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Abstract 

Withthecxpendinguseofdet&escmanaganausystansendthe 
npid mte of dunge in UImputer tedmology. pMicuMy the edvalt 
of mom wwuful wotkstetiats. ton&r with st&tderd locd end wide 
area n&vo&r. then is an i.ncGmg need for the ebility to eccess 
data diitrihuted l ~0~s diiemmt dat8tusu. Tliii can mean that uscxa 
needtole8msevenldiffuuttquwylutgueges inonkrtobeebleto 
manipulate theii data setisfsctorily if it is held in severd distinct 
databus. Recent work in hetemguteous diihuted detebeses [1,2] 
has shown that it is possible to tmnslate eutanetically queties posed 
in the query letlguage d one dat&ese system into the query language 
of mother &t&se system. At Cettliff we have colleborstcd with 
ruearchers at other U.K. univetsities in the development of the 
PROTEUS [2] heterogeneous distributed detelaue system. ‘Ihis work 
invdved devdopittg i number of sepemte ~asl&rs. by tmditicmel 
mdtods. which trmshte aueties between diffawtt source auerv 
lmguagis hy mm of e’cammon 
(called NQL [2,3] in PROTEUS). 

ilmmdiate query lrutgbgk 
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languegetr8nsbrptc&&&uleutforthegZlrenlfemiiidf 
t&tionelqutzylengueges.‘Ihistheotyhubeattestedbycmuingr 
mete-transkiat svstem. imdmtatted in PROLOG. which ecceuts 
specifiutions d ;ly mkioid query language as i new input aid 
output language fa the system. mspectively. end fmm these 
spedicuions duiva tmtskm hetwem the tlew latlgtuge and evay 
ahert&tiolulquay+tgusgeAbdyknowtttotlte~systa?t.The 
solute-to-sate tlmsl+n buwdl query lengueges ts amed au 
viaacommotlintmmedue tmetFpluult8tion,whichis~to 
=P-~Yparibkqwfrom~YrektiaaJq=Yknkurge.’zh~ 
pqer autlii the dulgn ml OperatiM of thii tmtlrktral system, 
assesses its wolth and h&fly diralssu some d its patalw 
rppliutionS. 

1 Introduction 

The increasing power d mic&nini canputers her meult thet a 
grc.eternumberofdispuxdbrrbueusersitesc8n8ffotdlocd 
&mputcn which ~WC &fkkt power end ~gt”,~$ 
theii locd mau-bemalts withoM nawne 
itutallation. Pklld devcl~ents in computer netwotks heve laii l 

slnmd foundation far the tdieble tnnsfer of infomution between 
computers: either bally. over loul w netwoks. or mnotdy. over 
wide. mee netwoks. These edvettax heve provided l fii pletfonn 
for the rb&pmam d ‘disuibuted’ duebeses end encouraged 
research into ways of utahlishing them. At pmsau the distribution of 
data may occur in four besic types of mod& hamogateous or 
hetetogalcau vuiMts of disttibuted orfedaated deteblses. 

In heterugcnams systems [4] tke is e need to tmnslate queries 
in one dmhds naive quety lulguege @to other vefy 

uages. lt is deer fran the growing populenv of rdettcnal 
rys-=. eY OQ mictomm~rs, tlmt m My futum 
~etgenn~ysteftt them will he l patfntial mix of catst+tmt 

SysteA. such a 
m8mfmmealmputersnmnmgevatletyofr&ttonal 

will hrvc seveml different groups 
of users, e&l group Md pldating to use a 
different quay languegc. as CM catvaliattly he 
a- ly &vdaping souIce-u)-soutce lvhiolt8l query 
1MguJge vpulrtrnr 
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Relatiaml databases built on micro computers often expand to the 
point where they can no longer efficiently exist ill their entirety on 
such . machine. At this point the databam can be tramfermd in tofo 
toardationalsystemonakrger.moN lful compllcr, thacby 
losing the advantages d kal user cum0 2”” Altcmativdy, to mittimise 
this drawbadc. the most fmquently used data may be mtained locally 
udjurtthe~iducbeupolled.Ineitherarethecbngerhauld 
ideauybeutrMspaNlltupossibktothelwer.However, the krger 
machine, uucially. may MI have availabk the pnicurar databau 
system used m the micm ccmputer. A suitabk relational quety 
language iuter-transktor can be used to make good this deftciency. 

A krge aganisation may have established a duabase under au 
existing mktional system, hut waut to access the data tbmugh a new 
~ktional system. Here again. an appmpiau t~~ktor can be used to 
give tmnspatmtt access to the data. 

Tlms it can be seem that quety language transktors am in mueasing 
demattd. As m example, the.mcent PROTEUS research Project [2] to 
develop a heterogenemts dut&med dstabase system mvolved the 
pmductim d some doxm tmukton by a mnnber d mean3 groups, 
mcludin auselves. wotkng iu paralkl over a period of two to thme 
YWS. #iI e transkton OmceNed WeN developed sqmlely by 
traditiatal methuds to tmnskte betweet diffenmt w quety 
language8 via a camnat. iatermedia~, inted Network Query 
Language (NQL [2,3]). Successful as thts colkbomtivc effott was. it 
was dear that a XII- mae pmdudvc way d developing 
suchtmmktomomdedtobcfouudfortbefuture.l+tu@elythe 
PROTEUS pmject itself provided vakabk poinmts to the way 

procur.alcutforthefunilydlelrtionrlquuykagurgu.Tbusthe 
idea of a meta-translation system for this pm~ose was ccnceivud. The 
followin sectkos consider in tum the ardmecmte. opemtion. value 
andap&catiidthemsultautsystanthatwehavecmated. 
beginning with a diision of productive methods aad meaus of 
transktor cutstructiat which have intkenccd our choice d software 
technology forthe meta+amktkn system. 

2 Productive Methods 
and Means of Translator 
Construction 

A transktion system consists of three iutemamecmd main pans: a 
‘scaamer’ which does lexical analysis. a patser which dues syntax 
analysis md a code-generator to perfam semantic and synthetic 
actions. The approa&u tdiiaully used to wite translation 
systems ale: 

(i) to write a band-coded ‘scaun~’ and ‘parser’ in a suitable high 
level langusge. This is net difftcult - for example. the parser cau 
normally he puduced in a straightforward way by modellkg its 
rtructumdimctlymttfmgmmmardthesub’ knguageconcemed- 

tr but it is neve&kss a telatively leog y aod time-cunsuming 
exercise. tjpidy lneasured k man-malths. 

(ii) to use a scumer enerator (cg. l&X (5)) aud an associakd parser 
generator (e.g. YA& [q) proenm u) produce the seamer and parser 
translator cumponatts automaticaRy. The time to carry out this 
exercise can be meuuted typically iu mau-weeks. 

hshouldbenotedthatitteachoftbeabovecasestlmparserpa~hu 
to be. augmemed with pqyam fragments written iu a high level 
knguage (e.g. C p] in the case d YACCI defining the tmnsktor 

Cu~st~ction d uansktas by metlmd (ii) invdves subsuntidy kss 
codkgefion~d~~~arnuchrhortatimcchrobyrnabod 
(i). It is also far easier to modii a tmnsktor using the second 
approach. This qpmh is themfoze the best and the favoured 
tradiia~al method fmm the pmgmmmer productivity poiut of view. 

As a result d conversations with P.M.D.Gray [8] about his 
productian d a simulator (91 writtat in PROLOG [lo] for the 
A!XRID database system [ 111. we decided to investigate the use of 
PROLOG for tk developtnau d mlational query knguage 
translators (this application of Ptcdog has also been advocated by 
other researchers; see for exmnpk the book “A Prolog Database 
System” by D. Li). Althuugh new, this approach is essentially 
equivaknt to an integrated form d method (ii). In an initial 
investigation of PROLOG in thii role [12] we developed a translator 
betwecu DBASRll[13] and QUIZ 1141. ‘lhis was a mktively rapid 
process with the tmnslatcr being encoded in a matter of man-days. 
This demonstrated that PROLOG is appreciably higher level in its 

fi 
E!r 

for source-tosource tmnsktor generation than the common 
-YACC combinatiou and ive feel that it is curumtly cue of the 

most appropriate vehides for this purpose. Cm the basis of our 
experknce with this uansktor we could me that PROLOG would be 
a most productive mtd fkxibk knguage iu which to implement the. 
design d our proposed meta- tmnsktiat system. This has indeed 
proved to be the case, as the following sections demonstrate. 

3 The Architecture and 
Operation of the Meta- 
Translation System 

3.1 Overview of the System 

‘ihesy~lem,illurtrucdinmainFigM3.l~dm~~~Fi~~~ 
has at us heart the meta-tmnsktor moduk (see tgttre 3.1). 
access to a database schema and a mmtber of transktion schemes 
applicable between mktional query kngua es and a common internal 
relatioual algebra tree repmsentation (c 9 . Fiiure 3.2). The meta- 
translator is linked to only one input query kn ut 
que 

7 
knguage translation scheme at a time. l! 

uage and oue ou 
P g. If RQLi --> me 

aud tee -> RQLj are the curtem iuput md output query lauguage 
translation schemes, mspective-ly. an RQli to RQLj trausktion is 
implkd. Rektiunal quay knguage to internal tree transktion 
schemes me spfdied via the systds meu-knguage interface (a 
cunpkmottary help module is also l vaikble to give infomtation on 
meta-language COlUtN&r). Imemal tree to telatioual query 
knguage transktiaa schemes am specifii via an interactive fotms- 
based interface 

In operation, the systan has two distii stages. as Fiium 3.1 

cotrespaxdmg source-to-soume trmsktitm between the two query 
languages concerned (RQli -> RQLjr 

3.2 Components of the System 

3.2.1 The Internal Database Schema 

This is a simple but adequate schana cot&sting of a PROLOG clause 
for each rektiou within either the associated database schema of the 
destination (i.e. output) query kuguage a the global schema of the 
system, as appropriuc. A typical exam@ is :- 

lhirBowrtheprucnceofrherelrrionputrktheschana.This 
mktion has the key pum and attributes pname. pmmt and pweight of 
mpective types str(mg), int(eger) and int(eger). 

Temporary relations am also held within the overall schema. A 
tyPical example is :- 
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RQLi --> Tree 
Translation 
Scheme 

Tree --> RQLj 
Translation 

Soecification 

I 
Meta-Language 
RQL-to-Tree 
Interface Meta- 

Translator 
Module 

I I 
Meta-Language 
Specification 
of RQLi 

Input Query in Input Query in Output Query in Output Query in 
Source Query Source Query Source Query Source Query 
Language RQLi Language RQLi Language RQLj Language RQLj 

1 Application Application 

\ 

Forms-Based 
Tree-to-RQL 
Interface 

t 

Forms-Based 
Specification 
of RQLj 

An Overview of the System 

Figure 3.1 
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Tree --a RQLl RQLl RQLl --> Tree --> Tree 

Tree --> RCU Tree --> RCU 

. 

Relational Algebra Relational Algebra 

. 

RQLn --> Tree Tree --> RQLn 

Multiple Translation Schemes 
Figure 3.2 
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tanp_rehanr(ru 1 .Tme). 

Here Tree stands for the inlemxl tree rcpreunrrtion of the quay 
whidlgeecn&xtheintwmcdiilemlxlialalledmsl(xencxt~ 
seaiueforrdaaileddescripialoflheiolemxlueefofmr 

-lbelyaauanbedimucdlo~eilherflanrspecifiIscbanxfor 
apuIicubdcstinuialduJbuenaninucdruMaluionlilnea 
fnnnapurmnclltlylukkalglobxluhemx. 

3.2.2 The Internal Relational Algebra Tree 

TJelrc&reprclaucdhalineuinlenulhuumediilenguxgefam 
:- 

proj(scl(nl~lts.[[pnum],[pnrme+s~.pnum+int,pweight+in~ll). 
exp(gt(pnumJ)).[[ um].(pnrmc+s~r,paum+inl.pweigbl+iallJ). 
-sb=+-AI unlJF-=+~~+intl1) G 
Ihisconmpahorpmo&rvrvarrldhetrccinwhichuchtree 
nodehxsuitsfvrtrfgumaUxninpllmlelioaandUilshst 
rrgment a schana-like spuifmim d Ibe reluim tendsing fmn 
llle rpplic*ion d lhe Nluimal dgebr8 liulction d lhe nodI% Thus 
intemalueaueto&lyself-cclllainedMdanbelnnslxIedfrcal 
willloutNfaacelotheusoci8NdschemJ.Hmc8in~ ml 
~pu$rgya&h dIeme (see 3.24 below) the Is nu nmd 

3.2.3 The Meta-Language for Specifying 
Relational Query Language to Tree 
Translations 

To facilhe Ihe tmoxhioo d a mhiaul query langurge to the 
intemal tme form. a sementic mete-hnguage wxs .+vcloped. Inpl 

of lbc lxnguxgC Ihe camphe lxngur 
a spccifiial fA* If laasaly, extra d 

e specificalial is cnlaed in 
oLGGclulsespmicul?rlo 

MinputuMslMmschtmec8nbemJdedlouleasocuud 
. latial fJe aod used xx 

x+ 
UiNd. A lypial exbaa for 

GRES’s quay language QUEL [q is :- 

*1 --, Irarievel , md(R) , [‘Cl , ProjJism , I’)‘1 , 
jp.m . 

I ( mPJw4 s 

Hem,forexpositicaelclxrh inrbesmuaticaaionxKaioaextn 
clause invoc8liml ue 1 at&d byllleprdiiEc.meu-kaguye 
cQumlct apPlicuialshyML8ndPROLOG cleuseinvocuimrby 
PR Inp-mlr and gajlp_rek joiiy roducc e lii of the nuna 
(Rels)dtlumluionsuudhIheQU Lquery.lheseempurcd. f 
almg with lk join and telaion exprusionr (S). lo nlk&inJIc& 
wllicb pruducu lk. corrupmding rehicmal algebra uee Nl. 
Mkqro~um_grpJlode uka u iu erg-u Nl, the pmjechn list 
Pl (whii may include extalsion end gfouping upmssials) 8nd lhe 
aIIibuIcIlhMrllcbem~gmupcdby(iitiareI1E hp*from 
IIWUIIIC csmupa&greIuiaul algebrauecN2amrmngd~ 
colleah d pmjcaiai. extensia! xnd gmup nodu. ‘he two inc 
arguments SUIC tlm the extotsion and gruu@o& exprcssiuns musl be 
included as projdan l uibuus in Ihe pmwmn node d.thu tree. 
Mk_rrl~uiuxrgumenuxIrre(NZ)mdxrrr~rJuon- 
(R).IfIherrrSlduronlumeirbLnkchcnthcuairnacdu8 

Proceedings of the 13th VLDB Conference, Brighton 1987 

ruulllreeclaurGlhcnviilllenunedinusmrxliueruukrrrPlttienis 
sluNdinlllelanperuy8dlaM. 

wiii lhe ayslan alv ifunmm~help~cheraMliemeu- 
lMguagealnuNcuanbeNquesudby~gina~Nmc 
Anuphtimdrhcfimdaidthechedamnruqtbeinputiu 
expecuandlheautpulit~islhmpovided 

3.2.4 The Forms-Based Interface for 
Specifying Tree to Relational- Query 
Language Translations 

followinglelalioMlalgdlnrJeaiaamdelan*:- 

sc@l~~r]).up(Sexp)JHstT.s~ into New_nLume 

whid~ has the equiwla~t QUEL spedhim :- 

e*PSexpa. 

IlllheIreefomlWuplale.uppefasewoldserevelixbleMnes.Thc 
mlNspmding olepul is sp+fikd by WA? sluanalu (olupuuing 
~athevaluesusoauedwithvJri8blu)inuNperNdti 
uewlinu(nl).Ifvaluexxsso&edwilhvarixblaamnc4inlhecotmct 
fotmatforoutpaanumbcrdrdomtthgfunaiaumayhecaUuL 
For aunple, in du.aboye output spch+ion for QUEL, the dplse 
I)eqebL~ pm Ihe +-l @JPe* of Ihe sckalon 
lulcuonandllle8ssoculedreleaKmexpmssKxlfmmlhetrre. 

generues l corresponding eutput form se&don list with acb 
uuibuIeprccakdbyllleNl8limlumeRn8meMd’.’.’Ihesekaim 
cxpNssion is held inlcnully in pldii fam withau mfemnce to 
-% e.g. md(csmwmllA 
Gcn~s&outJlacdicuumrsiullybmuluullliatlnosundudinfii 
funnxndrqhcaopmtar mnalmiabyu8ndardIylnbdr,cg.= 
for eq. If &ix is nut uxdly what is required. the constmct 
gcQsel-alt~~v8r~theusermenurhdwIpecific 
--~~upcuioa~rymbdr. 

MMyrchioMl~quuylMg~esxllowuraxu,perfoml 
moNllunmerrAdaul~etnopmuuninrsingleNlcmcnrA 
cumna~exmpledlhiristbauadprojectiondrclraim 
loguhu.sqdur8lllheidounuim alringlenodullubeal 
mIeNd,~lhesys&sainvitutheuserlomurinfo~~l 
l-illllpaUCflOdUlbacUCNltCNdCXpliCi~byrheUrU~preordu 
Kquala,vix:- 

Ihe user is then lblc to specify the cquivxlcnt output quay lxnguxge 
uuancnl in the way shown previously. 

Cunposiu nodes d tiitmry complexky mxy bc cnlcmd in the sane 
nunna. for example :- 
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wj : attrs(pname,pnum), [[pnum],[pnum+int,pname+str]] 

v 
sel : exp(gt(pnum,!j)), [[pnum],[pname+str,pnum+int,pweight+int]] 

* 

rel : parts, [[pnum],[pname+str,pnum+int,pweight+int]] 

A Relational Algebra Tree 

Select pname pnum 
From parts 
Where pnum > 5 

The Equivalent SQL Query 

schema(parts, [pnum], [pname+str, pnum+int, pweight+int]) 

The Associated Target Schema 

Figure 3.3 
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pmjulthjoinsclrclaelrel 

ia a usdill cunhination of upcntiuns which an he spezificd aa a 
ccmpooile mtily in tlanshlal schcanu for many altput quuy 
WP 

3.3 Using the System for Translations 

-fhectumttqufxyisthaltWl8tedmdthecurmltubluankept 
Ni&awithiatbesJrstanenvimnment.Motcquetiucanthenbe 

fortNattoniathes8mew~y.diffeteDttnnsluionsau 
orthesyualanheexitcd 

Theuserintafacehasbeadesigneditttbiswayp6mafilyfof 
pmsaluIiul pposu. obvioluly, nmnul cnuy d lhe input quey 
lMgu8genrmq~antldbe~ted.Also,fu~varLuMcuuld 
bebuiltusiagpae-selcuedinputmduttputtnn&umschemes. 

quely @I its own language) and annplete the processing of the quety 
qainst the luumed intenncdiite data. 

4 Evaluation of the Meta- 
Translation System 

4.1 System Performance 

Input md oorpu trrnslator 
iii2 

for DBASEII, QUEL. a lii- 
onentcd QBE rd SQL hrve l-sfillly devdopd using lhe 
syaan. lkse mpruat all the ~8ilable types of rclbnal query 
l8nglug~ uamcly lrhtiaul algh, tuple-hased lluunal ulculur. 
danam-bascd &tiaulcakulus and mkionalalgcbnul~ 
hybrids.mspcctivel.lltc 
pm&ce.uking*x 

tlMshon wem vay stmigtldonv~ to 
art time and liie dfolt. All wae rucarrhruy 

tutcdoarcomprehmsivesetof34umplequeriu. 

4.1.1 Performance Measurements 

To develop. translator from a rckiaul query language to the 
inlanrltroeformtooknomaclhrm~few&yr(~tmOn~w~~’Ihc 

sg.c:pm input lcquired vuicd llctwua 50 and 120 PROUX 

'Ibemnsl+onproducedwercdf~ian.A 
took8ppmmdy 3 

ial complex query 
fiveIecatdstohetNlsl8 betwcutanypliof 

sume quay languages us@g at. intetpraive vetsiat of Pmlog 
(EdinburghNew~ofPtdog(NIP)onrVAXg2JlO). 

4.2 Advantages of Using the System 

lnnslucuinatmditiuulln8nner. 
systanareMmmwiudufollowr:- 

usily’and qllkkly devdopd (see typical 

thmhutomllptneth~.Iuchu 
th8tUUdbyYAoc. gmlyfacilitatestheuoassd 

to tree semantic mudanguage has only 17 rimple commas md 

plojectMdrukunodcThistlmculldthalhe 
Tzz; annposite~MdMout~quuykgaemlcdwh 

thetwoopemtaaIhisptmcipkextatdstoomtpositenodesd 
ubivuy-pluily. 

5 Applications of the 
Meta-Translation System 

ln thii rection we bridly imvey some d t+ applic8ticiu we fofesce 
ahrvelLudyprototypodforchistnnrkuonsys~.~~kuKd 
inhctetugmanasdi&utcdandfedcmtcd&tabasesystatsrs~tuol 
for Msluin 
to pmduce mntulds for existittg IvMalal dat8base systems to f 

quuks between different lelatialal quety languages; 

mable uscn wanting the facilitiu d non-native nzl~tiaul .quc’y 
LnguAguto-lhosery~r;u~lodu,opim~quuierm~y 
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nl8tiolul du8b8s8 sysmll; md a 8 lmching loo1 for helping a pen00 
familiar with one mkioo8l quuy language to learn uuxhcr. 

type in 8 quay in the hngusge he knows &cut, d the equivalau 
cruywaddbcanpllinthelmguagekiglcamrl%ispmcc.sr 
awldbercperlcdfor~selksofquuiuofincrusiiannplcxily 

5.1 A Query Translation Tool in 
mtiltbswwhp8gciam8sted. 

Heteroeeneous Distributed and Federated 
Datab&es 

lll8syst8l&8srlod.culpmvid8tnnsl8torsb8lwomquuy 
lmp?ga in 8 ma8 dfknt md cost4f8Uiv8 mamcr than 
~~~y!Jy-s II will m8k8 hu8rogm8our d8l8b8s8 syuans 

8smhmammtwirhll8wquuyl8ngu8g8swillbe 
made signifiidy simpk-r. Using the system we have &euly 
devclopcdlmn~for~oftbemrjoflypesofrrlrtiavlquay 
lmguagr-lhaewaedcvdo@in~skwimemdtestedthomughly 
~~luge-+-JfF= ccwuing8ll~dr8l8liaMlqll8fy 
op8ntian.-bahmdividurllymdincanbilulial. 

5.2 Front-Ending an Existing Database 
System 

5.3 Query Optimisation Applications 

datinuialsit8bda8 
lmguagefarachsitc 

5.4 To Teach a New Query Language 
(Learning by Example) 
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