent or similar specifications to reguired
anes by using a Stheerem proving technigue with
heuristics.

Well-written aoltware specilicaticns nat
enly facilitate maintenance, but alac meke it
ewasieT 0 reu=e the sofiware siored in the zodule
librazy. If seftware in the module library can
be retrieved empsily it improves productivity sige
nifizantly. Although awiomstic vetrieval 1s
desirable, sizply matshing cnataciers iz Dot a
praciical method of retrieval. A rTetriaval
methed tased om scfiware functisoms iz reguired.
It iz ipporiant to graep the “semanvics of
specifications” as dintended by the prograomer  in
ene form er ancther for sezanticai Detoling.
This section dissusses a mathad for reatpisving
software module functions, in & prograaming
environment such ag the TELL system, that can
forraliza semantizs of spesifizaticas using
first-order prediceie logical Jormalzs. This

zethod uses vesclutisza and heuristics o oets
first-order predicate logical foroulae.

The mystem iz imglemented naing C-PFroliog on
A VAR-11/780.

I. Specification Dessription lensuase TELL/WEL

The rnur trpss of nodules +hat cin be
deacrited using TILL/NEL ar=:
(1) Tunctipaal defipition, ezuilvalent o0 &
p'edi:a*e or function
£2) Class definition, ejuivalieat to an  eksiract

data %yoe

(3] Acztion definition, eguivalent to & paTailel
Srooess

(4} Iyremie elses defimfilon, egoivelant  to

shared dats among proceszses
The system ecurrently supporis oaly funstional
ierinition.

Fig.2 shows, a% a0 eza=zple, =% ef a
grecilication of the eight cusszns suzzle using
T:LLI¥EL and a correspeading set of logisali feor-
maida, wiich represez:a the =esaing of the
specification.

morf

“21L/U5L i3 charact € ty natursl ELel-
wise refinement through lexisal decsompositicn. A
woerd o paTase sscrespords Ta B modula, and  the
5p=cifiuatiun descri;:iu: ef sach nedule exrliains
the meaning of the word oy Phavsse in & nesural-
1&:52339 2ike form. Thz words in the erslasstory
ztate=ant provide further sxzlszations as auxili-
&7y aSedules wihich arte suboontrasiors of she ori-
ginegl =aduis. Thps, the =sdals structuTe azi the
internodule Laterface of tha entizs sn’*"ﬂ“ﬁ ara
deterained netursily ‘tesed oo the exsianetory
sTatezsnt Iin TELL/NSL. Tra satiezs of

EFEC...;J.-\..: TLUnE

ad
-

each Zoduze deline the logisel welatiomshiz ta
the auxiliary opodules apd are transiated inte
reiatively eimple logiesl forzulpe,

The first seatence of +the specilication
defines a predicate naced eight gueens_sclution,
wLich has an peTameier T thaes be ampa *ta  ths
claem arTapge=ent and is di-.ﬂtd she following
TWo itecized gantancaes. it zi:EE genlenses

also include other predicates pleced and cheeched,
which are defined in &  similar way &8
eight gueens seclution. Thi=s  process rebesis
usntil predicstes are defined by ‘bullt-in preds-
cates.

Arrangement’ X ie an eiznt oueens sclution
means that

1) Eignt queens are placed in X.

2) e gueen 13 checked by azy other queen in E.
end eignt gueans selution;

Queen Q1 i= checked by queen G2 in grrangement X
means that
1) 91 and U2 are on the saze Tow in X or
§1 ard 32 are on the same column ia X or
Q1 and 92 sre on +the same diagonal in X.
end checked;

¥xz[ eight gueens soluwtion{x) =
=10 xﬂ_‘ AOMT1TE emecked (X0
;S *qutE = piancd{q.

-

s i
E?'

Yx¥os¥%g! L checked{gl,q2,x)
on_the same rowigl,a2,x)
on_ hn Same c&lJﬂnfq1,qE =) |
an_ tﬁe same dia;ﬁﬂa-{q 1G22, x]

p
N
(8]

ght-cusone gus
s

The parser enelvzes specifications writiea
im TELL/DSL mnd genecates in first-order lozicel
Eor:l.u a¢ with the mams meanings is izpig-
mentad using & ool for hai-ﬁ:rg botTom-uy
paraers, called BUF'. The syantaz &nd se-gnti:
rules of TELL/YEL represexted by a 037 are
translsted into a set of Prolsg predicates Ty the
UP tramslator. Thosa mredisates oonsiTuct he
parser with & Iexissl analyser, the 3P runiize
routines, and ether mispsilipaecus rousines.
tricily speaking, TZLL/NEL is mot o :Lt”f?*
ienpuags, but a frrmal language, 25 It heg wolls
dafined syntactis ecd sementle Tules. Topa  E

.,
viewpoint of implementing its parser, howswsr, IT
has echarasteristics of hoth meturel  and Jormel
langusges. This causes the fallowing fiffisul-
ties:

(%) I% aliows inflections of words, 8o & diz-

tioma=y of irregular woTds is DeceEsETT.

{2} I+ has lefs recursive syniax  rTales, whizd
dees  not enabls the pergsr L0 use a1 effef-
tive top-down peTiing aizerisho.

{3} ™e above *we probleas come from matural
language chervegizristics and, in sumz
formal languaze ones Teguiss pozZe
gheck, which contradiets oon-3desars
The parser has very little errsr chelilng,
se it feilzm furing azalyeis of 1llegal 2em-
tegmzez, and proviies no 4nfarmation Mo ihe
uyser apsut the ervoTs. This is big =Ts Le:.
besause the uss-z are forzed lesrn the  3FT
tax prezisely.




5« Funetional Eetrieval

5.1 Introduction

Hoet software module vetrieval methods &Te
based on textual maiching of specifications or
Fregram codes, so they cemnot find modules that
ere functienally eguivolent to A reguired one but
nave a different forz.

The principle of functional reirieval is to
Frove  the enquivalence of two specificsticns that
&re represented by Jirst-order predicaie 1@E:ual
formelee. It uses ordered limear reacliuticn” Tor
this proef. The spegificatioms of meodulss are
translated into relatively simple logilsml foarau-
lae. Therefore, a sufficie=zt response speed caz
e expectad even if the Tesolution prineiple ia
used.

Simply proving equivalence iz not sulficd
¥hen {rying t0 retrieve goftwars =odules which
are not eguivelsnt, bet wRizh can be  oade

gquivalent with slight modiicetinn.

The prover i35 acgmested bty  introducing
heuristics, whisan are usel wheno the nracezs of
proving eguivalenze stisks end adds some assuog=
tionz  to =axioms. Currexily, +the Furmotionel
tetriever has heuriatins thet chenge %he ooder of
perameters, make certain perameiors oomemtant,
end/or reneme subordinete predizates. Thess  can
be sesn as o highe= erdes wmifipsticn. .

It =hould be noted thes the eguivaleazs of
*we formuise insiudes  +he eguivalencs of thelr
subordinate modulss. For moduls TesTieval, Lowe
ever, it im mot mecesszry t: prove sasples
ezuivalence, only partial or locel esuivalesce.
The pregrem of the oodule faynd will gezeTally be
wodified by the progroomer Sar & gpecifia  use.
The =ystem tT¥s t2 prove (usder some assucviicns)
lecel equivalesnce, i.e., the fscmulae o e  eoz-

B

his method uses the resolu*ion prin-

t the gguivaleace of logisal
ormuzae,. 8 spesificaticon ‘s fetemmimad %8 ba
suzeble if it i3 logicelly ecuivelen: to tha
aput specifisgticn, regarilass of diffevences iz
sheracters of expressions. FOT eraspis, Doduls
elzht _gquesn _punzis with a specification the:  2on
be tranalated 2z sncwn iz Formuls (4] hetow i
reuseble a3 moduls uight_quae:s gciution ghown i=

T - o

Tz,
¥:lsight queens puszlele) = (5}
T11¥edlchesked(gl,52,2) -5 gt=az] & .
sSLi51%3 & ¥olos = plased(q,el}])

In Tealj

however, a  ooduls pRAstly
ezuivalent to the desired goe is

galdon stsred in
she litraTy. To use the fumesissal resrieval
systen ellectively, npeodfules that are pi=ilp= =n
Som3e extent oust 2lgo be retrievabls.  The poohe
lea iz uader what condidicns  Enoulé the twn
specifications %e rconsilgred similaw. Zoceuss
the main purpese of the functisnal retTieval susa
t?; ig %o pronstf T#use of programs, 1t cugt be
a3-2 1c obiein toe desired Tr-ogve:m sasilv, merels
by precessing the progsams of she rocsiaved
medyies. Thersfore, the funodione? “rzaval
systel Dust not ¢nly anawer to gimlier, buf cuss

alse provide guidelines as= to what part of the
program toxi should be processed and  how. The
methed tentatively checks whether each of the
following thres caven and any of their combine-
tions azply, to determine whether two specifica-
tions are similar;
(8} Difference im the order of parsmeters

Iwo gpecilications sre equivalent except for
the order of Jormal pevaceters. For example,
modules successer and pradecessor having epesifi-
catiens fransioted as shown in Formulase ?Ej end
(%), respectively, are logizally eguivalent 4if
the two formal perameters erz exchanged.

Therzfore, if Pormulse (2) iz inpus, the
Tuncticnael reirieval sSysies will return forauls
{4), provifed that predesesser is stored in  the
library.

very[suzzesserix,y) = 1'i:::ewent(y)] (2)
¥zkulpredecessor(s,v) 8 increment(z)=w] (=1
¥xvy|successor(x,y) = prefszesserir,x)] (2}

By tazing *he program text of zodule preds-
cessor oult  of the library and by replasing all
ociurrences of (he Jirst parzaeter z with ¥y azd
all ¢f the second parsmstcar w wWith x, the user
cez obiain the progrem of th: new module suzses-
50T,

(b)) Diffarence in suxiliery apdules

Two specifications will be aguivalent if the
subeontresting suxiliery =eodules ave rveplaced
with pipilar ones. For exgssle, ian module sort
end =module generate teat Zuving the speeifice-
tiong trassliated as shown in Formuls (5] and Fore
muia {6}, reszectively, ihe originel modules sTe
pauivaliens, masuzing thet gurilizsy modulzs pem-

kg kims ged sgrpmohgd amd pemegd smd eesbhad sm
RaWRVLTD EDC ZSLNETATEL, AmS SSTVEL. GnLa VEIVEa ATE

logieally eguivalens,

ap e T =

VeFyisactiz,y) & &3
seruievion{z,y} & accied(y)]

Yz¥w| gamareta ‘et w) = (2]

gemeratediz,w) & teszad{w}]

Therefore, i Torzuia
fuactional retriever will Tetu
Fermulse (2 ond (93
esuivalenzes of auxiliasry sedful

=1
—

- " r
Yxbr{sersi{x,7) = generated testix,¥)]

ar T -
Vv pesmutasion(e,x) » gereratedix,y)] (g}

1 r f [ 3 -
¥risortad(x) 7 testedix)] {21
By texinm the =mrop tart of modula
generete teet our of the =adule litravr oend
repliacing 21l cgourrenges ol the auxiliary modula

neme ganarated and  tested with peTouTeticn exi
sorted, Tespactively, +he user ebtains the pro-
grEma 07 the maw =odule se=+. It skould be no:

thet this method does pot werify the assuzpticns
in Foreulae (8} and {g). Trerefora, modules hav-
ing eemrvlietely different functisns  may e

v

(LT}
(¥ 5

retrisvei by this methked. Howewer, a3 shova
ghove, the programs of asdule generTate feat c=n



eagily e reused regardlesz of whether Formulae
[8) and (%) are s=satisfied. Auxiliary =odules
permutation and agrted af the new module aprt 2AR
be used as is, if they airesacy exist a9 mcdules.
If they are now medules, apecifications are
defined for thex and reusasle =zodules are func-
tionally retrieved from the litraty as for sort,
in which case the retrieved modules need not  be
generated or testad.

5.% Conslusion

T 7 "Tnia secsion has presented 8 methed for
retrieving reusadle software modules by verifying
the eguivalenze of fivst-order predisate logical
formulae given as their apa:ifica“ﬂn5+ As long
g2 the specificetions ocan be stipulated by
first-order predizase logzical +ﬂ:mulae, this
method can e applied regasdiess of thelir iople-
nentation lancuags.

This metheod i2 net, however, suilicients to
retrieve 8l1) oodules having specifications legi-
cally eguivelent to those input by the wser. It
iz also tmae that the stecilicetions of the
retrieved modules zre not always equal t9  new
specilications. This iz mairliy because the aurli-
liary modules and the specifications of the data
structure to be cpereted on by them are Dot
referenced when determining whether two modules
are gguivalant.

For !nftwara developnent, however, it is
desivabler to deieraine the usable podulas at the
gerlizat peoaalblie stege to promete the Touse of
modules, as well as to ezatle sescieval without
comnlete detailed description of thea epacifice-
tions. The=afore, the objective of this methed
is mot to verily the loglcal EQU'va“enca includ-
ing specificavions module {auxilisey predicstes
and dats classes) being refaTenced, btut f0  Sind
aimilerditiss in  their “refereace forms." The
zethed assumes that if the Telsrence forma  in
amezificetionzs aTe similaw, the intsrfaces bane:
en the procTems  that  implemeat tham ave &lsec
similar and, thercforn, cen be eesily rreuscd. I3
this methed, the ejuivalence of specifiecations of
wuxilizsy oredicAates iz determined molely by how
they are called and how parzueters are given.

Uging this zathod, o progTesser cam use  any
nart  of the veusable wodules et sach step of the
ELEDNL348 Telinemernt. The prograpoer ¢an also
Turther raline pruzebh e PETIS.

£+ Frogrem Comoeosition

_'...Ou'l.il:::l.l}'!
Frogram compozition is  hasesd on rveuse of
=odules  whish ar ratrieved frex the oodule
ar

Tig.3 shews en ex=mzle of cozposing 2 pros
sram ¢n the same row by TeUBing
on_Lhe saos coizon.  Tha geneTal composition PTO=
cems  Zs s3 fellovs [the =< ez iniecies correspond
to the ones in Fig.3):
$1) The progTemmes writes the spesifisaticn  of
) the pDodule e wanis using TELLSKEL.

2} The aysteas converts it to a =et of logical
formulas using the pareer and invokes the
faneciional reLriever hq] find aimilar

modules.

{3} If a module ia found, its specilication and
progran Aare gpresented +to the programmer,
witk eonditions for the module to satisfy
given specification.

(4] The programmer determines whether  the

retrisved module iz suitsble.
If it im reusable, the module is registered
in the module likre=y after eny =wsgui=ed
gditing. The composition Process 1s  sus=
cessfully completed.

(%) If no sultable module iz retvieved, the mro-
grammer  writes the program by himsell,
refines the specification dividing izto some
sybmodules, and repeats thie process from

(1).

(4% Given specification

Quesn Q1 end gueen %2 &T¢ gn_the zame goLunn
in arrangement X means thaz
“1) The X _coordineze of the pesiticn of J1 in X
im ke % _epordinnte of the position ef Q2
in X.
end on the szame column;

(2) Logical formulae of above

¥gi¥a2¥z] on the saze cn‘umn{q1 g2,x) =
X cooriinete(pesiion(gl,x)] =
'l ccﬂ-q1ni.n{nus..-an{12 )7 ]

(3} Similar module reirvieved

module:
auesn 37 2né guean Q% are on the EEza ToW
in arcazngezent T meana that
%) The ¥ coordinste of the positien of 91 in X
iz 4ne T cosrdizmete of the positica of @
in &.
eni on the same TOW}

1¢gi~a” formulaa:
¥yl rghwx[ oo ihe saze Towlol,z2,x) =
¥ EO"rﬂiﬂEte[“:zltznnlq1,I}} =
¥ coordinats(pesitionis?,x))]

squivalent condition:
vxix_coordinsse(x) a y coordinate] Txh]

program of on_the same row: {in Prolog)
on_the sans rn#fanﬁE ) z=
pnal..dn[¢1 JL.Ph,
y_puurdindtu[?1,h;
positien(g2,X,22),
r_puordznn:ai?E.H}

(4} Progran of on_the_same sslums conposed

on_%he same ealuma(ol 52, K] :
Uﬁh-u-ﬂﬂ\d1 R0,
x ﬂnu-diﬁabe[“.,m‘
posstioni2, X, B2l
;_pn:rdinn,efﬁzl WL

Fir.3 Exanple of zrogras gompesiticn




Notise that the programmer must  determine
whether the retrieved module can astisly his pur-
pooe; 1% is too Adiffieuit to pake this decisieon
gutomatically. The programmer must also sedlfy
tne module's program correctly as reguired.

£.% Lonclusion

T 7 TTne functional rtetrisver is so powerful that
all the prigraz compsses hes to da ia lnterpret
gyaer's commonds and contrel the flow of the pro-
gess. Program composition s one application af
the funetionsl reirieval system:.

The abave process dees not  depend the
programming  langsags. In the ec=s3e of a logic
programning language euch ss Froleg, it seems  to
ba BEELET than for procesural prOgTaccing
tenguages to do  step (4} autometicslly, bul
further Teszezw=zh iz rveguired.

g  the

l‘ Fynla

z:ion Generator

The explansiica geserztsr enalyces the pro-
grams of modules =snd gonerotes DAtUTRl lenguage-
like senitemces that explein ths logie of the pro-
ETRES. Tne explenatisn peoerstor is to be used
in design, creatien, and maintenance of softwers,
gnd makss it easier to undervesand the Iunctions
of modules o be reused.

The afplanatian gexesptor currently uses
rather aimnle methods. It hes its owo databasse
that contains the %tesoplates of explamatisns  of
modales. k template coasists of the nape of the
modwle, its paremsters, and the skeleton ef the
sentesce o b2 generaved. The explanaricn sen-
erator ini+ially has #he siwsletons for  th
puilt-in Prolog predicastes, and users puat T
ter the templat=s for their predicates. TEL
iz uwsed to make registration easy.

£ om
éﬂ"_ﬁ

wl U3L

B. Comziusions and Tuture Werok

Uging Prolog, we heve izplazented & pravd=
type software develzpment zeoosuliatica sratam.
We haye lparned that it isa Teasikle 10 uUse &
weta=-defined subset of maturel languese es a
software speocificetion description language. A
aawariul peshed $0 reirieve sofiware nmodulses hes
algo been prasented.

Wa zlan %0 develan & Jazansas-langsuegg-llike
specification lamcuage, end eveluaite it iz agpli-

cetiona.
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