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Abstract 

Educe 1s a logic programmmg system for handhng large 
knowledae bases It was constructed by fully mtegratmg the 
Iogle pr&qamm,ng language Prolog and the re!atmnal data base 
management system Ingres Educe uses a hybnd strategy for 
the evaluation of querws TIus strategy 1s bawd on two 
contrastmg strategws The strategy known as sets retraeval, 
transforms recur~we and non-recurswe queries Into a form 
swtable for evaluation by a relatIona data base management 
system The other strategy, known as one-tuple-at-o ttme, 
evaluates quervzs by umtatmg the evaluation strategy of the 
programnung language Prolog In earher ver~lons of Educe, 
users selected the strategy by usmg two different query 
languages In order to remove this responsibdity from the user, 
algorahms to map expresslons from ather of the languages Into 
the other were unplemented and added to Educe Tlus paper 
brIefly rewews the nnplementatlon of both evaluators and the 
mappmgs compares the baac strategies of evaluallon, and then 
proceeds to explam Educe’s own strategy 

1 Introduction 
This paper discusses the design and nnplementat,on of Educe a 
logic programmmg system capable of handhng large knowlpdge 
bases Educe uses B hqbrld strategy for the evaluation of 
quenes Tlus strategy 1s based on two rontrastmg ctrategles 
The strategy known as sets retrteval transforms recur~we and 
non-recurswe querws Into a form sull able for ebaluatlon b) a 
relational data base management system (RDBMS) The other 
strategy, known as one tuple-at (I t,me e\aluates querws bk 
mutang the evaluatton strategy of the programmmg language 
Prolog prolog 

A number of alternatwes for couplmg/mtegratmg Prolog and a 
relatJona1 DBMS are presented and dwuswd 

lkb9, Stong5, Vass84, Venk85, cpdb, Zamolo, SaWarr/ Ed”: 
was constructed bv the couphng/mtegratlon of a deductwe 
component and an external data base (EDB) component jkb9j 
The programmmg language Prolog 1s at the centre of the 
deductl\e component, and the relational DBMS Ingres 

lmgres was used for the EDB component [G&35] 

PermIssIon to copy wlthout fee all or part of this matenal IS granted 
provided that the copies are not made or dlstrlbuted for direct 
commercral advantage, the ACM copyrIght notlce and the title of the 
pubhcatlon and its date appear, and notlce 1s given that copying IS by 
perm~s~on of the Assoclatlon for Computmg Machmery To copy 
otherwise, or to repubhsh, reqmres a fee and/or speck permtsslon 

At the top level, Educe offers users two different languages one 
following the non-procedural style of data mampulat~on 
language (DML) for RDBMSs, and one with a style close to 
Prolog We refer to these languages as loose DML and close 
DML, respectwely Expressions m these languages CM be freely 
muted m Educe programs In terms of Implementation, there IS 
a close correlation between these languages and the evaluation 
strategxs outhned ,n the prewous paragraph It seems natural 
to use the sets retrieval strategy for the loose DML and the 
one tuple-at-a ttme strategy for the close DML 

Imtmlly, Educe used a couphng between a Prolog Interpreter 
and a relatIona DBMS for the lmplementatlon of the loose 
DML Because of the problems that the evaluation of recurswe 
queruzs causes [Boa 851 m a coupled system, the close DML 
was xnplemented b\ mtegratmg the low level access mechamsm 
of the DBMS mto the Prolog mterpreter Although, these two 
approaches rmght be thought antagomstx to each other, ,n 
Educe they co-exw and co-operate 

More recently algorithm\ to map expresslonc from ather of the 
languages mto the other have been Implemented Tlus allows 
Educe to decide for Itself whvzh IS the (hkely) best strategy for 
evaluation of a gnen quer, 

The motwatlons for the two languages 1x1 Educe and thew 
partwdar syntax are &cussed m detad m lBocca 851 Th,s 
paper first presents a short rwlew of the arclutecture of Educe, 
then describes as lmplementatlon and finally chscusses issues of 
performance 

The paper IS dwlded into fi\e sections SectIon 1 1s tlus 
mtroductlon In wrtlon 2 an outhne of the architecture of 
Educe IS g,\en %ctmn 3 dwusses the wnplementatlon of the 
loose and the close languages, the handhng of those rules stored 
m the EDB and the mappmg algorahms An exammatlon of 
the efficwncv of Educe’s partvxiar lmplementatlon 1s undertaken 
HI se&Ion 4 Fmallt HI sectlon 5 conclusions are presented and 
future worh dwussed 

2 Architecture 
In thl5 secllon an ourlmr of the chosen arctutecture for Educe 
and the motl\atwn< behmd ,t BPC presented A detalled 
dlscuswon of powblr alterna~wc architectures for Educe can be 
found 1” Boccd 851 

From the pomt of \wn of thp implementor loose couphng 
presents ltwlf a~ an ob\xrus method for wnplementatlon 
Prowded that ~CCUPSI~II ,< IIOI allowed a smlplr W&V to 
construct a Itmwh cmplrd s,scen, 1s by settmg up ‘wo 
processes ant Ior thr deductlxe rwnpon~~t and one for the 
EDB compurwnt 1 hew tno process= rxchange messages, 1 e 
querws and r+e> through a channel of communaca~~on 
Educe foHors thl< approach for loosr rouplmg, settmg up one 
process fix Pr&g a= the dtducll\e component, and one process 
ior lngres a< tllP E 1)H * o,,,,‘““ent Commumcst~on between the 
Prolog and the lngrcs prur~acz 1% by mean of two pipes [umx 
831, one for queries and one for rephes ;Flg 1) 
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Unfortunately, the two processes m loose coupb~,e: would be 
very lneffiaent for a” lmplementatlon of the close DML m 
Educe This IS apparent m systems that have adopted this as 
n solution [frog 85, Nash 831 Because of this, we chose to 
Integrate the deductwe and the EDB components mto one 
monobthlc umt to handle the close DML Fol this, the acce6a 
methods module of the DBMS was detached from It and 
attached to Prolog [Fig 21 

This allowed the multiple process ConfiguratIon of loose couphng 
Fig l] to be merged wth the close mtegratlon ConfiguratIon 
Fig 21 m a particularly coherent way To explam this, let us 

start by consldermg two concurrent processes, each of which 
runs the DBMS on a common data base [Fig 31 

When this configuratIon [Fig 31 1s merged wth the two 
previous ones [Flgs 1 and 2] produces Educe’s arhltecturc [Fig 
41 In the configuration depicted by Fig 3, one of the 
occurences of the DBMS 1s replaced by the Prolog+AM 
configuration IFig 21 This 1s possible, Smce the Access 
Methods module of the Prolog+AM and the DBMS are 
ldentxal repbcas In other words, Educe appears as two 
concurrent DBMS’s sharmg access to a common data base 

It IS Important to note that this architecture does not Impose 
any restrxtions on recur~lo” On the contrary, It prowdes an 
&went mechamsm for the evaluation of multiple and recur~we 
querres m ather of the two languages, close and loose 
Recurswe defimtlons which Include expresslons m loose form are 
evaluated by a hybrid strategy A” evaluator has bee” 
implemented for this purpose The evaluator uses loose 
coupling for the non-recursl\e part oi the defmltron, and then, 
for the recurslvc part, IL uses the route prowded by close 
mtegration for retlxvals from the mtermedmte results 
Recently, a module which performs mappmgs from expressions 
m loose form mto close form and rre bersa, has been bwlt 
This module allows Educe to select a route, either couphng or 
integration, entrely on the basis of expected performance 

3 Implementation 
The descrlptlo” of the Implement&on of Educe here presented 
follolrs the hlstorlcal development of thP <\Ftem In order to 
a\oid dwa”tlmg thr deductwe- and the EDB components loose 
couphng was rnplemented 1” the fnyt Instance The mtegratlon 
phase was postponed until we had gathered sufficient detail of 
the constructlo” of these components Rule storage and the 
transformatlo” of rxprewons can be see” as mIportar,t 
extensrons of the baw capatnbtles of Educe 

3 1 Loose Coupling 
Let us begm with the discusqlon of a relatlxelg ample part of 
the lmplementatlon the JXLrt that deal? wth loose couphng 
wthout recu~slon This part of Educe uas m~plemented d\ tao 
related processes /Fig 11 One process actmg as B master runs 
the Prolog mterpreter wtnle the second process the wrver pun\ 
the DBMS The Prolog Interpreter used 1s a derwed product of 
the Mu-Prolog mterpreter ji%sh 83] The lngres DBMS 

[Stonebraker 76j N~F chosen as the EDB component Thus, m 
this set up, whenever the evaluation of a goal reqwres access to 
the EDB, all expressions reqwlng some form of s) ntactx 
analysis are parsed, and code 1s generated for them by the 
Prolog mterpreter The code generated IS the equwalent QUEL 
~XJIlYSSlOll This QUEL expression the query, 1s sent wa a 
p’pe to Ingres lngrw m turn evaluates the query and produces 
a reply Tins reply 1s pIped back to Prolog winch further 
processes It to bmd \armbles to their respectwe values In this 
part of the Implementation, the control of processes and 
commumcatlon between them was written m C, while the 
parsmg of queries and code generation was all done III Prolog 
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This scheme permlts a more refined and efficient cwtrol of 
synchronuatron and communlcatmn between the processes 

The predicate helpdb 1s perhaps the sxnplest example of the 
theory of operatmn described above This predicate 1s defined 
by the Prolog clause 

helpdb - 
query( ’ help ‘) 

The predicate query(anlngresQuery) takes the atom 
anlngresQuery and sends the strmg of characters formmg the 
name of the atom down a p’pe to Ingres Then It waits for the 
evaluatmn of the query by Ingres and on completmn returns 
true Thus, by means of this mechamsm, any arbitrary Ingres 
query can be sent to the server for evaluatmn The predicate 
query was wntten m C and has been Integrated mto the Prolog 
mterpreter 

A more complex sltuatmn develops when the mode of opcratmn 
of Prolog differs from the mode of operatmn of the FDB 
Take the ease of retrteve 

retrleve( Atts, Boolean ) - 

send-query( Rels, Atts, Boolean ), 

repeat, 
rel( p ), 
( P = E, 

( E = contniue, 
t 
f611 

1 

;= [ ( OutAtts] , 
value( Atts, OutAtts ) 

) 

FolloHmg the parsmg of Atts, a query 1s sent to lngres wa 
send- query T>plcally, Ingres produces a whole relatmn as a,, 
answer to the query Smce Prolog reqlures only one tup1e at a 
time, some adjustments have to be made Basically, Ingres 
pipes the result relatmn to Prolog while Prolog takes one tuple 
each tme from the pipe In other words the p,pe acts as a 
queue To take one tuple from the pipe rel(Pj IS called P 1s 
compared agamst the atom contmue to check for the pnd of 
rep11 from Ingres If It 1s not the end of reply (rontznue), then 
the tuple P 1s passed ,n swtable form to value ahlch bmds 
\anablrs to attnbute values 

It should also be mentmncd that the svntax of retneLe allo\r~ 
unmsLantmted >armbles III the condltwns (Boolean) argument 
Because of this, it 1s desirable to delay evaluatmn of the 
retrteue until the search crlterla have been clearly estabhshed, 
$0 avoldmg retneval of unnecessary data 

3 2 Close Integratuxl 
It 1s not only for syntactic convenience that vanables are 
necessary in the condltmn part of retrreves WIthout them, It 
would be nnposslble to express recursmn Take for example the 
relatzon pm@, Y), defined by 
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psrcnt( x, Y) - 
( “m-(X) ) v*??(Y) ) 1, 

retrleve([ father IS- = x, 
father of- = Y] , 

true) 
) 

i atom(X) , atom(Y) , I , 

> 

parent( x, Y) - 

retrleve([ mother IS- = X, 
mother of- = YIP 

true) 

Then we could define the dewed relat,on 
recurswely by 

anceator(X, Y) 

ancestor( x, Y) - 
parent( x, Y) 

ancestor( x, Y) - 
parent( x, Z), 
sncestor(2, Y) 

Unfortunately, the mtroductlon of recursion and multlplr querw 
brrngs new problems It becomes necessary to relate rephes to 
the,, oqmatmg queries In order to evaluate a recursive 
defimtlon such as ancestor, Ed uce first generates the relation 
parent (If wrtual) and then proceeds to evaluate the recurswe 
clause by usmg close access But, before we d,scuss the d&ads 
of how this ,s done ,n Educe a descrlptlon of the 
lmplementat~on of C108C zntegratzon 1s needed The particular 
reasons for hawng close mtegratlon ,n Educe are &cussed ,n 

[Bocca 851 

Because of ,ts linkage to the low level access methods, the close 
DML ,s ,mplemented maml> m C At the top level, the Prolog 
prechcate retr bmds the C ,mplementrd parts together The 
,mplementat,on of this predxate 12 presented below 

r&r(R) - 
R= [Rel 1 Atte], 
openr(D, 0, Rel), 
setsearch( D, Atts), 
repeat, 
getvals(D, Atts, NewTuple), 
( ( /* falled */ 

NewTuple = 0, 
closer(D), 
1 ) fall 

) 

6,", 
1 

An example of the use of retr 1s 9 retr( employee( John, 
Salary)) In this example, the relation employee ,s searched for 
lohn’s Salary 

The program above starts by trsnsformmg the (only) argument 
of retr mto a hst The head of the bst IS mstantlated to the 
name of the relat,on (Rel) and the tad 1s ,nstsnt,ated to a hst 
of attrIbutes (Atts), some as variables and the others as 

constants, accordmg to the particular retrieval con&lo,, In 
our example, this hst becomes / employee, John, Salary] Once 
th,s IS done, the relation Rel IS opened by openr and the 
searchmg keys are set by setsearch Only then the first tuple 
(If any exists) IS r&lewd by a call to getds The call to 
repeat 1s necessary to handle backtrackmg The predicates 
openr, txtsearch, getvals and elowr are all unplemented m 
C The call to openr “pens the file wh,ch contams the relation 
Rel and It also creates a descnptor, D If the file for relation 
Rel was already “pen (for readmg) then only the new descriptor 
D IS created 

Descriptors not only keep statx mformatlon about a relat,on, 
eg file name, degree, cardmahty, etc, but they also maIntam 
mformatlon of a dynamx type In particular, mformatlon 
about the last tuple accessed ,s kept by the descriptors (TID of 
last tuple IStonebraker 761) Th,s ,s essentml for an efficient 
,mplementation of backtrackmg Otherwse, Educe would need 
to w-access old tuples to get the next tuple This use of 
descriptors IS essential I” RC”rS,“e cases WIthout the 
descriptors, recurswe quenes on a gwen r&&on would be 
restricted to as many levels of recur~lon as the numbers of files 
that the host operatmg system allows to keep opened at any 
particular tm,e As an addltlonal bonus to the scheme of 
operation described here, the overhead of “penmg and closmg 
files ,s greatlj reduced In fact, for recur~we queries, thrs 
overhead ,s reduced to pract,cally nothmg 

3 3 Rules 
Once the atnhty to handle large numbers of facts by the EDB 
component had been Installed ,n Educe, the next logxal step 
was to mtroduce facihtws to store and mamtam large numbers 
of deductIon rules m the EDB Thus a mechamsm to serve 
this purpose was uuplemented In Educe, deduct,“,, rules are 
stored hke the schema of the data base, ,n a relation This 
relation IS named rulerel 

Obwouslq , the storagv of rule? ,n the EDB IS not m Itself 
enough to actwvc the dewed effect Rules stored ,n the EDB 
must aI90 be executed J”St hke any other rule ,n mau, memor, 
For this, the top le\el Prolog mtrrpreter was ma&fled Thus 
,I-, durmg the e\alua~,on of R goal an appropriate clause head 
IS not found for ,( ,n ,nam memor, then the rulerel rehwon IS 
searched for ,t If a rule nlth such a head 1s found ,n the 
EDB, then Educe execute5 ,I If howe\er the rule 1s not found 
,n rulerel then Educe looks for a baw rclat,“n to match the 
goal If such a rela(,on ,s found then the rule 

Relation - 
retr( Relation) 

1s asserted More formally, to evaluate a gwen goal G the 
algorithm IS 

1 4earch ior rule fact ,n rn~ln men,or\ 

2 If 1 fads then search for rule ,n relat,on rulerel 

3 If 2 fads then search for base relat,on with 
matchmg name and degree If such a relation 1s 
found then assert the rule G retr(G) 

The algor,thm above effectwely makes the EDB component of 
Educe transparent to users of the close DML 

Unfortunately, this scheme of operation IS not free of some 
(mmor) side effects The above algorithm ,mphes an order of 
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< valuatEon for rules and facts In this lmphed order of 
, valust,on, rules precede facts However, s,nce facts we a 
>pec,sl case of rules (no body), they can be treated hke LL rule 
If so wanted by the user 

Still on the SubJect of evaluation precedence, a more Important 
pant ~8 to note that Prolog mspects facts m a program m a 
top-down manner In relatmnal data base terms, this lmphes 
‘~1 ordermg m the tuples of a gwe” relatmn Th,s contradicts 
the defimtmn of a relatmn To avoid the problem, Educe 
adopts the semantic of assert when msertmg tuples m a 
relatmn Equwalences for a88WtU and a88ertZ are purposedly 
excluded from Educe However, this IS not suffiaent m the 
ease of general rules To keep close to Prolog semantic, users 
are asked to specify an order of evaluatmn for the rules kept 
by the EDB For example, to add the defimtmn of ant to the 
EDB component of Educe, one should proceed as follow 

7- nrule( 1, 
'anc(X,Y) - parent(X,Y) ') 

7- nrule( a, 
'*nc(X,Y) - psrent.(X,Z), anc(Z,Y) ') 

Once this IS done, the EDB component of Educe becomes 
transparent to those users accessmg the derwed relatmn ant 

Fmally, a pant that has some bearmg on eff~iency and 
integrity the evaluatmn ctlgonthm described above retrieves 
rules from rulerel not only when the rule 1s actwated for the 
first time, but also when backtrackmg takes place From an 
ef!Jclency pant of wew, this IS a serious drawback Also from 
the pant of wew of mtegnty, backtrackmg can cause some 
problems In particular, the a”swers to a query would not be 
correct If another user were allowed to update part of the 
necessary defmltmns while they were still bemg used Educe 
solves these two problems by pre-processmg the top level query 
Thus, gwe” a goal to evaluate, Educe builds the whole 
evaluation tree for this query Rules are then retneved from 
the rulerel and the necessary retr’s rules are also asserted 
Only when all tlus mformatmn has been obtamed from the 
EDB Educe proceeds to evaluate the query Effectlrely, the 
EDB IS only consulted once for the necessary rules, and all the 
defmltmns needed are frozen durmg the evaluation of the goal 
Notice that with thks scheme, other users are not prevented 
from updalmg the non-factual knowledge Ear Ihe factual 
knowledge (base relatmns) the EDB uses normal data base 
techniques for concurrenl access to relatmns 

3 4 Mappings 
how ne rdn go back to our example ancestor lzuh scc1Ion 7 2 
and see how recursive (and multiple) querws m loosr form are 
handled In Educe FWSL, let us examme the program $shwetr 
below This program IS a preamble to a sm~ple but not very 
eff~lent m~plemencatmn of a q”ery evaluator for the lwse 
DML However, this program 1s capable of handhng multiple 
and recurswe queries 

/* te1owretr - 
It uses mame eyntax -8 retrieve 
xn Attrr and Boolean 

*/ 

Rslonretr( Rels, Atts, Boolean) I- 

/* Bela list le obtslned 
from Atts md Boolern -/ 

t<snd-e( IntRes, Rels, 
Atts , Boolean), 

'9 /t never backtrack */ 
$qulckretr( IntRee, Atts) 

In this program, once the hst of base relstmns Relr has been 
extracted from Atts and Boolean, the call to $q- and-s 
prepares a query m loose form and executes It, sawng the 
result m the intermediate relation h&es We do not want to 
backtrack past this pant, hence the cut (I) It 1s now up to 
$qurckretr to produce the answer(s), one tuple at a time This 
1s done by $qudxtr by querymg the mtermedmte relation 
IntRes uamg the close DML Fmally, $qutckretr matches the 
values m the returned tuple (close DML) to the non-posltmnal 
PrOJeCtIOn speafied by Atts 

The first and obvmus problem I” this strategy of evaluatmn LS 
one of effiaency In the case of recurswe defimtmns, each time 
we backtrack on the non-recurswe part of a defmamn, a new 
mtermedmte relatmn ~11 be generated This IS e&y solved 
though, by labelmg the queries already answered wth the name 
of the mtermedlate relatmn generated for It Thus before 
proceedmg to generate a new mtermedmte relatmn, we check 
whether the mtermedmte relation has been generated for the 
(mtermedmte) query The program for this vewon of retrteue 
IS gtven below To stress the fact that this program also 
handles multIpIe relatmns and recurswe defmltmns, we call It 
mretrwve 

/* mretrleve - 
handles multzple relatlons and 
~ec”rs1ve deflnltlons III the 
loose DML 
It uses same syntax as retrieve 

mretrleve( Atts, Boolean) - 
%evalusted( Res, Atts, Boolean) 

-> $qulckretr( Res, Atts) 
, Sslowretr( Res, Atts, Boolean) 

As can easllq be unagmed there WC oc~asmns whtn thr above 
stratrgv to evaluate recurwe querw can pwdwr ver) slow 
*eSpOllSeb This problem 1s addressed In d&all m the next 
Sectloll 

4 Effklency 
As was panted out I” ~Bocca 851, users expect m the context 
of a Prolog Interpreter to obtam a reply qwckly This reply 
normally corresponds to Just one tuple m a relatmn (base or 
dewed) Durmg backtrackmg the same still holds true By 
contrast, m a relatronal DBMS, users expect a ahole relatmn, 

a set of tup1es, to be generated as an answer 
irchotomy between the two types of system 

Thm 
leads to two 

different types of evaluatmn strategy for quenes 

Because DBMS evaluatmn techmques have been developed over 
a longer permd of time, It 1s generally bebeved that they are 
more efficient than Prolog-type techniques This bebef 1s 
questmnable, particularly m the case of recur~we querws A 
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typIcal DBMS evaluatmn strategy ,s akm to batch processmg, 
e g the emphasis on the generatmn of a set of tuples (a 
relation) a.$ the result In dwect contradlctlon to this bias of 
DBMSs, a Prolog-type of system assumes an ,nteractwe 
enwronment In th,s latter case, answers (or part of them) 
should be dehvered as small umts, so that users can logically 
grasp them Hence, the smaller granularity of a “Prolog” 
answer, 1 e normally one tuple at a tnne 

In order to compare these two chfferent modes of evaluatmg a 
query, a number of tests were performed Equwalent queries m 
loose and close form were prepared and Issued for evaluation by 
Educe The quenes were graded accordmg to expected 
&fficulty and were run on relat,ons contammg 50000 randomly 
generated tuples The time taken by Educe to evaluate each 
query IS gwen ,n Table 1 

As the figures in Table 1 show, It 1s not unusual for the 
one-tuple at II ttme strategy (method 3) to outperform the sets 
retrzeoal strategy of DBMSs (method I) This ,s part,cularly 
true ,n the case of recursive queries The cases ,n wh,ch the 
sets retrreml strategy ,s the wmner are normally explumed by 
the way m wh,ch Prolog selects sub-goals for evaluation IBocca 
351 Th,s somet,mes leads to the choice of the wrong Index, 
winch I$ then used untd ,t gets exhausted, and only then the 
correct one might be chosen and used To demonstrate tins, 
query B ,n run ‘I was re-formulated so as to favour an early 
selcctlon of the correct Index ,n the evaluation of the close 
query 

In loose couphng, queries are handed to the EDB component 
for e\ aluat ,on Th,5 ,s ,n effect an evaluat,on of queries by a 
DBMS (method 1) In all cases of quer,es mvohmg several 
relations and,‘or recumon and ,n maw cases of querws 
mvolwng a w,gle relation, e g aggregation, a number of 
mtermedlate relat,ons are generated durmg the evaluation of 
these quertes It 1s the creation and manlpulatlon of these 
,ntermed~ate relat,ons that ,s the cause of mayor overheads m 
the evaluat,on of queries rn loose form, parrlcularly ,n the 
recurSwe case Even ,f large buffers ,n mam memory were used 
for these ,ntermediate relations, ,t would still be necessary to 
use secondark memory (slow) to store consIderable parts of 
these relations Also there ,s an overhead attached I” the 
creat,“n and mamtenancc of the sLhemas for these relat,ons 

The “AC tuple at 0 trme strategy of Prolog does not need to 
create mtermedlate relations (method 3) All ,ntermed,ate 
results arc bept at all tunes ,n mam mem”rv Thlr IS “III\ 
poss,blc because of the relat,vely small s,zc of the mtermedlare 
results rrquwed by the one tuplr at (I tzn,e strategy In other 
words rcmc\d oi data from secondar\ memorv only occurs 
when bacc reldtrons are consulted 

However, as aas d,scussed ,n [Bocrd 851, I here are good reasons 
for usmg a loose DML to express quer,es Also ac shown by a 
slgmticatl\c number of case5 ,U Table 1 I here are sltuat,ons 
where the sets retneval strategv of DBMS- outperforms the 
“nc tuple at n tzwe strateg) of Prolog In Educe all of these 
reasons are cons,dered to be ,mp”rtanc and hence queries m 
loose form are supported Moreover, a number of optumaat,on 
techniques ale appl,ed to queries ,n loose form, ,n order to 
improve performance In add,t,on to the OptmUzaClon 
techn,queq of the DBMS, Educe uses ,ts own techmques 
Part,culsr attention ,s gwen to the recurwe case, w,ce this 1s 
an area outsIde the scope of convent,onal DBMSs Four 
slgn,ficant cases are here &cussed 

The first case ar,ses ,n quer,es mvolwng one base relation and 
the boolean condltlon true For example, eonslder the relation 
employee wth attrIbutes name, address and dept, and the goal 

?- retrleve( [employee name - Name, 
employee dept = Dept] , 

true) 

Ttns query ,s transformed Into the equwalent “query” ,n the 
close DML 

employee ( Name, Dept) - 
retr( employee( Name, Dept, J) 

7- employee( Name, Dept) 

This example IS generaheed to the case of any base relation 
bemg queried wth the boolean condltlon set to true The 
bwlt-m predicate $whole base r makes the appropriate tests to 
decide on the apphc&hty- of this transformation rule 
Although the case described seems trwal and unhkely to be 
presented to Educe by users, ,t often arwes as an ,nterme&ate 
step ,n the evaluation of a recur~we defimtlon For mstance, 
,n the loose DML verS,on of our defimtlon of parent [sectIon 
3 21, gwen the goal 

/* see 3 2 */ 
7- ancestor( X, Charles) 

when the recurswe clause ,s used, the goals to solve are 
parent(X,Z) and ancestor(Z,charles) Smce X and Z are not 
,nstantw&ed, to solve parent(X,Z) the goal 
retrreve(]parent j&her ~8~ =X,jather of_ =Y/,truc) would have to 
be solved 

The second case for efficw,cy unproxements “ccurs agam very 
frequently ,n recurSwe queries Thrs 1s the case of mtermedlate 
queries that have already been evaluated, as &cussed ,n 3 4, 
above It should also be sard here that, although this sltuatlon 
often arises durmg the evaluation of recurswe queries, It ,s not 
exclus,ve to them 

The thwd case of ,mportance occurs ,n conJunctl\e queries on a 
mgle re1at1on Aga,n, this ,s a \erv common s,tuallon durmg 
the c\ dlua!,“n of recurs,\e querw (top level) In thl. case the 
con~~nc(,\e quer\ IS ilrst transformed mto a nOrma form and 
then irom this normdhzcd form, an equlvdlent quen, ,n close 
form ,b generated and evaluated 

The ld\( but wr~a,nl\ n<>r th< least ma~w opc,m,~~t~“,, step- 
lakes place durmg the trlnsf”rmat,“u of loose form Mao claw 
form and durmg the Instant,al,“n of \dr,able> at the top lebel 
r”r both of thcw pr<~e<w> I, ,< neceswrq to arce4c the schema 
of the relat,on ,111 “l\rd The-c RC-CC\SFI are speeded up b\ 
mamtammg the data base schema III buffers ,n roam mrmor~ 
Ob\ ,ousl> , some synchronrzatwn a,th the copies m secondarv 
memory 1s nccessar, This ,s a common solut,on ,n a 
con\entwnal DBVS and Educe has adopted 11 More ser,o”sl~ 
though \rhene\er a tuple IS retrlebrd from a bate relat,on a 
number of \arlablcs have to be mstantlated To do thl\, the 
hst of values ,n the retrieved tuple has to be matched w,th a 
hst of karlables (typically, the barlables m the proJectIon part 
oi a retrzeve) The 1,st of variables ,Y normally shorter than 
the hst of values and the,r sequences do not match For 
Instance, a typical tuple ,n our relation employee rmght be 
/John, munrch, toys1 and the goal nnght be 
retrteve(]cmployee dept=Dept, employee name=Nan~e], ) 
Obwously, the order and the length of the hsts /Dept, fame] 
and /John, munzch, toys] do not match In general to match 
the two hsts every tm,e a new tuple IS r&lewd ,s unnecessary 
The problem ,s avoIded by, firstly, creatmg a bogus hst of 
variables, say [Al, X2, X3], then matchmg this hst only once 
to the proJectlon hst III the retrzeoe, and finally, each tnne a 
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Query \ Run-> 1 2 3 4 6 6 7 8 f 
***** ****************************************************** 
1Aa * 260 268 268 279 339 276 426 274 * 
3Ae * 3 ii 4 4 4 14 3* 

* * 
1Ab * 240 339 236 219 343 240 223 231 * 
3Ab * 16 12 lb 1.4 12 26 11 * * * 
1Ac * 260 264 262 267 314 329 224 269 * 
3Ac * 13 436 11 11 10 22 - 12 * 

* * 
1Bc * 627 476 602 606 12316 12932 11836 11863* 
3Bc * 681 34 867 633 327 322 327 320 * 

* * 
1cc * 10 236 10 11 319 260 248 236 * 
3cc * 6 8 4 4 6 6 8 1 * 

* * 
1Dc * - 264 236 228 233 243 241 280 * 
3Dc * 4 2 2 2 2 1 a* 
**t******************************************************** 
+ Times are given in 100th's of a second 

Table 5-1 Cornpar~vm of Methods DBMS and Prolog 

Query \ Run-> 1 2 3 4 6 6 7 8 * 
*********************L************************************** 
1Aa * 260 268 268 279 339 276 426 274 * 
2Aa * 6 6 6 7 6 17 4 b* 
3Aa * 3 6 4 4 4 14 3* 

* * 
1Ab * 240 339 236 219 343 240 223 231 * 
2Ab * 6 3 6 4 6 7 4 6* 
3Ab * 16 12 lb 14 12 26 11 * 

* * 
1Ac * 266 264 262 267 314 329 224 269 * 
2Ac * 3 3 4 3 4 3 4 3* 
3Ac * 13 436 11 11 10 22 12 * 

* * 
1Bc * 627 476 602 606 12316 12932 11835 118631 
2Bc * 8 8 8 8 927 917 912 909 *I 
3Bc = 531 34 867 633 327 322 327 320 * 

* * 
1cc * 10 236 10 11 319 260 248 236 * 
2cc * 6 4 4 4 4 3 4 4* 
3cc * 6 8 4 4 6 6 8 1 * 

* * 
1Dc * - 264 236 228 233 243 241 260 * 
2Dc * 4 4 6 4 6 4 4* 
3Dc I 4 2 2 2 2 1 21 
*********************************************************~* 
+ Times are given in 100th's of a second 

KEYS 
**** 

METHOD 1 Sets Retrieval (DBMS) 
2 Educe's for loose DML 
3 One-Tuple-At-A-Time (Prolog) 

TASK 
b Sl 

Simple SelectIon 
e ect1on + ProJectlon + Joxn 

c Simple Recursion 
D Dlfflcult Recursion 

SIZE Small - 
b" Fair - 

10 tup1es 
1000 tup1es 

c Large - 60000 tup1es 

The test programs were run eight txmes on a 
VAX 786 Constant values were changed from one run to 
the next Also, IFI some runs the arguments were less 
(more) lnstantlated than xn earlier runs For further 
details of the tests, see Appendix 

Table 5-2 Comparisons of Methods DBMS, Educe and Pro1 
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lnple LS r&wed from secondary memory, this bogus hst 1s 
used LO mstantrate the real varmbles A lot of unnecessary 
>ortmg 1s ehmmated at a stroke’ 

The optmuzatlon steps described above have m fact led to a 
new slrategy, the Educe method This metihod Integrates all 
the above optnmzatlon steps Into a harmomzed strategy of 
evaluation for queries expressed m loose form The 
unprovements obtamed by the apphcatlon of thw method go 
well beyond the recurswe ease In fact, the Educe method 
always gwe a performance close to the best of the other two 
methods (DBMS5 and Prolog) This 1s clearly shown by the 
performance figures obtamed in comparatwe tests of the three 
methods [see Table 21 

5 Conclusions 
From a log& pomt of view IWO contrastmg styles of query 
language are used m Educe One 1s slmllar to query languages 
found m conventional DBMSs and the other follows the 
con>entlons of the programmmg language Prolog 4crordmg lo 
then clowness to Prolog, they are referred to as loose and close 
DML, respectively Both DMLs are necessarv and 
complementary to each other 

The form of each language strongly suggests 11s mode of 
e> aluallo” The strategy known as sets retrzerial used by 
conventional DBMS seems, at first, the most appropriate for the 
loose DML Smularly, the one query-at a tzme strategy of 
Prolog seems more suted for the close DML Howwer, our 
work on Educe pants to a mmed strateg>, spe~mlly 1” the cabe 
of quenes expressed 1” loose form 
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,******************************** 
TEST PERFORMANCE OF EDUCE 

********************************* 

SCHEMA 
******* 

psrent( snc, child) 
+ entered by bsnd + 

d-y -- ISAM on snc 
Tuples -- 10 
Recursion Levels-- 9 

parents( name, father, mother) 
+ random generator + 

pkey -- HASH on name 
Indexes 

xaparenta - ISAM 
on [father, name] 

xaparenta - ISAM 
on [mother, name] 

Tuples -- 1000 
Recursion Levels-- 3 

parentb( name, father, mother) 
+ random generator + 

pkey -- HASH on name 
indexes 

xaparentb - ISAM 
on [father, name] 

xaparentb - ISAM 
on [mother, name] 

Tuples -- 60000 
Recursux, Levels-- 10 

Method 
****** 
(Explwlt use of mretr, fretr 
and retr to force uee of wanted 
method of evaluation) 

1 Uses straight DBMS techniques 
(Loose couplulg) 

2 Loose --> Close Dhil. and optwnzes 
new expression 

3 Close Integration 

Task 
**** 

Query A Sxnple Selection 
Query B se1ect1on + ProJectlon 

+ Join 
Query C Simple Recursloll 
Query D Dlfflcult Recursion 

(slow In Prolog) 

SlZ6? 
**** 

Slae a 10 tup1es 

Slse b 1000 tup1es 
Sxse c 50000 tup1es 
*f*t**3****-***************f***Lt/ 

/* 
Derived relatxons 
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Explxlt ume of Indexes for better 
control of test 

*/ 

psrlb( X,Y) - 
/* derxved from 
parents relation 
1000 + 1000 tup1es */ 

parlc( X,Y) - 
/t derived from 
psrentb relaiaon 
boo00 + 60000 */ 

par2b( X,Y) - 
/* derived from 
perenta re1st1on 
Method 2 
1000 + 1000 tup1es */ 

par2c( X,Y) - 
/* derived from 
parentb relation 
Method 2 
60000 + 60000 tuples */ 

parab(X,Y) - 
/* derived from 
parenta re1at1on 
Method 3 
1000 + 1000 tup1es */ 

par3c(X,Y) - 
/* derived from 
parer&b relation 
Method 3 
60000 + 60000 tuples */ 

brotherlBc( X, Y) - 

p=rlc(X, P), 
ParlC(Y, P), 
x -= Y 

brotherZBc( X, Y) - 

parZc(X, P), 
parilc(Y, P) > 
x -= Y 

brother3Bc( X, Y) - 

par3c(X, P), 
par3c(Y, P), 
x -= Y 

ancl( x, Y) - 
psrlc(X, Y) 

ancl(X, Y) - 

parlc(X, Z), 
ancl (Z,Y) 

an&( x, Y) - 
parZc(X, Y) 

snc2(X, Y) - 

P=r=(X, Z), 
ancZ(Z,Y) 

anc3( x, Y) - 
par3c(X, Y) 

anc3(X, Y) - 

par3c(X, Z), 
anc3(Z,Y) 

,**~ll~t*f,**tf,******** 
QUERIES 

*****************t***t*/ 
/*************** 
Case A - Select 
tff*t****ft*ttl*/ 

/* 
Method 1 
mretr -- 1s basic DBMS method 

+ obvloue optlmxzstxon steps 

*/ 

querylAa - 
/* size a 10 tup1es */ 
wrlte('lAa -- '), 

=tlm= (J , 
mretr([psrent ant = Parent], 

parent child = mary), 
etlme(X), wrlteln(X), ' 

querylAb - 
/* e~ze b 1000 tup1es */ 
wrlte('lAb -- '), 

etlm= (J I 
mretr([psrents mother = Mother], 

parenta name = 236), 
etlme (X) , wrlteln(x), ' 

querylAc - 
/* size c 60000 tuples */ 
wrlte('lAc -- '), 

=tlm= CL) t 
mretr([parentb mother = Mother], 

parentb name = 236), 
etlme(X), wr1teln(X), ' 

/* 
Method 2 
fretr -- loose 1s mapped Into close 

+ high level optlmlsatlon 

*/ 
queryZAa - 

/* s17.e a */ 
wrlte('2Aa -- '), 

etlme CL) , 
frek-([parent arlc = Parent], 
parent chxld = mea-y), 
etlme(X), wrlteln(x), ' 

query2Ab - 
/* size b */ 
wrlte('2Ab -- '), 

et1m-3 (J , 
fretr([parenta mother = Mother], 
parenta name = 236), 
etlme (X) ) wrlteln (X) , ’ 

query2Ac - 
/* SIB= c */ 
wrlte('2Ac -- '), 

=tlme (J , 
fretr([parentb mother = Mother], 

parentb name = 236), 
etlme(X), wrlteln(x) ) ' 

/* 

-/ 

Method 3 
Close Integration (Prolog) 

query3Aa - 
/* size a */ 
wrlte( '3Aa -- ') , 

=tlm= (J , 
retr( psrent( Parent, mary)), 
etxme(X), wrlteln(x), ' 
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query3Ab - 
/* e~r,e b */ 
wrlte('3Ab -- '), 

etlme (-1 a 
retr( parenta( 236, Father, 

Mother)), 
etxme(X), wrlteln(X), ' 

query3Ac - 
/* size c L/ 
wrrte('3Ac -- '), 

etlme (-) > 
retr( parentb( 236, Father, 

Mother)), 
et.lme(X), wr1teln(x), ' 

/***************** 
Case B S+P+J 
***Cllf****f**il**/ 

/* 
A comparison of Methods 1, 2 and 3 
301n + Select + ProJect operators 
Only 1 s=ze tested 50000 tuples 

*/ 

querylBc - 

/* 1 basic DBMS method */ 
wrlte('lBc -- '), 

etlme (-) , 
brotherlBc(248, QlQ), 
etlme(X), wrlteln(X), ' 

querylBc - 
/* OrI fa1lure -/ 
et1me(x), wrlteln(x) ) ' 

query2Bc - 

/* 2 Loose m-> Close */ 
wrlte('2Bc -- '), 

etlm= (-) , 
brother2Bc(243, QlQ), 
etlme(X), wrlteln(x) ) ' 

query2Bc - 
/* on fa1lure "/ 
etlme(X), wr1teln(X), ' 

query3Bc 

/* 3 Close DML */ 
wrlte('3Bc -- '), 

etlm= (-1 , 
brother3Bc(248, QlQ), 
et1me (X) , wr1teln (X) ) ' 

query3Bc - 
/* on failure */ 
etlme(X), wr1teln(X), ' 

,**t********************* 
Case c Simple Recursion 
*~*i*,l))il*il**(lt*Xll*/ 

/* 
Compare Methods 1, 2 and 3 
Sunple recUrslOll 
Largulsh size 60000 tup1es 

*/ 

querylCc - 

/* 1 DBMS method */ 
wr1te('1Cc -- '), 

etme (-1, 

ancl(266, J, 
etame( wr1teln(X), ' 

queryacc - 

/* 2 Loose --> Close */ 
wr1te('2Cc -- '), 

etlm-2 (-1 , 
anc2 (266, -) , 
etlme(x), wr1teln(X), ' 

query3cc - 
/* 3 Close DML ./ 
wr1te('3Cc -- '), 

etlme (-1, 
anc3 (266, -) , 
etune(X), wr1teln(X), ' 

/************************** 
Case D Dlffxcult Recurslo,, 
**,l***t***)L***Lt*+1*11**/ 

/* 
Agan compare methods 1, 2 and 3 
Hard recursion (for Prolog) 
Only largxah s+ze 60000 

*/ 

querylDc - 

/* 1 DBMS method */ 
wrlte('lDc -- '), 

etlme CL) , 
ancl( 266, 4096), 
et1me(X), wr1teln(X), ' 

query2Dc - 

/* 2 Loose --> Close */ 
wrlte('2Dc -- '), 

etlme (0, 
anc2( 266 4096)) 
etlme(x), wr1teln(X), ' 

query3Dc - 

/* 3 Close DML -/ 
wrlte('3Dc -~ '), 

=tlme (-1 , 
anc3( 266, 4096) ) 
etlme (X) , wrlteln(x) ) ’ 
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