
$ 

'. l ' 

\ 

DESIGN AND IMPLEMENTATION OF A PRIMARY MEMORY VERSION OF ALD/IJ.'f' 1 

INCLUDING RECURSIVE RELATIONS 

., 

AUGUST 1086 

Normand Lallbertê 
School or Computer Science 

McGlU University 
Montr~al. Qu~bec. 

c 

A t.hes1a aubmitted to the Faculty or Graduate Studles and'I 
Research ln partial rul1Ulment of the requlrements ror 1 

I~ the deil'ee of Muter of Science. . 

CS> Normand LaUbertê 1986. 

__ -_~.I '~_. , __ _ 



l' \t , 1\, 
\0.1 
,l' 
1 

,) 

1 

• 

." 

.. 

ABSTRAOT 
1 

Th1a thesla documenta the creation or rel~: relation al database system on UNiX 

an Interactive taol ror eXJ)lorlnc the .concept or the "relation as a primitive data unit", 

Becaus'e reUx wu desli11ed to provlde a short response tlme, ~latlons are as-

sumed to ftt ln primary mem~ry . 

Aldat. the lancuaee ofl'ered to the usêr. Is easy to use and algebraic ln nature. It ,,<1 

waa dealcned as a stand-aIone lancuace wlth the relation as the unique unit or data. It ofl'ers th, 

full power or the relatlonal and domain algebras. Incl udine null values. to operate on relations, . Re-

latlona can be deftned recurslvely ln a natural way. A. Simple mecbanlsm to evaluate tbls type oC 

relatIon ls provlded. 

The work lncluded bulldtne a translator whlch takes Aldar. statementa sa Input 

and procluees Intermedlate cod~~as o.tput and an Interpreter wblch perCorms the operations Indlcat-

ed by the code. 
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RESUME 

cëîte th~se documente la cr~atlon de rellx: syst~ me relationnel de bue de 

donnhs sur UNDC (relatlonal database system on UN~. un ou tU Interactlt pour explorer le con-

.~ cept de "la relation comme unité de donnée". 

ReUx rut conçu 'de façon k fonctionner avec un court d~lnl de rhctlon. auasl 

nous présumons que les relations utilisées peuvent 10Ker en zone primaire de mémoire. 

Aldat. le langaKe offert b. l'usager. est facUe d'apprentmage. aIK~brlq~e'de na- '!. -ture et utlllsé de manière autonome avec la relation <:fmme élément atomtque. n comporte tout le 

pouvoir des algèbres des relations et des domaines, incluant divers 61 ê ments neutres. pour manl­

'Î 
puler les relatlè6s, Une relation l'eut etre définie récursivement. Nous présentons un mécanisme 

Simple pour évaluer ce Kenre de relation. 

/ 

Notre travail inclut la construçtlOn des modules suivants: un DrOil'amm~-de-tra-
/-- 1 

ductlon qui b. partir d'expressions en Aldat produit un code Intermédiaire et un proKfamme 

d'interprétation qui exécute les opérations indiquées par ce dernier code. 
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. chapter 1 ~, 

INTRODUCTION 

, 

The purpose or this work was to develop a new Implementat.lon or Aldat: Ïhe 
. 

alrebraic d(Jta. languare. We wanted to provide the users wlt.h an Interactive version or this blrh 
) 

level programmlng lanruage ror explorlng the concept or the relation as tbe primitive unit of data. 
, 

As weil. we developed a prototype or vlew evaluatlon wlth the partlcu~ar alm or provldlnr a simple 

way to evaluate a special type or vl~: recurslvely detlned rèlb.tlons. ~ 

Our main concerns were speed and ease or use. The ftrst concem dlctated that 

the relations on whlch tbe user wants to operate can fit lnto main memory. The second goal ft-

qulred us to redesliD Aldat as a stand-alone lan~age obeylng a naturaI syntax. Tbe resultlng Im-

plementatlon, named reUx. was intended to be blrhly portable. That Is, only mlnor modlftcations 

.bould bo requlred sa tb •• I' <an work on othor machIn .. "'Jnlne undor UNIX. 

4 

a) A HlSTORICAL PERSPECTIVE 

Codd proposed relations as models ror lUes and sets or relations as modeJ5 ror 

data ln databases ln 1970 [CODD70]. One or bis roals was tQ release t.be user (rom tbe.-llavtgatlon 

problems entalled by the hierarcbical and network models. Since tben much researcb bas bnn car-

rleo out ln the field or relatlonal database systems. This reaeàrch comprises, amoDg others, the, rol-

lowlng areas: 

1.- query ~anruages (see belo,w). fi 
2.- Implementation techniques: [KIM: 10). • Il .. 
3.- knowledre bases and expert IlYsteUÎs: [KERS84J. 

4.- non-Cormatted data: [GARDS"]. [~ARB86) . 

, 
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5.- dlstrlbut.ed databases:"(CERI841. 

6'.- concurrency control: (BERN83bl. 

\ 
7.- 'heory: [MAIE83b]. 

A query lanqIalte allows the user ta retrteve or modU'y the Information ln a d~a-

bue. Several<l'pproaches have been suggested and developed. Among these are: 

1.- Tuple at a tlme: relations are processed tuple by tuple, remlndlng us or record scan-

nlnlt ln earller data processlng. Theseus uses that type of processlng [SHOP7S]. 

2.- Algebra oriented: operations are deflned to take "'hole: relations as operands and yleld 

a relation.> as a result. The loops are hldden in the operatar. A language uslnlt thls ap-....., 

proach 1s !SBL (Information System Base Languaie) on PRTY (Peterlee Relatlonal 

Test Vehlcle) [TODD76].' -
. 3.- Calculu.s orlented: an expreMlon ls WIed ta deserlbe the da'a ta be retrleved. The ex­

o 

pression may be formulated ln a language slmllar ta ftrst order predlcat.e caleulus. The 

system determlnes the means of tlndlnlt the data. There are many Implementations 
ù 

uslnlt thLs approach. 
, 

a) QUEL (QUEry Language) on INGRES (Interactive Graphies and Retrleval Sys-

t.em) (STON761. 

b) ARIEL (A RetrIEval Language) [MACG86I . .. 
c} For DRC (Domain Relatlonal Calculus) and ILL {Intermedlate Level Language} 

domalns represent the sets of obJects whereas relations are varlous klnds of as-

soclatlon among theseoobJects [LACR771. 

() We have presented these approaches ln order of decreaslng procedur~lt,y. A 

IanlUace 1s less procedural than another ta the degree that the user can deserlbe the result ta be 

achleved rather than specl1'y tbe actloQS to perform ln order ta achlev~:Lit. Calculus orlented 

lanlUaces Intend ta be leM procedural than algebralc languages. Tbere are laniUages haIr-way 

between caleulus and algebrale laniUages. SQL (a version of SE QUEL [CHAM761. Itself a version 

or SQUARE) ls such a language (CHAM801. It has been shown that both algem;alc and calculus 
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languaces are eQulvalent ln the CoUowlni sense: a query expresslble ln one lanluace càn alao, be ex-

pressed ln the other language '(see [CODDn] or [ULLM82J), 

In calculus lan(Uages the user \s still Induced to thlnk ln' terms of tuples. On the 

ù 

contrary, algebralc languages conslder the relations as the primitive unit of data a.nd, thus, provlde 

a hlgh level or abstraction. Furthermore, the result oC any algebralc operation on rela.tlons 15 a rela- " 

tlon. This closure property guarantees that only one type or data need to be consldered. 
r 

Aldat Is such an a1gebralc language. Since Merrett [MERR77 1 proposed It as a 

programmlng language ror whlch relations are the elements, dltrerent Implementations have been 

reallzed at McGlll as parts or what 15 now known as the Aldat proJect. BeCore the proposai oC Al-

dat, the flrst relatlonal database system developed at McGlIl W~ ~mDS a data sub-laniU8Ke Cor 

PL/I [lvIERR76]. This system provlded the user wlth proJect, select and the complete array or aet 

theoretlc relatlonal CUnctlons called the II-Joln. This system was Implemented ln Pascal as MRDSP 

[MERR81], wlth the addition oC the O'-Joln operation, an extension ôi Codd '5 division [CODD10]. 

Up te this point. Implementations had been done on maln Crames. This proved 

expenslve even 1t these systems were not Interactive. Many oC the Collowlng Implementntlona were 

carrled out on mlcrocomputers. These were belleved ta provlde 3. less c05tly environ ment., sultable 

te develop that type or software. ~SA [CHIU82], the UCSD Pascal version Wa,s Implemented ln 

1082 as a data sub-Ianguage on an Apple il mlcrocomputer. This system, becnu.se oC lta llmlted 

resources, slmpUlled data handllng as much as posslble. MRDSA dlrectly Imltates the relatlonal 

vlew oC data at the storage level. Attrlbute values are 5tored as character data, tuple by tuple ln a 

contlguous physical location on the dlsk. No mechanlsms Cor data compression or optlmlzed te-

trleval bave been Implemented. '~SA's main purp05e was ta demonstrate the power oC the rela.-

tlon as a model Cor data processlnc. This system provlded the user wlth t.he. extended set. or rela-

tlonal operations. ln partlcular, project, l'-Joln. (1-Joln, full screen relatlonal editer and a QT-seleet 

CUnctlon: an extension ~r the select operation [MERR84a]. These oper~tlons are called Crom .1 Pascal 

prolram via a system oC llbrary subrout.lnes. The user ls requlred ta speclfy whlch attrlbutes ta use 

in the operation. MRDSA does not Implement the concept oC domaln <types. That 15. each a"rlbute 
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la a eharacter atrinc and any attribute can be used wlth any other attribute ln operations oC the le-

latlonal ahtebra. 

~SjFS [VANR83) , MRDS wlth CUnctlonal syntax, used MRDSA on an 

IBM PC as th~ ~as1s Cor an In.teractlve relation manipulation system. Il. extended MRDSA by ad­

diQI a domaln alcebra raclllty whlch ,allows the deftnltton or new attrlbutes as a. runctlon or already 

. ex1atlllC attributes. In addition, MRDSjFS has released the user from the burden or wrltlnc and 

complllni Pascal proirams. This, by creatine a system where relatlonal expressions are enl.ered In-

teracttvely, Interpreted and evaluated throueh caUs to MRDSA procedures. Il. ~ notewortby tbat 

the relation 1s the only data structure avallable ta the user. MRDSjFS Is an Interac~.lve Interpreter 

Cor relatlonal expressions. It provldes tbe user wlth a complete set or relatlonal prognmmlng CUnc-

;'J • 

t{pns: relatlonal allebra functlons, domaln algebra functlons, eondltlonal exécution r~etlons, 

~rancbtnl runetlons and bousekeeplng CunctiORS. These Cunctlons allow tbe user to ereate vlews or 
'1 

tbe database, Includlng reeurslve relations. Wltb the eondll.lonal exeeutlon and branchlng Cunetlons 

Just mentloned tbe user can bulld loops ta detlne vlews. This system comprises l.wo modules. The 

!1rst one analyses tbe Input relatlonal expressions, deteets errors and converts these expressions Inta 

MRDSA-procedure calls. The second module executes these procedure calls. MRDSjFS was 

developed on an IBM PC aCter approprlate modifications ta MRDSA"the underlylng system. This, 

hecause the Apple n was taxed to Its llmlts. The slze or the rel~tlons handled by MRDSjFS 1s 

qulte laqe, conslderlnl th al. It ls not Intended Cor commercial use. A database 1s constralned to fit 

w1thln a set or orty dlskettes. 

The .movlng oC MRDS Crom the main Crames to m1crocomputers dld D;ot Cully 

satlaty the need Cor a hlghly Interactive system. MRDS/FS ls Judged too slow to be used Inter~-

ttvely: response Ume Increases rapldly wlth the complexlty oC the operations pertormed and the slze 
\ 

oC relations Involved ln these operations. Moreover, Its Cunetlonal syntax, althoug~ theoretlcally 

appeallnl, la not easlly mastered and May not seem very Intuitive ln the eontext oC data processlng. 

--.:::.------.... -'tlW~e·conclude DOW our revlew or the varlous MRDS Implementations. They SUl)-

, ported the r~Üowtni vlew: the relation tQietber w1th the relatlonal and domaln algebras provlde tbe 
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o user with a powerCuî tool ta query and modll'y the information present in a database. However. they ..... 
dld not provide the user wlth a (ast system or an easy to use query lanKUage. 

'-

Tlle microcomputer implementatlons were cheaper to develop and 'use than the 

prevlous mainframe Implementations. but they are too mu~h slower. Thelr query languase Is elther 

embedded ln a host programmlng language or uses a syntax whlch. at. thls point. Is dlmeult"to ex-

plolt even by sophlstleated users. 

FhiallY. there ls an important consideration or completeness. Merrett [MERR11] 

observed t~at the relatlonal algebra was lneomplete because It had to be embedded ln a program-

ming language wlth loop structures to solve sorne klnds or problem. especially least-nxed point 

problems [ARO 79]. Kamel's Implementation oC Aldat [KAMESO] embedded the relation al algebra 

ln a Pascal-llke languate permlttlng loo·ps. We saw above that MRDSjFS .allowed the user to con-

struct loops. We atm Cor a version or Aldat whlch uses recurslon to achleve the same end. 

These considerations motlvate our goal stated above: provlde the user wlth a 

fast. easy to use Implementation oC Aldat. The main contributions oC this thesls are' 

1.- Aldat has been redeslgned as a stand-alone programmlng language. provldlng means 

ta create vlews or recurslvely detlned relations. The loop structures needed to evaluate 

these ~ws are hldden ln the Implementation. The relation Is the unique data strue-

ture avallable ta the user. 

2".- Aldat has been Implemented on a truly portable operatlng system. namely UNIX. run-

nlng currently on the rollowlng machines: Cadmus. M~comp and Vax-780. We re-

peat the (ollowing important restriction: relations must be small enough 50 that the 

operands, at most two ln any case, oC any operation oC the relation ai algebra can tlt 

, loto prlmary memory. This is ln order ta produce a system wlth as short a response 

tlme as pœ.slble. It is also consistent wlth the way ln whleh UNIX treaL5 tUes. Furth-

ermore. reUx has btren deslgned 50 that Ceatures oC Aldat not supplled by our Impie-

mentatlon can be eaell)' added;. Cor example, a relatlonal edltor, QT-selectors. the 

o q-Join and ôtbers. 



p or ~hla work cons~u,ute extensions to a proJect done wl~h Geoa Forbes in 

the course 308-573 on nlcompu~rs [F<?RB851. 

--

--.. 

i, 

• ) 



• 

o 

o -7-

b) THESIS OUTLINE 

The development or the thesls rollowed the steps ILsted belo,w. 

1.- An unambll[uous LALR-l Aldat l[I'ammar was produced. It rollows M much aa possl­
"i" 

bIe thé notation and conventions presented ln [MERR84a). The dltrerences are 

Justlfled by the_ restrictions Imposed by the system on whlch we were worklnl[. 

2.- This l[I'ammar together wlth routines to perCorm semantlc checklnl[ and code I[enera-

tlon were Ced loto a parser generator. This provlded a translator whlch takes M Input 

Aldat-statements and produces as It! output Intermedlate code. 

3.- We bullt an Interpreter whlch transrorms that Intermedlate code Into runctlon or pro-

cedure caUs ln order to perform the operations of the relatlonal or domaln all[ebra. 

We supplled the routines for the proJect, select and domaln all[ebra operations. ~ 

weIl, routines are provlded to perrorm error checklnl[ and recovery where possible. 

4.- On tç)p or the Interpreter we added a mechanJsm to evaluate recurslvely denned rela-, 

tlons. ...., / 

5.- Produclng a relation si editer or Implementlng the Joln operations were not part of '. 

this thesls. FacUlties are supplled to overcome the first limitation. In partlcular. the 

means we provlded to escape to the host operatlng system permit us ta use UNIX cdl-

tors ror relations. Ann T. Chong Implemented the Il-Joln (CHON86j. 

Wlth respect ta the Aldat language descrlbed ln appendix A. the Implementation 

la complete up to the code generatlon phase. Past thls point. work remalns ta be done ln order te 

provlde the O'-Joln and operations on domalns of type rea!. 

This thesls will outline how the above steps were achleved. lt Is dlvlded Into 

nlne chapters. The Ilrst one has stated objectives and placed the work ln hlstorlcal perspective . 
• 

Chapter II descrlbes the termlnology: relations. relatlonal and domaln algebra. vlews 

Chapter m constltutes the user' s manual It specifIes the exact syntax mentloned 

v 

ln step 1. That Is. It ehows how the user can enter Aldat statements or use the raclllties devéloped 

ln step 5. ,Chapter IV descrlbes the parser and the semantlc analyser requlred te bulld the transla.-
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ter ,mentloned ln step '2. It also details the construction ot the Interpreter or step 3. Chapter V ex-

plalDs the lmplementatlon or the domaln algebra operations. Chapter VI does the same ror the rela-

tlonal alcebra operations. Chapter VU descrlbes the" vlew evaluatlon mechanlsm or step 4. Error 

handllng ls detaUed ln chapter VIII. 

Because thls Implementation was deslened' as the basls on whlch one could 

develop a more elaborate system. Chapters IV throulh vn detall at length the Jmplementatlon. 
, 

They can be seen as rormine a prolP'ammer' 5 manual. Chapter IX. the conclusion. lndlcates some 

directions ror rurther research. 

-. 

• ' 1 

--~--~---_._---------~--------
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cbapter fi 

BASIC RELATIONAL CONCEPTS 

Many textbooks cover to some extent relatlonal database systems and query 

lanlUages: [DATE82). IKORT86). (MAIE83b). [MERR84ar. IOZK(88) and IULLM82). In partlcular. 

[MAIE83b] and (MERR84aJ deal excluslvelY wlth these toplcs. The atm or thls chapter Is to pro­

vide the user wlth general definltlons or relations and or b~ the rel~tlonal and domaln algebras. 

a) DEFINITION OF RELATION 

Deflnitlon: a relation on N. not necessarlly distinct. sets Sl ..... 50 15 a set. or N-tuples eacb or . 

• whlch has Its flrst element from SI' ... , Its N-th from Sn' 

In other words. It 15 a subset or the carteslan product or Sl' .... Sn. It can be seen 

as a table wlth the CoIlowlng propertles: 

1.- all roWs 'are distinct and thelr orderlng Ls Immaterlal; 
, 

2.- each column Is :lsslgned a unique name; 50. thelr orderlng III Immaterlal; 

3.- all entrles ln eacb row and under each column are atomlc. 

Each row represents a tuple. A column III rererred to as a domaln or attrlbute 

and It! underlying set as a domain type. A domaln may occur only once ln a relation whereas :1 

domaln type may be used Many tlrnes. Atomic1ty de pends on the operations defined on the domaln_ 

type. The degree of a relation 15 taken to be the number or domalns on whlch It 15 denned. A data-

base ls a set or tlme-varylng relations. 

Throughout thls thesls. most or the examples are taken from SCHOOL. a small 

database contalning, among others, the rollowlng domalns and relations . 

C· " . 
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DOMA/NS 

name t,pe length deacription 

NAME string student name .' 26 
STUIDL~J .. ,7 student id number 
SEC .. 2 section 
YEAR 4 current year 
.A1 Inuger 11 asslgnment 1 
A.2 .. 11 assfgnment 2 
MID ll

r mldterm 
FIN 11 ftnal 
FEES 1~ Ceespald 
CRED 11_ credits ln current year --

RELATIONS 
- -... 

MARKS_420 
'-., 

.NAME STUID SEC Al A2 MID 

arrau. antonfna 8192214 A 18 20 9 

berard. paulette 8314201 C 23 21 11 
brady. vlvfan 8230267 A 11 17 8 

chrlstos. marllou 8215291 B 13 19 11 
~roux, aUne 8314626 A 20 16 12 
hart, terry 8317112 A 12 1l 8 
Jones, raymond 8215174 B 13 17 7 
Idnl, t.am 8328521 C 17 22 12 
lamontacne, paul 7913295 B 20 20 11 
rivet, maurlce 8214512 C 16 21 9 

CLASS 

NAME STUID SEC FEES 
arrau, antonlna. 8192214. A 200 
berard, paulette 8314201 C 452 
brady. vlvlan 8230267 A 117 
chrl.stos, marllou 8215291 B 398 
~roux, aUne 8314626 A 200 
Jones, raymond 8215114 B -50 
ktng, tam 8328521 C 34 
lamontagne, paul 1913295 B 111 

FIN 
42 
40 
44 
38 
46 
25 
30 
36 
43 
41 

1 

1 

1 

,-17> 
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• DEPT 

NAME YEAR 
brady. vivlan 1084 
brady. vivtan 1985 
Jones. raymond 1983 
Jones. raymond '1984 
Jones. raymontl 1985 
rivet. mlchel 1982 
rivet. m1Ch~ 1983 

.... ""~"" rivet. ID:'che 1984 

Go 

" 

• 

-

• 
1 

CRED 
13' 
15 
16 
16 
16 
16 
12 
14 

, 1 

c - '1 
J ~-

-. , 
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b) RELATIONAL ALGEBRA 

-
Relations can be Introduced as a new data type ln a programmlng language and 

an extended relatloDal aIgebra added as operations on tbat type. These operations take relations as 

operanda and ylèld a relation as a result. They Include asslgnment, projection and joln oncbosen 

domalns, selection or dltrerent tupl~. 

Our examples do Dot ruIly Illustrate the exact syntaX descrlbed ln cbapter m. 

The complete grammar la round ln appendIx A. 

Notice tbat a domaln name can denote a Ust or domalns. For example, Ir a rela-

" tian R la deftned on domalns A. B. C. D. E then we can say tbat R ls deftned on X and Y where ., 
, ~. 

x- {A. D} and Y- {B. C. E}. -
ASSIGNMENT: th1s operation assllllS a value to a relation name. It acts ln the same way 

that asal~ment or values to variables acta ln programmlng languages. 

TEST <- MARKS_420 

TEST 

NAME STUID SEC Al A2 'MID FIN 
arrau, antonlna 8192214 A 18 20 9 42 
berard, paulette 8314201 C 23 21 11 40 
brady. v1v1an 8230267 A 11 17 8 44 

. christoe. marUou 8215291 B 13 19 11 38 

( 
drOux. aIlne 8314626 A 20 16 12 46 

l' 
hart,J~ 8317112 A 12 11 8 25 
jones. raymond 82151704 B 13 11 7 30 
Idnl, tam 8328521 C 17 22 12 36 
lamontagoe. paul 7913295 B 20 20 11 43 
rivet. maurlce 8214512 C 16 21 9 41 

-
" 

• 
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• 
PROJEOT: proJect creates a relation wblcb 1s a vertical subset or tbe operand relation, tbat Is, 

a subset or tbe attrlbutes (coluf!1ns) tram tbe operand relation are copled to a new Te-

,Iatlon. Any dupllcates created ln tbe proc~ are ellmlnated. In ot.her words, tbla 

operation speclfles a subset or tbe attrlbutes or a relation and tbe resultlnc relation Is 

deftned on those!) attrlbutes. -, t'''"l ' 
Detlnltlon: let R be a relation deftned o,!l the domalns A and B; tbe projection Qt R on A la .. 

deftned by 

R [AI== { al a e A and (a,b) E R ror seme b e B}. 

For example, let R be MARKS_420. A=- { NAME, MID, FIN} and 

B= {STUID. SEC. Al. A2}. 

MARKS_420 [ NAME. MID. FINI -
If;' NAME MID FIN 

arrau. antonma g 42 
berard. paulette 11 40 
brady. vivI an 8 44 
c~tos. marUou 11 38 
proux. allne 12 46 
hart. terry 8 25 
Jones. raymond 1 30 '. klnc. tam 12 36 
lamontalPle. paul 11 43 
rivet, maurice g 41 

1 
ty 

.... 

• 
\ 



SELEOT: select 'creates a relation whlch la a subset oC the operand relation by Ineludln~ only '. thoee ,uples whlch satlsCy a ilven condition. It ls requlred that each tuple or the 

operand relation con tains all the InCormation necessary to declde the truth value oC 

the condition determlnin~ membership ln the result relation. 

, Deftnltlon: let R be tn'ë- saDie relatIOn as above: let tT be a logical expression lnvolvln~ any 

number or occurrences or the Collowini elements only: i 

-A. B. constants oC the same domaln type as A or B 

-Iode al operators: and. or .not o 

-comparlson operators: =. :/:. <. >. <=. >=: 

the select or R bMed on tT l.s deOned by 

R 1 tT]~ { (a.b)j 0' ls true}. 

For example. let R be MARKS_.20. A { SEC. FIN} 

u- FIN > .f0 and SEC '" "B· 

MARKS_420 [ 0'] 

NAME STUID SEC Al A2 MID FIN 
v~ 

arrau, antonlna 819221. A 18 20 9 i2 
brady, vlvlan 8230267 A 11 17 8 44 
Proux, aUne 8314626 A 20 16 12 46 
rivet. maurlce 8214512 C 16 21 9 41 

• 
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JO/~: Joln perCorms cenerallzed set operations (union. Intersection. carteslan product and 

the IIke) on pairs of operand relations. In general. tbe operands have common attrl­

butes whlch are used( to de termine Wh1c,h or thelr tuples will be comblned ~o pa~t\cl­
p~te ln the result. We tnslder ftrst the l'-joln and tben the O'-joln. 

Definition: consldèr t'wo relations R( A. B) and S( C. 0) wltb B and C deftned on common 

domatn types; let OC be a constant representlng Irrelevant InCormatlon. "don' t care". 

We deflne the J.Holn oC Rand S ln union mode. denoted uJoln. by 

center== 

wher~ 

{ (x,y.DC)1 (x.y} E Rand ror ail z, (y.z) ES}}., 

{ (x,y,z) 1 (x,y) E R and ( Y. z) e S} 

rliht_wlnc= { (DC,y,z>1 (y,z) E S and Cor ail x, (x,y) e ,R}} 

the other modes or the p-Joln or Rand Sare: 

natural R [ B IJoin C ) 5 = center .. 
leU Joln R [ B lJoln C ] 5 = lett_wlng U center --
rliht Joln R [ B rJoln C ) 5 = centf!r U rliht_wlng 

,'"' • 
symmetrlc 
dUference jOln R [ B sjoln C ) 5 = leCt_wlng U rliht_wlng 

l, 

leU dUrerence R [ B dijoln C J S = lert_wlng 

rlght dl1feremce R [ B drjoln C ) S == rlgbLwlng 

MARKS_420 [ NAME ljolnl'lAME ) DEPT 

NAME STUID SEC Al A2 MID Ftf.l YEAR 'CRED 
, 

brady, vlvlan 8230267 A 11 17 8 44 1984_ 13 
,0 " 

(> 17 8 1086 16 brady, vlvlan 8230267 A 11 44 

" ~1.) .... wl>t Jones, raym0J?fl 8215174 B 13 11 7 30 1983 16 
Jones, raymond 8215174 B 13 !7 7 30 108" 16 
Jones, raymond 8215174 B 13 17 7, 30 1085 16 

where ljoln 'denotes the natural or Intersection Joln. , , , 
u 

• 1 

! 
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DeftD1t.lon: let. R( A, B) and S( C, D) be as ln the prevlous deftnltlon. For a ë A let. R(a)-- { bl 

(a,b) e R}. Observe that R(a) ls a subset or b; lt ls the setoor values or B assoclated 

Wlth a ~lven element or A. Slmllarly. ror d E D let S(d)= { cl (c.d) E 5}. We deftne 

the CT-JOln or Rand S as an exten:Jlon or the division ftrst proposed by Codd 

[CODD7l). This (amlly has six primitive modes based on the rollowlng set compar1s-

ons: 

mode de~eription 
eqJoln equal 

,', ItJoln proper subset 
leJoln subset 
~Joln proper superset 
~eJoln superset 
ieJoln empty intersection \--

whlch yleld the rollowlnr: 

R( B eqJoln C 1 S = 
R( B ItJoln C ) S = 
R( B leJoln C ] S = 
RI B ~Joln C ] S = 
R( B reJoln C ] S = 
R[ B lejDln C ] S = 

{ (a,d)1 R(a) = S(d)} 
{ (a.d)1 R(a) C S(d)} 
{ (a,d}1 R(a) C S(d)} 
{ (a,d}1 R(a) ::> S(d)} 
{ (a.d)1 R(a) ::> S(d)} 
{ (a,d)1 R(a) n S(d) = 0} 

~ . 
There are slx compiementary modes obtalned by preflxIng each basic mode With 

a nelatlon. For example: 

R[ B not eqJoln C ] 5 = { (a,d)1 R(a) ~ S(d)}. 

In the next section we 1llustrate the use oC Icomp. the batural or Intersection 

composlt.lon, whlch 1s not leJoln. Tbat ls, 

1 

RI B lcomp C J S !!!!I R[ B notJejoln' C] S 
/ 

Althouih powerCul, the relatlonal al~ebra 'cannot handle computat.lons &CJ'088 tu-

1 D 

pies or atonl domalns. Moreover, It ls lncomplete ln the sense that lt does not lnelude a Ioop strue-

ture and, henee. ean not solve least ftxed-polnt problems . 
• 
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c) DOMAIN .ÀLGEBRA 

The domaln al~ebra ls a faclllty whereby new attrlb e creat as some 

!unctlon oC existlni attrlbutés ln a ,lven relation. For exampl~, a ornain, say 

deflned 88 t.he sum or two otber 'a~trlbutes, say MID and domaln, say 

TOTAL..MIDYIN, can be deftned 88 the sum or aU tbe values ln t.he att.rlbut.e fvfID_FIN ln a (Iven 

relation. 

""-
The contents oC a relation can thereCore be transrormed bot.h horlzontally. Insld,e 

a tuple. and vertlcally. across tuples to create new attributes whlch can be used llke any other ar,. 

tribute. The creat.ion or a new relation wlth values ror those attributes can be achieved usln( the 

proJect operation. 

Functloos deflnln( vlrt.ual domains are composed or domain operations whlch rall 

Înto two cate~orles: borlzontal and vertical. Horizontal domaln ope~lons have operands whlch do 
"':1 0 c 

not cross tuple boundarles. That Is, aU the operands t'or that operat n are round ln the same tuple. 

For example. . 

let MIDJ'IN be MID + FIN 

wbere both ~ and FIN are already deHned att.rlbutes. 
o 

An actual domaln Is an attribute wblch exista ln a ('lven relation. MID-YIN Is 

sald to be virtual because It does not presently exlst ln any relation. When MIDYIN ls actuallzed, 

&Iain throu~h a prolect operation. lt wlll contaln ln eacb tuple the sum oC the values oC MID and 

, FIN for that tuple. 

j' 
l, 
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• MARKS_420[ NAME, MID, FIN, MIDJ'INJ 

NAME MID FIN MIDJ'IN 
urau, antonlna 9 42 51 
berard, paulette, 11 40 51 
brady. vivlan 8 44 52 
ehrtstos, marilou 11 38 49 
proux. allne 12 46 58 
hart, terry 8 25 33 
Jones, raymond 7 30 31 
king, tam 12 36 48 
lamontaiDe, paul 11 43 54 

r rivet, maurtce 9 41 50 - (, 

AsIIllPlment or a constflt value to à' domaln lB a special type or horlzontal 

domain operation. ! 
let SPECIAL_FEE be 13 

creates a vlrtual domaln whose value lB 13. A constant domain therefore 1s a domain whlch has the 

same value Cor aU relations, ail tuples. , ., 

By comparlson with horizontal domalns, vertical domains have operands wblch 

are a re~sult of a functlon on values from one or more tuples. Four classes of vertical domaln opera-

.. '. 
tors can be deflned. 

'1 
R-ê'ductlon (RED) ls a class or domaln operators whlch perform some blnary 

operation on an attrlbute over every tuple ln the relation ln order to produce a single result. For ex-

ample. 

let TOTAL..MIDyIN be red + of MID...FIN 

produces a new attrlbute whlch ls a sum of aIl the values ln the MIDJ'IN attribute. Conceptually, 
c 

TOTAL...MIDYIN will have the same value for eaeh tuple . . ' 

• 
() 
Il --
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• MARKS_420[ NAME, MIDJ'IN, TOTALJAID..FINI 
'\ 

0 NAME 'MID...FIN TOTAL~ID.FIN 

arrau. antonlna 51 483 

\ berard, paulette 51 483 
brady, vlvlan 52 483 
chrlatos, marllou 4g " 483 
Proux, aUne 58 483 
hart, terry 33 4E13 
Jones. raymond 37 483 
kIng, tam 48 483 
lamontaiIle, paul 54 483 
rivet, maurlce 50 483 

Equivalence reductlon (EQUIV) Is a type of reductlon by whlch a relation ls- ftrst 

stratlfted into sets of tuples having the same value ror one or more domalns. A separate reductlon 

operation ls then performed on ea.ch stratum or equivalence class. 

let ~ES...BY _SEC be equlv + of FEES by SEC 
~ l " 

deftnes an attrlbute whlch wlll be calculated by ftrst stratifylng the relation by section and the&: 

perfor~!!lg the reductloli operation on each stratum, that Is, the summlni up or rees paId by each 

" student. 

/ 
SEC FEES.-BY _SEC 

A 51?' 
B SIg 
C 486 

Functlonal mapplng (FUN) 15 another clsss'or vertical domaIn operator. It acta 

" upon a relation on which an orderlng can be Induced by one or more attrlbutes.: This allow5 the e~-

ploratlon -of a relatlonshlp between successive tuples. A FUN operation perrorma sorne blnary 
" 

operation, but unllke RED which produces a single value for the result attrlbute, It perCorms an 

opération and stores the current result ln the resultlng attrlbute. That ls, 

value or tbe value or value oC 
result a~trlbute = attrlbute Ifor OP operand 
ror cprrent tuple prevlous tuple domaIn 

wbere OP Is sorne blnary operator. Ir the current tuple la the ftrst ,upie, then the value or the attrl-

• bute ror tbe prèvlous tuple la taken to be the Identlty element roI' tbe operator OP. 
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It la stressed that the ordering attrlbute mtult tunctlonally determlne the operand 

attributé ln order ror the result to be meanlngtul. Ir there fs a group or tuples wlth the same value 

ror the orderfnr attrtbute then thls group or tupI es wlll be treated as a single tuple. That Is, the 1 

operation will be perto;med only once ror the group and the result. attrlbute wlll have the sameJ 

value ror all tupleS1n the ifOUP. 

For example. given 

let CUM_CRED be fun ~ or CRED order YEAR 

the result attribute represents the cumulative number or credits ror each year. AlI tuples wlth the 

same vaiue ror YEAR, were there any, would be treated as a single tuple, thereby enterlng Into the 

operation ooly once and bavlng the same resylt y,alue. 

SuPPose that JONES <- DEPT[NAME = "Jones, raymond"]. 

JONES! YEAR, CRED, CUM_CRED] 

YEAR 

1983 
19S4 
1985 

CRED 

16 
15 
16 

CUM_CRED 

16 
31 
47 

/ 

Partlal1unctlonaJ mapplng (PAR) 1s an extension or tunctlonal mapplng. The re-
. 

latlon 1s tlrst. stratUled over specilled "omaln5. A separate tunctlonal mapplng is tben pertormed 

over each of these strata, In other word5, PAR 15 te FUN wbat EQUIV 15 to RED. For example, 

Jet CUM..CRED.»ER_STUDENT be par + or CRED order YEAR by STUDENT 

DEPT[ N.A.VŒ,;. YEAR, CRED, CffivLCREDYER_STUDENT) 

NA1vŒ YEAR CRED CU1vCCRED PER_STUDENT 
brady, vlvlan 1984 13 13 
brady, vlvlan 1985 15 28 
Jones, raymond 1983 16 16 
Joncs, raymond 1984 15 31 
Jones, raymond 

(, 

1985 16 4;7 .... rive\..-ID1cbel 1982 15 15 
rivet, mlchel 1983 12 27 
rivet, mlchel 19S4 14 41 

' .. 

'. 
l , 

...... 
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~. 

J .. • d) VIEW DEFINITION AND RECURSIVE RELATION~ 

Just as new do mains can be deftned as a runctlon or prevlously denned domains, 

50 can new relations. A vlew or a database l.s a relation derlved from the glven relatlorul or tbe da-

tabase by some expression usl~ the relatlonal and domain algebra. Amonl other advantallCS, 

vlews otrer the posslblllty or deftnlng relations recurslveb:; whlch. ln tum. allows least nxed-polnt 
, . 

operations llke computlng the transitive closure or a graph. 

Conslder a relation called PARENT and deftned on SENIOR and JUNIOR fihlch - , 

are do mains or type string and length 18. Ir .. edward IV ellzabeth or york" Is a tuple or 

PARENT lt lndlcates that edward IV 115 a parent or eUzabeth or york. In order ta rlnd for any two 

persans whether one l.s a descendant or the other, we compute the transitive closure or PARENT 

and caU the result ~CESTOR derlned on SENIOR and JUNIOR. We have the. rollowlnl: 

ANCESTOR l.s PARENT [ uJoln ) 

( ANCESTOR [ JUNIOR lcomp SENIOR) ANCESTOR) 

where Icomp l.s the natura! composition and PARENT contains: 

;wI 

PARENT 

SENIOR JUNIOR 

edward IV el1:t~beth or york 
eUzabeth or york henry VIn 
ellzabeth of york margaret 
henry VIT henry VIII 
henry VIT margaret 
henry vm edward VI 
henryVllI ellzabeth I 
henry vm maryI ~ 

James IV stewart James V stewart 
James V stewart mary stewart 
mafllaret James V stewart 

1 

----------

• l" 
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~\ ~ 1 

ANCESTOR 

• SENIOR JUNIOR 
edward IV edward VI 
edward IV ellzabeth 1 
edward IV ellzabeth or york 
edward IV henry vnI 
edward IV James V -stewart 
edward IV margaret 
edward IV mary 1 
edward IV mary stewart 
ellzabeth oC york edward VI 
ellzabeth -oC york ellzabeth 1 
ellzabeth oC YOJ:k henry VITI 
ellzabeth oC york James V stewart 
ell,zabeth or york margaret 
ellzabeth or york mary 1 
el1zabeth oC york mary stewart 
henry VII edward VI 
henry VII ellzabeth 1 
henryVll henryvnI 
henry VII James V stewart 
henry VII margaret 
henry VII maryI 
henry VII mary stewart 
henry vm edward VI 
henry vm ellznbeth 1 
henryVllI mary 1 
James IV stewart James V stewart 
James IV stewart mary stewart 
James V stewart mary stewart 
margaret James V stewart 
mariaret mary stewart 

ln thls example we used an lcomp. Observe that the same result can be obtalned 

by pertormlnl an Ijoln rollowed by a proJect '\\\hlch ellm1nates the Jolnlng attrlbutes. 

Indeed. the 15et or operators descrlbed in thls chapter 1s very rich. Sorne authors 

llke {KORT86J. [MAIE83bJ and IULLM82J define a set or elernentnry. non redundant operators and 

then express the other operators Ln terms oC the previous. This Is Interestlng from a theoretlcal 

point oC vie\". However. our (toalts to supply the user witQ a simple conceptual framework. 

The next chapter explalns. among other thlngs. the exact syntax used to enter 

Aldat statements . 

• 
." 

.. 
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chapter m 

• USER' S MANUAL 

. ReUx Is an Aldat Interactive emulator orrerlng a. \Vay to elCPerlment wlth both the 

relation al and domaln algebras. It Is assumed that there Is enough room ln main memory for the 

! 

operands and result. Joln excepted. of any relatlonal operation. It Is Interactive ln the sense that It 

accepts and executes one statement at a tlme. as opposed to collectlng statements and waltlng for Il 

speclallnstructlon from the user to start executlon. A Calr knowledge ot the main chnracterlstlcs oC 

an Aldat-llke language. as descrlbed ln [MERR84a]. constltutes a deftnlte asset: also. the user 

should be decently famllIar wlth UNIX commnnd language: cp., rm. vi. not to mention logln. etc. 

/ 

The present manual comprises the rolJowlng sections: 

a) Gettlng Started Uslng System Commands 
b) Domain Algebra 
c) Relatlonal Algebra 

a) GETTING STARTED USING THE SYSTEM COMMAl"fDS 

Bear ln mlnd the Collowlng: 

;[< 

-reUx Is cominand drlven. as opposed LO' menu drlven 

-user Input lInes are Ln Itallc characters 

-reUx output lines are ln bold characters 

Suppose you want to create a database named SCHOOL comprlslng the rollowlni 

relations: MARKS_420 deflned on NA.'\1E. STUID. SEC. Al. A2, MID and FIN. CLASS on NAME. 
<", 

STUID, SEC and FEES. 

The type of the nttrlbutes NA..'\1E, STUID and others Is speclfted below. When 

you have the UNIX prompt, say '%'. type ln 

% rdiz SCHOOL 

You soon get the reUx prompt: • > '. Let us Inspect the current state oC dom_table (respectlvely 

rel_table and rd_table) wlth sd! (sr! and srd! respectlveIY). At thls point. they contaln Information 

o about the system relations only and _NULL. This relation 15 attrlbuteless but may contaln one tu-



c 

"> 

c' 

pIe. Amon, others. the D'-Join. ta be dlscussed Curther, can make use oC lt. 

-
Index 

o 
1 

2 . 

3 

Index 
o 
1 
2 
3 
4-
5 
8 
'1 
8 

Name 
DOM 
REL 

RD 

Relation 
DOM 
DOM 
DOM 
REL 
REL 
REL 
RD 
RD 
RD 
RD 
RD 

Domain Table: SCHOOL 
Name 
domJlame 
ret.name 
length 
type 
tuple_size 
ntuples 
count 
dom-pos 
aort_rank 

Length 
20 
20 
11 
11 
11 
11 
11 
11 
11 

.!ctual 
T 
T 
T 
T 
T 
T 
T 
T 
T 

Relation Table: SCHOOL 

Type 
STRG 
STRG 
INTG 
INTG 
INTG 
INTG 
INTG 
INTG 
INTG 

Tsize Ntuples Arity' Domains 
42 lB 3 dOIn_name length typ-e 
42 6 3 rel_name tuple_size 

ntuples _ 
73 20 5 rel_nam, dom_name 

count dom-pos sort_rank 

o " o o 

RD .Table: SCHOOL 
Domain 
dom_name 
length 
type 
rel_Dame 
tuple_size 
ntuples 
rel_name 
dom_Dame 
count 
dom-pos 
sortJank 

Count 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

Position 
o 

20 
31 
o 

20 
31 
o 

20 
40 
51 
62 

-, 

Rank 

When displaylni the contents oC rel_table we wlll not show the entrles 

correspondlllt to the system relations any more. To get on-Une inCormatlon about the system com-

mands. type: 
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hl • .., 
arr -> append some tuples to an existing relation 
bateh! -> switeh mode to batch 
cd! -> create a new domain 
cr! -> create a new relation 
dd! -> delete an exlsting domain ~ 

dr! -> delete an exiatlng relation 
hl -> display thé current table 
Input! -> redirect standard input to a UNIX flle 
manl -> display the manual on screen 
pol -> display the code generated 
prl -> display a relation on the screen 
q! -> returD to UNIX 
saI -> save existing relations 
sdl -> display the contents of dom table 
.hl -> get a set oC shell commanda and execute 
sr! -> display the contents oC rel table 
srd! -> diaplay the contents oC rd table " 

',h To le~ the on-Une copy or the current manual t"~roulh • more'. a UNDC raclllty, 

type: 

manl 

, To add some domains use the command cd! (create domaln), 

cd! 

enter domain name( or • et· to exit): 

NAME ,~ 

enter the '~um~ ... correoponcling ta t~. c1esired type '\ 
1.- boolean . aoo 

2.- integer 
3.- Boat 
4.- string 

number: 

• 
enter length of string betweèn (1 and 40): 

• 18 

• :;> 



• 

, 
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you continue thla way ta enter STUID. SEC, Al, M. MID and FIN. Wb~n you are tlnlahed wlth 

"ènterins new domalns. you exit QSlns el (exit) . . 
ente!' domain name( or 'el' to exit): 

e! 

Suppose you entered erroneously a2 and then A2 as ~eslred. You can delete a2 

uatnl ddl (delete domaln). You cao remove unused domalns only. 

dd! 

,j 
ente!' • pl' Il you want to be prompted with the name ot 
dom.iM th.t cao be deleted ( "el' to exit): 

.. ., . 
The option 'p!. la easler to use slnce you need not remember\ the spelllni or the . 

domalns to be deleted. However. Ir tbere are only rew domalns to remove you are better off Just hit-

tins • retum ' . In thls case, you get: 

ente!' domaln name( or 'e!' to exit): a2 
ente!' domaln name( or 'e!' to exit): el 

l-

,dI 

-- Domain Table: SCHOOL 
Index Name Length Actual Tue 

0 dom....name 20_ T STRG 
1 rel,name 20 T STRG 
2 length 11 T INTG 
'3 type 11 T INTG 
4 tuple-ftize 11 T INTG 
li ntuples 11 T INTG 
5 count 11 T INTG 
7 dom-pos 11 T INTG 

! .. 8 ,lSortjank 11 T INTG 
g NAME 28 T STRG 
10 STUID 7 T STRG 
11 SEC 2 T STRG 
13 Al 11 T INTG 
14 A2 11 T INTG 
15 MID 11 T INTG ... 
tG FIN 11 T INTG 

~ 

Observe that the twelCth entry la m1sslnS: lt has been occupled by &2. That!s. 

, 

• 

'Q 
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.. 

no rarbase collection la performed on dom...table. Let us create a new relation and enter some tu-

pies. This 1s done throur;h crI (create relation). 

crI 

enter relation nam~( ,or # el' to exit): 

enter do~ain name( or 'el' to end): 

NAME 

and then STUID. SEC. Al. M. MID. FIN ,00 finish wtth 

en~ domain name( or 'el' to end): 
, 0 

el 

" -
relation MARKS_420 jà' deftned on 7 domains 

,/ .'tuple 8ise= 79 ' 
/">----.. ... " 

Observe that 70 1s the sum of the iWldth of the attrlbutes'on' whlch MARKS_-t20 
-. ,. 

ls deflne. It Is DOW possible to enter a. (ew t~ ReUx prompts you tbus: 

enter 'al # il you want to add a tew tuples 

al 

or 'ft # if a corresponding flle already exista 
or 'el # to exit: 

"" .:' 

enter the maximum number or tuples to append: 

• 
we may enter up ta Muen tuples 

( 

enter 'el' to end ( anything elte ta çontinue): 

,. 

rD 

\1 

-

--



enter value for > NAME < 1 

(de, dk or any string of length < == 2G~ 
riflet, maurice J 

and then 8214512, 3, 16,21, 9 and 41 Cor STUID, SEC, Al, N}, MID and FIN respeetlvely. And so 

on untU you have entered ftrteen dUrerent tuples or replled wlth el te 

enter 'e!' to end ( anything else to continue): 

Let U8 enter another tuple: paulette berard, 8314201, 3, 23, 21, l1, 40 ap.d then 

el 

15}) 

relation MARKS_420 contalns 2 tuples 

.1 

enter relation name( oro ' el' to exit): el 

Notice: we are still ln create rel. To exit, enîer: 

el 

o ) We cllP-1ook back at the tuples Just Input uslng pr! (print relation). 
,/ . 

,rI 

enter relation name( or 0. el' to ~lt): 

" -'~ --.... -
\1 

NAME STUID SEC Al A2 MID FIN 
J)éz.ard, paulette 8314201 C 23 21 Il 40 
rivet, maUrlce 8214512 C 18 21 _9 41 

You can resume addln, tuples to MARKS_420 uslng arl (append seme tuples to 

an exlstlnc relation). (Î 

Grl " 
'. 

~rl 
t~\ 

o 
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enter relation name( 01' 'el' to exit): MARKS_420 
~ter the maximum number of tupl~ to appendz 20 

1 

and entering approp~late values to each of NAME, STUlb, SEC, Al. A2, MID and FIN. Assume 

" that the Collowlng have been Input: 't , 
~ 

NAME STUID. SEC Al A2 ~MID FIN 
arrau, antonlna 8102214 A 18 20 '0 42 
berard, paulette 8314201 C 23 21, 11 40 • 
brady, vlvlan 8230267 A 11 17 8 "" chr1.stœ, marllou 821$201 B 13 10 .~ 11 38 
droux, allne 8314626 A 20 16 12 46 
hart, terry 8311112 A 12 11 8 25 , 
Jones. r4Ymon~ 8215114 B 13, 17', 7 " 30 
k1n~. tam ,. 8328521 C 17 22 12 36 
lamontagne, paul 7013205 B 20 20 11 43 \" 

0 rivet,' maurlce 82H512 C 16 'Cl 0 41 ~ 

" 
Alternatlvely, we can turn a, UNIX HIe Into a relation uslng cr! 8Qd n . Let us .,.. 

deflne a relation CLASS 6h NAME, STUID. SEC and FEES. Assume FEES has been deftned as an 

lnte~er domain and the file CLASS created thus: 

brady, vivi an 8230267 AOOOOOOOOl17 
giroux, allne 8314626 AOOOOOOOO200 
lamontagne. paul 7913295 BÇOO<>OOOO 111 

éJ 
cbrlstos, marilou 8215291 800000000308 
arrau, antonlna 8192214 AOOOOOOO()200 
Jones, r~ymond 8215174 8-0000000050 
king, tam 8328521 COOOOOOOOO:r-4 
berard. paulette 8314201 COOOOOO00452 

,~ 

Observe: -the order ln whlch domain values are entered ln the tUe must be the same 84 the 

Il order specLfted when uslng cr!; 

n 

-domaIns or type .rlng must be r1~ht-padded wlth blanks, tbocse or type Integer 

leCt-padded wlth zeroes. 50 that àll the tuples haye tbe same len~th; 

-an optlonal minus slgn appears ln tbe lertmost pOSition or the eleven-byte ln-

tei,er fteld~, 

-bad wc a boolean domaln. we would, have entered '0' ror F ALSE and '1' ror 

TRUE. 

The dialogue ~oes thust 

,J, 

" , 
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1 

A' 

, 

enter # al' If you want ta add a few tuples 

/1 

01' # t!' If a'c:orl'ellpondinS flle already exbta 
01' # el' to exit; 

enter (posittve) number of tupJes: 

tO 
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... W ARNING ••• ladt.c: icrel 11.11: no more data to read 
l' ! 

tl° 11t 

A warnln~ ls Issued because the number oC tuple5 15 smaller than expected: hot a ' 

o 
serlous offense (see error handIlng ln chapter VIn). Uslng pr!, you get: 

NAME STUID SEC FEES 
&l'l'au, antonina 8192214 A 200 
bel'ard, paulette 8314201 C 452 
brady, vivlan 8230267 A 117 
c:hrlstos, marilou 8215291 B 398 
giroux, aline \.J 8314626 A 2ÔO 
Jones, raymond 8215174 B -50 
king, tam 8328521 C 34 

!' lamontagne, paul 7913295 B 171 

Let us lnspect rel_table wlth ~r' assuming thà.t 'SOrne otber relations have been 

éreated with cri or the relatlonal al~ebra (agaln. see section c) . . 

Relation Table: SCHOOL 
Index Name Tslze Ntu~les Artt:r DomalDs 

a ..NULL 0 0 0 

" MARKS_420 79 -10 7 NAME STUID SEC Al 
A2MIDFIN 

,6 CLASS 46 8 4 NAME STUlD SEC FEES 
t RESULT 29 10 3 STUIDA1A2 
.7 RES_SEC 013 3 2 SEC TOT_SEC 

You may delete sorne relations. This cati be done wlth drl (delete relation). 

4r/ 
o 

W ARNING: Ir )l'OU delete any relation uaed in any view 
... ft la .ater to quit alter exêeutlon or thls command 

enter relation name{ or • el' to exit): 

, ". 

" 
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enterinl RES_SEC and RESULT wlll cÎwse.. thelr removal from rel_table. The 

same result can be achleved wlth sa! (prompt the 'User ta ftnd whlch relations te save) . 

for eaeh relation enter yin depending whether 
you want to save it or not ( e to exit) 
MARKS_"20 (y/n/e): 

• 

entenng y, n and n tor ,CLASS, RESULT and RES_SEC respèctlvely would leave rel_table I[\,.the 

sa.me state as dr! above, namely: 

Relation Table: SCHOOL 
Index NaUle Tsize NtuEles ATitl Domains 

3 ... NULL 0 0 0 
.. " MARKS_420 79 10 7 NAME STUID SEC Al 

A2 MID FIN 
5 CLASS 46 8 " . NAME STUID SEC FEES 

In section c) we explaln how ta enter relatlonal expression!. In chapter IV (Sys-

tem overvlew) we describe how these expressions are translated to sorne Intermediate code' ror a 

stack machine. It may be useful for a programmer ta dlsplay that code, This 15 done wlth pol 

(dIsplay the code generated: mnemonlC5 and operands). 
" 

For example, to 

RESULT <-[ STUID, Al. A2jln MARKS_420; 

corresponds the tollowing plcce of code dIsplayed arter lnvoklng: 

:po! 

","' 
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/' 

Os PUSH..REL RESUL'f 

C 2s PUSH_REL MARKS_420 

( 

4s PUSH_DOM STUID 

6: PUSH_DOM Al 

8: PUSH_DOM A2 

10: PUSH 3 

12: PROJECT 
1\ 
,~ 

13: ASSIGN ~) // 
14: HALT 

/(' 
f - f ' 

" ~ , 
O~rve tbat the code 15 a collectlqn of lnteKers. Some of them are indices in the 

-~-

domaln or relation table. However, we dlsplay the corresponding domaln or relation name~ . 

. ' In chapter VIn, we describe how errors are handled. In a nutshell: we attempt to 

teep on processlni a3 much a3 possible unless a catastrophe occurs. You may impose tbat executlon 
, Il { 

ls ta be stopped atter errors bave. been detected and a predetlned threshold of 10 operations bas 

been reached. This is done wlth batch! (switch mode ta batch). , , 

' .. 
batelai 

Whlle runnlnK reUx, you May atUl execute UNIX commands. Suppose you want 

to make chanKe8 to a copy of MARKS_420. named TEST, you can use elther shI (Ket a set <If shell 

commands and execut,e) or the slnKle Une shell Caclllty. The tlrst one 15 lnvoked ~hU8: 

<>!il -

ahl 

Une conslsting or ' el' terminatea shell description 

" 

!'/ a 

vi TEST 

• t? ' 
,/ 
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1 

You retum te reUx when exltlftlt from vi, aCter the copy has been made. For suc~ 

a short sequence or commands, you mayas weil use the second posslblllty whlçh 15 Introduced by 

'%' and termlnated by a carrlage return, thus: 

% cp MARKS_4fO TESTj vi TEST 

We will soon explaln how te deRne domalns or relations. Alt.houlth you may aI-

waya enter these deftnltlollS lnteractlvely. It May be convenlent ta collect. t.hem ln a nie. say 

GOODJ>EF. and run lt rrom rellx usln, Input! (redlrect standard Input to a UNIX flle). 

input! 

1 

enter tty name (il unknown, exit and type: %tty)( 'e!~-to exit): 

\ 
tt1l10 " 

enter file name ( or 'e!' to exit)s 

GOODJ)EF 
• _r, 

assumlng that ttylO ls the outcome or "%tty". 

Four system commands can be Invoked wlth a sln,le rfarameter. ,We present me 
., 
'. 

relevant rellx grammar rules (the complete grammar ls ln appendlx A). Enclosed between angle. 

brackets. '<. and '>'. are syntactlc -categories. 
\ 

<command.wlth-parameter> ::= <command-name> 'f!' <ldentlfter> 

<command-name> ::= dr 1 pr 1 sd 1 sr t 

<ldentUler> 
o \ 

::= <Ietter> ( <Ietter> 1 <dlilt.,> l '_'). 

<dlilt> ::= 0 1 il .. · 1 9 
1 

<letter> ;;= a 1 b 1 ... 1 ZiA 1 BI,,· 1 Z " , 
where ar 1delete a relation). pr (prlnt a relatlo~), sd and sr (d~play an entry ln dom_table. respec-

tively rel_table) have been dIscussed prevlously. 

You can create new domalns wlthout Q,Slnit cd!. Slmllarly. you can declare a reJa.. 

tion or turo a UNIX ftle lnte a rel'atlon w1thout uslnlt cr!. The syntax 15: 
1 

1 , 
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'. 

. , 

" 

• 

< domaln-declaratlon > 

< relatlon-declaratlon > 
.., 

<domain-Ust> 

.' 

::=-

::=-

:::Da:I 

"­.. -
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domaln <identifier> <type> 

boolean r boot Ilnteger lintg 

reàI 1 float 

( strlng 1 strg) <dlglt,>+ 

relation <identifier> <domain-lIst> 

( '<-' ( <Identifier> 

<domàln-llst> ': <domain-expression> 

< domain-expression> 

1 

Ats ln many gra\Ilmars, e denotes the empty string. The rule deftnlnl a string 

constant Is )ead: startlng and endlng with '"' , comprlslng no Intermedlate .... , .\. or carrlage re-

turn. We could have obtalned the same result as above ,wlth: 

domaln NAME strg 26; 

relation MARKS_420 (NAME, STUID, SEC, Al, M, MID, FIN) 

<- .... !MARKS .. ; 
.' 

relation VŒW _Or _420 ( NAME, STUID, SEC); 

These relation declarations specl(y the attrlbutes on which the relations are to b~ 

detlned. As weil, the Orst declaratlon Indlcates which UNIX Ole Is to be assoclated with 

MARKS_420. In thls example. the flle MARKS. found ln a slbllng dlrectory of the <Iatabase. wlll 

he copled under the name 1Y1ARKS_420. Hence. no modification to the latter can affect the former. 

The second declaratlon wlll not create a lUe _as5oclated wlth VIE\V _OF _420. This option mat be 

used when definlng vlews (see section cl. Before movlng on ta domain deftnltlon, lt 15 worth men-

tloning that startlng up can follow a dlfferent cours~. The comp~ete syntax i5: 

, 

, , 

, 

/ 

1 



o 

, . 
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• 

<start.-up> ::-- reUx <options> 

<options> ::== UNlX-patb <other-optlons> 1 ~ 

< otber-optloIlS > :':== <number.or-pages> < pace-slze-optlon > 1 e 

.... " 
<number-of-pages> "- <lnté'ger> .. -

" 

< page-slze-optlon > "- <lnteger> 1 e .. -
. 
For..example, suppose that YOI! estlmate that 100 pages or 2000 bytes each would 

" . 

be more convenlent tban the currently Implemented derault or -l0 pages of 40g6 bytes. Suppose a.lso 

tbat l'ou want ta work in a database, say BANK, ln a slbllng dlrectory of the current one. You may 

then enter: 

, re/iz .. /BANK 100 BOOO 

1 • .... 

If you deflnltely do not llke tbe derault values but are also reluctant ta type ln reUx ... 2000 repeat-- . 

edly, we suggest you 10011\ up the UNIX allaSlng raclllty. 
~ 

'" 

' . 
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b) DOMAIN ALGEBRA 

C Domain Table: SCHOOL 

Index Name Length Actual Type - 0 dom_name 20 T STRG 
1 rel_name 20 T STRG 

\ 
2 length 11 T INTG 
3 type 11 T INTG .. tuple_slze 11 T INTG 
5 ntuplea 11 T INTG 
6 count 11 T INTG 
1 dom-p05 11 li T INTG 
8 sort_rank 11 T INTd~~ , 
0 NAME 26 T STRG· 

10 STUID 1 T STRG 
11 SEC 2 T STRG 
13 Al 11 T ~, INTG 
14 A2 11 T. INTG 

(1 
15 MID 11 T INTG -. \\ 16 FIN 11 T INTG .,. 

'11 YEAR 4 T STRG 
1;: 18 CRED 11 T INTG 

~ 

Relation Table: SCHOOL 

Index Name Taize Ntuples Arlty Domalns 

3 _NULL 0 0 0 

4 MARKS_420 79 10 7 NAIvŒ STUID SEC Al 
A2 MID FIN 

5 CLASS 46 8 4 NAIvŒ STUID SEC FEES 
6 DEPT '" 41 8 3 NAl\.1E YEAR CRED 

New do mains can be deftned as the appllcatlon oC an operator or a Cunctlon ta . 
prevloU51y detlned domalns, through the let statement (for tbe rest ot thLs chapter, bold type 15 

~ 
re3erved for keywords, lncludlng relix): .,. 

\ let <Identifier> be <domain-expression> ~ 

Four types of do main are av ail able: boolean or bool (BOOL), integer or intg 

(INTG), .;eal or Boat (REAL) and string or strg (STRG) (chaln of characters). At present, no 

operations on real domalns bave been Implemented f~rther than the parslng phase. 

We distlngulsh between horizontal and vertical domaln expressions. The value of 

a horizontal doma~~ expres.slon for a glven tu pie depends only on values oC domalns wlthln the 

• 5ame tuple. On the other hand, a vertical domaln expreMlon ls a functlon of values from pOISSlbly 

'.' 
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, 
? 

more than one tupie . 

We present the operators ln order oC Increaslng arlty, st.art.lng wlt.h domalns ualng 

no operators. The ~aslc tokens are given by the followlng rules: 

,.:' .. /" 1 
<boolean> ::=, , ·true false 1 de booll dk bool 

<Inte~ 

<real> 

<string> 

.. -.. -

<dlglt>+ 1 de lntg 1 dk Intg 

<dlglt.>* ' .. ' <digit>. 

<non_dc_dk_strlng> 1 de strg 1 dk atrg 
;; 

The maximum value or an Integer constant 15 machine dependent. On a. 32-blt .. ~. 

machine typicai values are: 2141483647 on the Masscomp and 2141418111 on the Cadmue. The 

symbois de, Cor "don' t care", and dk, Cor "don' t know", represent, nuI1 values. The n~t descrlbes 

lrrelevant Inrormation; the second, mlsslng data. Tbe length of any string must be between one 

and Corty. 

. ' .!. NO OPERATOR 

~. 

A domaln can be deflned wlthout uslng any operator. tbu.s: 

-'< domain-exPression> • (' < domain-expression> ')' 
'OC 

" 
<constant> 

< Identifier> 

<constant> <boolean> 1 <Integer> 1 <re:ù> 

.. '''\ 

Examples: 

let ONE be 1; 

let TRUE be true; 

be ( de Intg), ~ 

let STUDENT_ID":,rbe STUID; 

The type oC the expression foUowlng he determlnes the type or the new domaln . 

.. 
',-

\ 
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For example, ONE and DCJNT have type lnteger, TRUE type boolean and STUDENTJD type 

strln •• Th. tblrd • ampl, .how. tb ... uperftuou~ parenthes, •• an b. us,d. fi 

UNARY OPERATOR 

1 

Domalns can aIso be deftned ln terms of unary operators: 

"'< domain-expression> 
f 

< unary-op > < domaln-expresslon > 

<vertical-expression> 

<vertical-expression> ::= 

\ 

red < 8.'5S-com .. Qp > ' of < domaln-expresslon > 

equlv <ass-com-op> of <domain-expression> 

by <domaln-llst> 

fun < rcn-par-op > of <domain-expression> 

order <domaln-ll.5t> 

par <rcn-par-op> of <domain-expression> 

< unarY-op > 

< !cn-par-op > 

< ass-com-op > 

< other-bln-op > 

<domain-lLst> 

order <domatn-llst> 

by <domaln-IIst.> 

::= • -: 1 • +. 1 • - • 

::= <8.'5S-com-op> 1 <other-bln-op> 

00-
00-

"­.. -

pred 1 suce 

. +' l '.' l 'Br.' l '1'1 max 1 min 

, T" 1 ï' 1 mod l '**' l 'II' 

<domaln-list> ',' <domrun-expre:sslon> 

< domain-expression> 

The less obvlous operators have the rollowlng meanlng:s: 



• 

• 
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~ 

or ' 8t.. and 

boolean ne~atlon 'U- strlni concatenation 

- mod lnteger remalnder ~ .... exponentiation 

pred pre dec essor suce successor 
t 

Vertical operators are obtalned by Collowlni one oC red(uctlon), equiv(alence), 

fun(ction) ~d par{tlal runctlon) by a blnary operator. 

The outcome must be Independent oC the orderlni oC the tuples. Hence, the 

blnary operators allowed wlth red, equiv must be associative and commutative. ' 

On the other band, the operators Collowlng fun or par need not be associative or 

commutative slnce an orderlng oC the tuples Is specUled by the order clause. The by and order 

Usr.a may not be empty and, ln the case oC par, the order llst must precede the by lIst. 
~-' 

Examples: 

let CLASSYEES be red .. + of FEES: 

let SEC...,FEES he equiv + of FEES by SEC; 

let CUM_CRED beCun + of CRED order YEAR; 

let CUM_CRED-:-N be par + of CRED order YEAR by NAME; 

CLASSYEES perCorms the addition oC FEES over every tuple to produce a sln-

de re~5Ult, where.as SECYEES partitions the tuples among the dUferent equlvalence classes, here 

the sections, and then computes a total for each section/Ir there 15 only one student, CUM_CRED 

computes, for each year, the number of credits accumulated as oC the ftrst year durlng whlch the 

student has completed sorne credits. The result would dUrer from one tuple ta another M long !l5 

.~ 

'they dltrer ln the YEAR attrlbute. Were there more than one student, CUt"CCRED-.N would 

-
achleve the same goal since It would partition the tuples by NAME before computlng the cumul~.~ 

<,1 

tlve sums . 

'ft 
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BINARY OPERATOR 

1 

< <Iomain-expresslon > ::-

< domain-expression> < aM-COm-op > < domain-expression> L 

<domain-expression> < other-bln-op > < domain-expression> ! 

< domain-expression> < comp-op > < domaln-expre~lon > 
) 

<comp-op>::;" '<'!'>'!'<!="'>=='! '='1'- ==' 

Precedence'(s liven by the followlni table aloni wlth the rules: 

-operators or lower precedence ftrst 

--------...... 
-operators on a ctven Hne have same precedence 

-assoelatlvlty ls specUled 

left associative 'l' , &. 

non '< ' '>' # <.::=:::1- .. >== , . == =:' 

1eR • '+' , -, 

left ' .. 'r mod 
II 

rlcht • .... ~ 
\ 

non 

Examples: -
let TOT he ( Al + A2 ) • 7 / 10 + MID + FIN: 

let A be TOT > -= 85; 

let B he TOT >= 70 Sr. TOT <= 84; 

let C be TOT >= 55 Sr. TOT <-= 69; 

The marklni scheme 15: 35 ror the asslgnments, 15 ror the midterm and 50 ror 
<:::;,.. 

the tlnal. The result or TOT wlll be truncated ta the nearest lower Integer. Altbough truncatlon Ls 

avoldable. because It Ls not relevant ln thls case. tbls Issue has not been dealt wlth at thls tlme. 
1 
" A. B and C have been deflned 50 chat we can asslgn .grades according ta the tol-

lowini table: 

__ ~L-__________________________________________ _ 
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A 86 -100 
B 10- 84 

(~1 
C 66- eQ 
F 0- 64 

... 

J, 

1 é? 
TERNARY OPERA'TOR 

The slncle ternary operator provlded l.s: 

<domaln-expr~sslon> ,Ii, ::_ 

I:J 

(' 

1t <domain-expression> , 

then < domain-exPression> 

else < domain-expression> 

The oise clause May not be lert out. The' d~malns ln tbe thon. oise paru must 

have tho same type. The domaln expresslo~ ln the it part must bave type boolean. 
1/ 

let GRADE be if A thon .. A ~ 

else ilB'then "B" 

oise il C thon" C" 

olso "F"; , ,) 

GRADE would asslp to a student a ifade accordlnc to the table dven above. 

c' 

o 
l 1 

Il'-'' 

Il 

_ . 
• 
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FUNCTION APPLIED TO DOMAIN, 

New domalns can beoObtalned by applylng a functlon to existlng ones: 
0' 

<domaln-expresslon>::== <runctlon-name> T <domaln-exPreslilon> T 

<!Unctlon-name> "­.. -

~---

abs 1 cos 1 isknown 1 loglO Ilog2 

ln 1 sin 1 tan 

-

,) 

Most or them yleld a domaln or type real and. hence. are Dot Cully lmplemented. 
~l 

The ftrst ,one ln~e llst above, abs. glves the ramlllar absolu te value. The thlrd one, isknown. has 

type boolean. It allows to check whether a glven domaln talces on value dk. Let. us enter 

{) 

let KNOWN_GRADE he iaknown( GRADE); 

t.hIa domaln, be It aetuallzed, wlli take on value TRUE w~erev~r GRADE ~ dltferent from dk)C 
, 

FALSE everywhere else. 

It Is wortb polnting out that any domaln ~as been detlned ln terms or actual 
/fi; 

domalns, tbat ls. domalns already present ln the database llke Al and :MID, or constant domalna, 

IIke 86 and "A·, or prevloualy detlned dOmalns. 

The current lmplementatldn does not rully allow cyeUc doma1ns: tbat' la, a 

domaln redeftned ln r.erms or Itselr. That la, entJcrlnr: 

let Al be Al + Al; 
; 

would not\;~ause any syIltax or semantlc er~r, messages. However, It c~uld not be actuallzed in any 

relation. The next section will explaln why as weil as describe how and when vi~ual domalns are 
, 

actuallsed. A vlrtual do main May be the result or a sequence or vlrtual domaln detlnltloDS. At the 
r L:J' 

e.nd or the sequence. a virtual domaln must be extÎtessed ln terms or actual or constant domalns 

onIy. Wltb the rest~lon on cyeUe do mains Just mentloned, Ir. la easy ta see that any domaln 18 'J 
ù 0 

". ":.J 

the root or an expression t.ree where the'lèaves are the constant or actual <Îhmalrus or the operators. 
o 
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c) RELATIONAL ALGEBRA. 

Jus~ as new domalns can be expressed ln terms or a1ready detlned ones, ne" rela-

tllOns,! cao be descrlbed as the result or applytni zero or one op~ator. elther unary or bln,,", to al­

readyo deftned relations. The occurrence oC such a deflnltlon ls caIled a statement. The evaluat.lon 

mode allows us to distlniu\.sh between executable statement: Immediate evaluatlon, and vlew state-

ment: dererred evaIuatlon. 

<statement> ::= <executable-statement> 1 <vlew-statement> 

< executable-statement > ::=-
\ 'l' 

<ldentl1ler> '<-' <relatlonal-expresslon> 

<ldentl1ler> '<+' <relatlonal-expr~SSIO!l> 
) 

<Ident.ifier> '[' <domain-Hat> '<-' <domaln-llst.> 'J' 
. 

< relation al-expression > 

<ldent.lfter> '[' <domain-Hat> '<+' <domatn-l\.st.,> T 

<relatlônal-expresslon> 

Executable statements are charactertzed by an asshtnment slp: 

,1 

~ 1) 
t 2) 
( 3) 
( 4) 

direct 
Incrementai 
renamlne direct 
renamlne incrementaI 

( 1) 

( 2) 

( 3) 

The rules to bulld relatlonal expressions are pven herearter, startlnr wlth the no 
<.:::\ 

operator case. 
.., 

, 
1) NO OPERATORS --.' .. 

'(' <relatlonal-exPresslon> ,)i,p. <relatlonal-expres'Slon> ::=-

<Identifier> 
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Examples: 

~_~S<-OL~S; l 
«, t, ~ 

The name, here NEW_CLASS,lbeed noli be new. HaU' Iii been ln use then t.he 

, correspondini NEW_OL~S file would be overwr1tten. In no case ls the relation CLASS or t.he 

o 

correspond.1ni CLASS rue modlfted. Rather, they are copled under new names. 

Thls an example or direct asslitiment. We w11l see many otheI'8 herea!t.er. Three 
Cl) 

r other types or asslpment are ava1labl~: lnc~~Plental. renamlng direct aÎld renamlng incrementai. 
1 "". '0 

Examples are: 

CLASS ('5) 

GRADE_305,Jt [ STUID. GRADE_30S 
c 

<. STUID, GRADE] GRADE_305Jt; (6) 

[ STUDENT_ID, SECTION, TUlTION 

<+ STUID. SEC. FEES J CLASS; ( 1) 

CLASS been a new name, then thls would have been equlvalent ta a dIrect asslgnment. In any case, 

"the domains oC R ln R < + S must rorm a subset or the do mains or S. S 1s proJected over t.he 

domains or R, the resulto appended ta R and the dupllcatoe toupIes el1m1nated. For example, suppose 

OTHER_CLASS 

NAME STUID SEC FEES COURSE 
i 

bonnallle, andr~ 8234187 2 152 PL/li 
luclen. nlcolas 8423861 3 321 pasc~ 
bradY', Vlvtan 8230261 1 145 cobol 

The result or ( 5) 1s: 

-

Q 
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CL~S 

NAME STUID SEC FEES 
arrau. antonlna 8192214 1 155 
berard, paulette 8314201 3 233 
bonnallle, andre 8234187 :r 152 
brady, vJvlan 8230261 1 145 
chr1stos, marllou 8215201 2 322 
proux, !Ùlne 8314626 1 112 
hart, terry , 8317112 1 378 
Jones, raymond 8215174- 2 163-: 

,--> - klnc, tam 8328521 
~ 

244' 
lamontagne, paul 7913205 288 
luclen, nlcolas 8423861 3 321 
rivet, maurlce 8214512 3 36<i 

Observe: the attrlbute COURSE bas been ellmlnated as weil as the dupllcate tu-

pie: 

brady, vlvlan 8230267 1 H~ 

In the renamlng direct asslgnment two domaln ll.sts are speclfted. A! for the JOln, 

not yet deacribed ln thls section, both lIsts must bave the same lenith and the domalns muat be 
~f~ 

., 

compatible. It 18 notewortby that ( 6.) could have been uaed to rename GRADE Instead or uslng the 
----- -- --------- ------- - ~ - - - ---- -----~-------~--- -~~--~ 

domaln algebra. 

The renamlng Incrementai asslmment combines the t,wo prevloWl. ~The relation 

CLASS I.s first proJected on STUID, SEC and FEES, these belng renamed as Indlcated ln (7). 

Depèhdlng on whether BIG_CLASS 1s new or not, then a direct or Incrementai ~Ignment l.s per-

tormed. J 

Il) UNARY OPERATORS 

<relatlonal-expreaslon> ::= 

<proJect--clauae> <where-clause> in <relatlonal-expresslon> 
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< preje.ct-clause > .~ 1 ::- '[' <domaln-oPtlon> 'l' E ( 8) 

<where-clause> ::= where <domain-exPression> 1 é 

<domaln-optlon> ::= <domaln-llst> 1 E 

, , 
'Let. R be the relatlonal expression. We cali ( 8) the proJect operator and ( 9) the 

select operator. Between the square brackets, T and 'J', ts a P~lblY empty llst or domaln 

names (as opposed to domaln expressions) GIn whlch R I.s deOned or whleh are actuaUz-able ln R. 

" 
ClearlY, a domaln, say D, I.s actuallzable ln R Ir the leaves of the expression tree rooted at D are el-

tber constant domalns or domalll5 on whlch R Is deOned. ProJeet I.s tantamount to 5trlppln~ ofli the 
1 

non mentloned domalns and ellmJnatln, the dupllcate tuples that this could have.~~erated. A null 

emptY relation lB obtalned when the llst lB emPty. The domaln expression, say D, aCter where 

must be boolean and actuallzable ln R. Only the tuples evaltl,atln~ to true tor D partlclpate ln the 

result. Remember tha~ MARKS_420 contalns the followlng tuples: 
~-' 

NAME 
-------1i-v.et, ,m&nn{'~ ~~~2 3 18 

berard, paulette 8314201 3 23 
Joncs. raymond 8215174 2 13 
brady, vlvlan 8230261 1 11 
Idroux, allne 8314626 1 20 

21 
21 
17 
17 
16 

hart" terry 8317112 1 12 Il 11 
arrau. antonina 8192214 1 18 20 

ldni, tam 8328521- 3 11 22 
chrl.stos. marilou 8215201 2 13 10 
lamontagne, paul 1913295 2 20 20 

and that Wc de1lned the Collowlng domalns: 

- .::.. 

1 ,1 

.;':) 

Û 

" 

l' 

9 41 
11 40 

1 30 
,~, 

8 44 .-..:, ... 
12 46 

8 25 
9 42 

12 36 
11 38 

11 43 

l' 'Ï 
cl 

1 

6 

l' 
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let TOT he CAl + A.2 ) * 7 / 10 + MID + FIN; 

let A he TOT >- 86; 

let B he TOT > - 70 Sc. TOT < =- 84; 
~ . 

let C be TOT >= 55 Sc. TOT <- 69; 

\ 
let GRADE be lt A then .. A" 

else ir B then "B" 

else if C thcn .. C" 

else "F"; 

Wc deftne a new relation. GRADE_420_R. thus: 

):1 
GRADE_420..R <- [NAME. TOT, GRADE) ln MARKS_420: 

~ 

We can Invoke prl ta dlsplay the result 

GRADE_420...,.R 

NAME TOT GRADE 

arrau, antonlna 77 B 
.' . berard, paulette 81 A 

bradY, vivi an 71 B 
cbrlstos, marilou 71 B , 

t'83 lirowc, allne A 
hart. terry 49 F 
Jones. raymond 58 C ~ '-- \ 

kln,. tam 15 B 
lamontaiIle, paul 82 A ,', 
r1Xet. maurlce 15 B 

~-

-~ 

Observe that the domaln:! A, B and C. althouih actuallzed ln order ta evaluate 

GRADE, do not appear ln th?, result slnce they were n~t mentloned ln the do main lIst whlch 

deflned GRADE 420.:JC Indeed, uslng vlrtual domalns, for example ln the domaln l1st or a proJect, , -
ls a way ta cause thelr actuaUzatlon. However. a domaln already present ln a relation ls not 

reevaluated. even, if tt;d~q,ned through a let statement. ThIs Ls why 'wc mcntloned ln the prcvlo~ 
.\ ~}t~. 

section that cycllclty 1s not supported. 

Slmllarly, conslder: 

'Ii 
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GLASS 

NAME STUID 

arrau, antonina 8192214 
berard, paulette 8314201 
brady, vlvlan 8230267 
chr1stos, marilou 8215291 

ltiroux, allne 8314626 
hart, terry 8317112 
Jones, raymond 8215174 
klni, tam 8328521 
lamontaiDe, paul 7~13295 

rivet) maurlce 8214512 

let CLASSYEES be red + of FEES; 

let SECyEES be equiv + of FEES by ,SEC; 

CLASSyEES..R <- [CLASSYEES 1 in CLASS; 

SECj'EES...R <- [ SEC, ~ECj'EES ) in CLASS; 

SEC FEES 

1 156 
3 233 

1 145 
2 322 
1 112 

'l; 378 
2 163 
3 244 r 

2 288 
3 364 

. , 

SECYEES...R 

CLASSYEES 
and 

2404 

SEC SECYEES 

1 
2 
3 

790 
773 
841 

DEPi' 

NAME YEAR CRED 
brady, vlvlan 1984 13 

. brady, vlvlan 1085 15 
Jones, raymond 1083 16 
Jones, raymond 1084 15 
Jones, raymond 1085 16 
rivet, mlcbel 1082 15 
rivet, mlchel 1083 12 

let CUM.-CREP..N be par + of CRED arder YEAR by NAME; 

) . 

• 
.' 

", 

1 

" 
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DEPT_1 

NAME YEAR CRED CUM=CRED=N 
brady, vlvlan 1QS4 13 

) 13 
1 brady, vlvlan lQS5 15 / 28 

Jones, raymond lQS3 16 16 
Jones, raymond 1QS4 15 31 
Jones, raymond lQS5 16 47 
rivet, mlchel 1QS2 15 15 
rivet, michel lQS3 12 21 
rivet, mlchel lQS4 14 41 

The rollowlng lllustrates the select operator. 

, 
GOOD <- where TOT >= 75 ln GRADE_-t20_R; 

. .. 

'.' 

NAME 

arrau, antonlna 
berard, paulette 
giroux, allne 
king, t~m 
lamontagne, paul 
rivet, mauÏ1èè-. 

":., 

'. \ 

" , 

\ ) 
--~ 

GOOD 

TOT GRADE 
77 B 
81 A 
83 A 
75 B 
82 A 
15 B 

oc 

. 
-: 

: 
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W) BINARY OPERATORS 

The ,unary operatOrs depléted above generally trlm down a relation horizontaUy 

~t) or vertlcally (proJect) or both. On the other hand, relations can be bullt up uslng Join: that 

1s, the result may be deflned on more domains or contain more tuples or both. 

~: 

<rehiflQnal-expresslon> ::= 

< relatlonal-expresslon > 
\ 

t' 
, " '[' <dc;>maln-optlon>, < joln-op > <d~Ulaln-oPtion> ']' 

Cl 

<JOtn-op> 

< mu-Joln-op > 

<51,ma-Joln-op> 

The foUowlnlt rules apply: \ 

< relatlonal-expresslon > 

::= <mu-joIn-op> 1 <slgma-joln-op> 

::= lj01n , natjoin 1 ujoin , ejoïn 

, ' 
Ijoin , rjoin 1 drjoin 1 djoïn 

dljoin 

::= < baslc-sigma-joln-op > 

" < negatlon > < baslc-slgmSt-joln-op > 

tcomp 1 natcomp 

::= \ eqjoin Iltjoin Ilejoin 1 eub 

gtjoin 1 gejoin , 8Up , div 

sep Ilejoin , 
.' 

" 

-the do main llsts must have the same number of elements and, hence, they may 

be both empty: 

-domalns at the same position ln both lIsts must be joln-compatlble, that Is, have 

the same type (boolean, lnteger or string); moreover, if they are of type string, 

they must have the same length; 

-Ir the llsts are empty, the loin ls performed on aU the domalns common to both 

relatIon al expressions: 
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o -il there 15 no common domaln special cases are consldered (Cor example. an ijoin 

wouId result ln a carteslan product). 

The q-Jotn ls Dot Implemented rurther than the parslng phase. In our examples. 

we will use ijoin. the intersection or Datural Jeln. and dljoin. the leet dltrerence Joln. 

CODslder the relation MARKS_305 to be deftned on the same dO,~alDS as 
" 

MARKS_420 and thae actuallzlng GRADE ln the Cormer y~elds GRADE_305_R. 

GRADE_305_R 
, 
• 

NAME STUID GRADE 

arrau. antonlna 8192214 B 
berard. paulette 8314201 C 
brady. vivi an 8230267 B . 
ilrowc. allne 8314626 C 
Idng. tam 8328521 F 
lamontagne. paul 7913295 A 
rivet. maurlce 8214512 B ,,", 

We wane to JoIn on STUID to obtaln the marks oC the students who completed 

both courses. BeCore dolng 50. wc must rename GRADE slnce a domaln name can appear only once 

ln a r&iatlon. HeDce, 

let GRADE_305 be GRADE; 

let GRADE_420 be GRADE; " . 
.... ~' 

( [NAME. STUID, GRADE_420] in GtiAoE_420_R) 

[ STUID ijoin STUID ] 

would produce 

o 



• 
GRADE_305_420 

NAME STUID GRADE_420 GRADE 305 

urau, antonlna 8192214 B B 
berard, paulette 8314201 A C 
brady. vivi an 8230261 B B 
liroux, aUne 8314626 A C 

kin", tam 8328521 B F 
lamontagne. paul 1913295 A A 
rlvet. maurlce 8214512 B B 

whereas 

produces 

[N~~UID]in 
( GRADEJ420-.R [ STUID dijoin STUID] GRADE_3051); 

~ . 
\.-...~l -----

NAME STUID 
chrlstos, marUou 8215291 
hart. terr,y 8311112 
Jones. raymond 8215114 

Nor.lce that. uslng vlrtual domalns ln the domaln llsts ot a Joln 1s another way to 

lnduce tbelr actuallzatlon . 

• 
-
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VIEWSTA~NT 

The asslgnment ii;tatements pr~ented above are said to be executable because, 

when entered, they trlgger an Immediate evalUâtÎon o( the relatlonal exp!esslon. Nevertheless, It 15 

,:7' 
possible to enter such expressions wlt~erred evaluatlon. Th~ Is called vlew deftnltlon and bas 

A th4! ronn 

.'. 
<vlew-statement> ::= <ldentUler> 

( initial <relatlonal-expresslon> 1 e) 

'. 
is < relatlonal-expresslon > 

For a glven relatlonal expression, relix generates almo5t the !lame Intermedlate 

code whetber the statement ln whlch It occurs Is executable or not.' When It ~ a vlew, th~ Inter-

preter refrains from executlng the code (see chapters VI and Vil). The code (or vlews ts kept ln the 

code anay (or further use. Notice that vlew detlnltions are lost between rellx sessions and that. dur-

ing a glven session the code Is evalu;1ted each tlme the evaluatlon process 15 trlggered. 

The deferred evaluatlon mechanlsm Is partlcularly handy when the user wants to 

detlne relations ln terms of each other. Suppose that Rand Sare existlng relations and that T and 

U must be detlned as 

T is R [ ujoin J U; 

U is T [ ujoin J S; 

had we entered '<-' Instead of Is, a run Ume error would bave occurred when the evaluatlon or the 

ftl'5t statement was attempted, slnee U was then still undetlned'. 
~ 

As mentloned in cbapter II, computlng the transitive closure or a graph Is anoth-
'1 

" 

er problem whlch can be solved uslng vlews. Recall that PARENT 18 a relation deftned on 

SENIOR and JUNIOR whlch are domalns, or type string and length 18. Let 

-edward IV ellzabeth oC york - be a tuple or PARENT to Indlcate that edward N 1.5 a parent 

or ellzabeth oC york. 



li 
t 

C 
PARENT 

it 
SENIOR JUNIOR 
edwud IV ellzabet.h oC york 
ellzabeth oC york henry vm 
eUaabeth oC york margaret. 
henry VU henry vm 
henry VU margaret -henry vm edward VI 
henry vm ellzabet.h 1 
henry vm mary 1 
Jam~ IV stewart James V stewart 
JameS V stewart mary stewart 
Margaret. James V stewart. 

..... 

In order to ftnd for any t.wo persons whet.her one Is a descendant. of the ot.her, we 

compute the transitive closure oC PARENT and caU the result ANCESTOR. We have the Collow­

.. de1lnltlons: 
'",,< 

re~&tlon ANCESTOR ( SENIOR, JUNIOR): 

let SRI be SENIOR; 

let JRI be JUNIOR; 

TOR: 

\. 

Here are two ways, amons many, ln whlch we can use relix ta compute ANCES-

ANCESTOR la PARENT [ ujoÎn ] [SENIOR, JUNIOR] in ( 

([ SENIOR, JRI) ln ANCESTOR) 

[JRI ijoin SRI) «( SRI, JUNIOR) in ANCESTOR»; 

ANCESTOR initial PARENT 

la ANCESTOR' ( ujoin ] ( SENIOR, JUNIOR] ln ( 

([ SENIOR, JRI) in ANCESTOR) 

,,. [JRI ijoin SRI] ([ SRI. JUNIOR] in ANCESTOR»; 

Notice the declaratlon oC ANCESTOR as belng detlned on SENIOR and 

JUNIOR. ThJ.& Is mandatory Cor recurslvely deflned relations because ~he attrtbutes oC such a vlew 

cao Dot be determtned by the parser. Tl1at 15. It wou Id be assumed that the vlew ls attrlbuteless. 

" 



-------------------------------

o Î 

• 
An alternative la ta use the initial option as lllustrated by the second example. This option In~lves 

only bMe relations. The correspondln~ relatlonal expression would be evaluat.ed and produce a. po&-

slbly empty. llst oC attrlbut.es when the Interpreter needs to know the attrlbutes on whlch the vlew 

la deftned. We stress tbat It ls not an error ta use attrlbutelew relations, M-Ioni as all the other 

rules are Collowed. 

\' 
The code conespondlni ta the relatlonal expresston Introduced by the ktlyword 

inltialls executed only once by the lnterpreter whenever the vlew has ta be evaluated. 

To trliler t.he evaluatlon oC.a vlew llke ANCESTOR. one has only ta use If, ln a , 
11 

relatlonal expression wlthln an executable statement. or enter 

prll ANCESTOR 

We show &laln the contents oC ANCESTOR alter '-ta evaluat.lon. 

c 

.,... 

, , 
) 

1 II. 

, --

1 

•• 
) 
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~J 

ANCESTOR 

SENIOR JUNIOR 

edward IV edward VI 
edward IV ellzabeth 1 
edward IV ellzabeth of york 
ed~IV henry VIn 

o edward IV James V stewart 
edward IV rnaiiaret 
edward IV maryI 
edward IV marystewart 

1 • 
ellsabeth of york edward VI 
ellzabeth oC york ellzabeth 1 
ellsabeth or york henry VIn ~'i) 

el1zabeth oC york James V stewart 
el1zabeth oC york m&riaret 

~ 
1) el1zabeth or york maryI 

el~abeth oC york mary stewart 
heDl')" VU edward VI' 
heDl')" VU ellzabeth 1 
heDl')" VU henry VIn. 
heDl')" VU James V stewart 
heDl')" VU Dl&l'iaret 
henry VU maryI 
henry VU mary stewart 
heDl')" VIII edward VI 

"W"i l 
henry VIII ellzabeth 1 
henry vm maryI 
James IV stewart James V stewart . , 
James IV stewart mary stewart 

<f.'l James Vàtewart , mary stewart 

f' 
marcaret. James V stewart 
marcaret. mary stewart 

~, 

,. 

" 

, , 

.', 
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chapter IV 

IMPLEMENTATION OF reUx 

ReUx ls Interatttlve Ip that It accepta "and executes one statement at 'a tlme. It 

comprises two main modules: a parser, generated by a UNJX program called yacc [JOHN15~ per-

rorma type checklng on the statement and Kenerat~ sorne Intermedlate code; an Interpreter exe-
, 

cutes thls code'. Relix Internais can be dlvlded between the data dlctlonary and the Internal 

storaKe Cor relations. An overvlew oC the system lB prësented on the next two pqes. Each module lB 

explained ln the forthcomlni pages. This chapter comprises the followloK sections: 

,0 

a) System Overvlew 
b} Data Dlctlonary 
c) Relation Storare 
d) Sortlnr 
e) P&rSer f, Code Generator 
C) Interpretet~ 
1) ProKfammer· s manuaI 

.: 

" 

.. 

" 

" 

t 

r' l' 
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a) SYSTEM OVERVIEW 
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SYMBOLIC CONSTANTS 

The tollowln.r symbollc constants are Ipsed: 

nam, 
NULL 

.... FALSE 

value 
o 

li ' 

--

TRUE 
NEGATIVE 
MAX....REL ' 
MAXJ)OM 

MAXJD 
BOOLJ,.EN 
INTGJ,.EN 
REAL...LEN 
STRGJ,.EN 
BUFFER_SIZE 
MAXINT 

o 
1 

-1 
40 
10 
20 

maximum number oC relations ln SCHOOL 
maximum number oC domalns ln SCHOOL 
maximum leng~h oC an Identifier 

1 

11 
12 
<40 

wldth oC a boolean domaIn ln bytes 
same Cor an Integer domaln 
same Cor a real domaIn ,\ " 
maximum wldth oC a stting domaln" 
slze oC Input butIer ln by~es 
bl~gest Integer available on Masscomp 
same Cor the Cadmus 

DT..BOOLEAN 
DTJNTEGER 
DT,JŒAi' 
DT_STRING 

512 
2147t83641 
2147t181Il 

257 
258 
259 
260 

boolean domaIn 
Integer domaln 
real domain 
strln~ domaln 

The last tour are mnemonlcs the value oC wh,lch ls set by yacc. We' use strlng as 
. 0 

an abbrevlatlon tOI' sequence oC ASCn characters. 
\ 

o 

FILESXSTEM 

Let us present some conSiderations about names whlch are used to Identlty 

domalns, relations, databases etc. 0 

A name'°ls a character string beginnlng wlth a ~etter and comprlslng only letters. 

dl;1ts or underscores; unleM otherw1se speclfied. letters May be lower case or upper case. 

Due to UND( llmltatlons. database names must be no longer than Courteen bytes; 

relation names must be unique ln the ftrst Courteen bytes. Otherwlse, names may comprise as Many 

u twenty characters. A database 1s a dlreC'tory contalnlng two types oC file. 

The flrst type 1s the flle assoclated wlth any relation. For example. to a relation 

named abcdel234567S90 corresponds the flle abcde1234567S9. Aiain. the name has been truncated 

--------_.<._--

, . 



to lts fourteen ftrst bytes; however. reUx records the full name and would not undersf.and MY ab-

• brevlatlon. It la noteworthy that even the system relations: DOM. REL and RD are treated the 

same way as any other relation. They are descrlbed hereaf't.er. 

The second type haa a slnile occurrence per database. It 1a--ceJled TRACE and 

contalns user entered statements as well as meSS8ies Issued by reli.x. mostly about errors and thelr 

severity. Thla tUe can be used for Many purposes: It a110ws us to prlnt a relation wlth sorne edltlni; 

\ It produces a trace of a work session and suppUes enouih documentation to report on any unexpeet-
\ 

ed Dawa ln reli%. --
50. to the database SCHOOL corresponds a UNIX dlrectory wlth the aame name. 

This directory contalns the fUes: DOM. REL. RD. TRACE plus one file for eacb relation ln tbe da.-

tabase. Hence. relations ln dUlerent databases can share a ,lven rfame wltbout lnterferlnl wltb eacb 

other. 

• 
o 

.. 

" 
1 • ," 

• 
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b) DATA DICTIONARY 

name type ~ize 

dom_table array or records MAXJ)OM 

[/ .. ~*MAX....DOM 

DOM..TABLE 

Intormatlon about dotnalns 15 kept ln the array dom_table. Each element or thls 

array 1s a record comprlsing the Collowlng flelds: 

name type 

name string 

JenKth Integer 

actual 

t,ype .. 

9pndl,opnd2 .. 

operator --: .. 

user deflned Identifier, say D 

width or I?Jn bytes 

flai lndlcatlng whether D 
ls vlrt.ual or not. 

Olle or DT..,BOOLEAN, DT_INTEGER, 
D'T..,.REAL or DT_STRING 

indexes oC domalns in terms oC 
whlch ls deflned a vlrtual 
domaln, say VD 

code or operatar ta 
be applled ta operands 
when evaluat.lng VD 

determlne the equlvaIence 
classes ta evaluat.e VD 

o 
determlne the orderlng or 
tuples ta evaluate VD. 

The relation DOM ls deflned on the attrlbutes name. length and type. Ooly 

theae, trom dOOl.-table, are stored ln DOM. The tuples oC DOM correspond to the domains or 

SCHOOL that have been used by at. leMt one relation at. one point. It ls lert to the user ta ellm~ q 

lnate th05e whlch are not used &DY more (see system command dd!) .. 
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The arrays bYJut and orderJlst have variable slze. The nrst ent.ry contalns the 

number or other entrles. 

The main operations detlned on dOrD.-table are: 

read_dom_tableO 
action: tm dom_table rrom the flle DOM 
return: TROO ur no problems to read ln POM 

" wrlte_do~_tableO 
action: write dom_table to the me DOM 
retum: TROO ur no problems to wrlte out DOM 

show _dom_tableO 
action: dlsplay dom_table on the screen 

search_dom_table( NAME) 
input: NAME 

~type: string 
retum: index or domaln N.AlVfE. NEGATIVE Ir not round 

Insert_dom_t-able( NAME) 
input: NAME 
type: string 
action: Insert the do main NA1vfE ln the first 

empty location or dom_table 
-lnltlallze all other en tries to derault values 

return: Index or entry where NAME has been lnserted 
NEGATIVE Ir dom_table 18 rull 

dom_table_delete( D) 
input: D 
type: in te ger 
action: fiag dom~ln D as deleted 

(name starting wlth null byte) 

Information from dom_table ls obtalned through runctlon calls. These Cunctlons 

take as.argument an Index, say D, ln dom_table and return an Integer unle~ otherwlse specltled. 

Is_deleted_dom( D) 
retum: TRUE ur D has been deleted 

IsJntermedlate_dom( D) 
retum: TROO lfl D name starts wlth a digit 

.~~ \,' 
, 

u 
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!SJelal_dom( D) 
ret.um: TRUE ur 0 ls a vaUd Index ln dom_t.able 

(It. ls vaUd lt positive and smaller than 
t.he numb~r oC domairulln dom_table) 

le':'constant._dom( D) 
ret.um: TRUE ur D ls const.ant. 

dom..name( D) 
ret.urn: name oC 0 
t.ype: 15tring 

domJenlth( D) 
return: length oC 0 

ù 

", 
dom_actual( D) 

ret.urn: TRUE ur 0 ls not virtual 

dom_t.ype( 0) 
ret.urn: tYpe oC D 

dom_opndl( D) 
return: Index oC tlrst. operand oC D 

dom_opnd2( D)' 
retum: Index oC second operand oC 0 

dom_operawr( D) 
ret.um: numeric value oC operator oC D 

dôm~by_llst( D) 
ret.urn: 1ll5t oC domalns ln t.he by 115t oC D 
type: array oC lntegers 

dom_order_lll5t( D) 

----------ret.um: llst oC domalns ln the order Ust oC D 
type: array oC lntegers 

1 

_ Entrles ln dom_table can be mod11led through procedure calIs. One of thelr argu-

mentl5 ls an Index..! say D, ln dom_table. Unless otherwlse specUled t.helr second argument, NEW, ls 

an Integer. They return no yaIues. 

-' 

~\ ' 
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change_Iength( D, NEW) 
change_actual( D, NEW) 
change_type( D, NEW) 
ehange_opndl( D, NEW) 
ehange_opnd2( D, NEW) 
ehange_operator( D, NEW) 

action: as lndlcated by the name, replace by NEW 
length or D (respectlvely aetual, type, 
opndl,opnd2 or operator) 

cbange_domname( D, NEW) 
string type: 

action: replace name or D by NEW 

change_byJlst( D. NEW) 
type: llnked llst or lntegers 
action: replace by _llst or D by NEW 

change_orderJlst( D, NEW) 
type: llnked Ust or Integers 
act.lon: replace orderJlst or D by NEW 

-«~ 

() 

é) 

o 

tJ 
o 



c Information about relations Is kept ln the array rel_table. Each element or this 

array la a record comprislnlt the followln~ fields: 

name ,91pe 

name strIng user deflned Identifier, say R 

'u 

." 
tuple_slze lntelter number of bytes maklng up 

a tuple of R .~ :), 

-ntuples number of tuples currently ln R 

start .. base address of code to 
evaluate a vlew 

domllst llst of Inuiers domains on whlch a relation 
\s deflned 

sI~llai .. do mains on whlch a relation 
\s sorted 

. detlnecLon .. relations on whlch a vlew 
115 deflned 

defines relations defined by a vlew 

~ 

The relation REL \s deflned on the aT.tributes name, tuple_slze and ntuples. Only 

• Q 

these, from rel_table. are saved ln REL. Note that domllst and sortllst are saved, ln normallzed 

rorm, ln RD (see turther). The operations defined on these lInked lIsts (domllst, sortUst, defined_on 

and dennes) are detalled ln section e. The main operations defined on rel_table are: 

readJC l_tableO 
action: flll reCtable from the file REL 
retum: TRUE ur no problems to read ln REL 

wrlteJel_tableO 
action: wrlte rel_table to the rue REL 
retum: TRUE lfJ no problems to cwrlte out REL 

show Jel_tableO 
action: display rel_table on the screen 



• 

Î 

, 
\ 

o 

-87-

search_rel_table( NA1vŒ) 
'f.\nput: NAME 

type: string 
return: Index of relation NAlvŒ, NEGATIVE lC not round 

. preftx-flearch_rel_table( NA.'\1E) 
input: NAME 
type: string 
return: Index of ftrst entry such that Its name has 

NAME as prefix, NEGATIVE If no such ent.ry 

1nsertJel_table( NAME} 
input: NAME 
type: string 
action: lnsert the relation NA1vŒ ln the 

first empty location of rel_table 
-inltlallze all other entrles to derault values 

return: lndex or entry where NAME has 
been Inserted, NEGATIVE tr rel_table ls full 

rel_table_delete( R} 
input: R 
type: lnteger 
action: fiag R as deleted (name startlng wlth null byte) 

remove the correspondlng flle 

Information from rel_table '" obtalned through CUnctloQ cal"'. These Cunctlons 

take as argument an lndex. say R, ln rel_table and return an lntelter unless otherwlse speclfled. Sec-

tion d, on sortlng, presents a discussion of allas relation (name beglnnlDIt wlth • $'). 

ls_deleted_rel( R} 
return: TRUE UI R has been deleted 

ls_tempJel( R} 
return: TRUE IfI R 15 a temporal')' relation 

(lts Dame begin5 wlth • $' or • ml.. ') 

lsJegal_rel( R) 
return: TRUE UI R 15 a vaUd index ln rel_table~ 

(il. ls,valld tr positive and smaller than 
the Dumber of relation!! ln rel_table) 

ls_a_vlew( R) 
return: TRUE If! R st art Is not NEGATIVE 

ls_allasJel( R) , 
return: TRUE If! R Dame beglns wlth • $ • 

j 

,. 

" 

• -.). p 

, 
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reljlame( R) " 

return: Dame or R 
type: striDi 

rel_tupIe..slze( R) 
retum: slze or a tuple or R 

reljltuples( R) 
retum: Dumber or tuples ln R 

rel_arIty( R) 
Jreturn: Dumber or domalns OD whlch R ls detlned 

relJOrted( R) 
ret.urn: Dumber or domalns on whlch R ls sorted , ' 

r" 
rel,.stm( R) 

ret.urn: base address or code to evaluate the view R 

reLdomllst( R) 
retum: llst or domaIM on whleh R ls deftned 
type: llnked llst or lntesers 

reiJOrtI~t( R) 
ret.um: Ilst or domalns on whlch R Is sorted 
t.ype: llnked llst. or Integers 

rel_deftnes( R) 
retum: llst or relations deflned by vlew R 
type: lInked llst or lntesers 

rel ... dellned_on( R) 
ret.um: lIet or relatloll.5 on whlch vlew R la deflned 
type: lInked llst or lntesers 

Entrles ln rel_table can b~ moditled throuih procedure caUs. One or thelr aI1tU-

• • 
meDts 15 an lndex, say R, ln rel_table. Unless otherwlse specilled the second ~ment, NEW, 1s an 

lnteger. They retum DO valu~. 

type: 
actIon: 

strlni 
replace name or R by NEW 

chanic_tuple.-slze( R, NEW) 
chaniejltupIes( R. NEW) 
chan~e_start( R. NEW) 

action: replace by NEW cuple slze or R 
(respectlvelY utuples and start) 
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chance_domllst( R. NEW) 
chance_sortUst( R, NEW) 
chance_deflnes( R. NEW) 
chance_detlned_on( R. NEW) 

type: Ilnked Ust of lntecers 
action: replace.Jloml~ of R by.NEW . 

(respectlvely sortllat. deftnes or deftned_on) 

1 

o 

o 

o 

" 

• ~ .. 1 

~ 
" . .. . , 
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The remalnlnc links between domains and relations are round ln rd_table. To 

each domaln used ln a relation and eaeh relation ln whlch that domaln 1s lISed correSponds an entry 

wtth the rollowlnc ftelds:, 

nClme 
COUDt 

dom.,.pos 

type 
Inteler number or dUlerent values or a domain 

. -

/' ln a rela~lon 

Index oC ~t byte or a domaln 
ln a relation . 

pOSition or domaIn ln sortllsc 

The relation RD l.s ~eflned on the Collowlnc attribute~: r~latlon and domaIn name, 

count, dom..POe and sort,J'&tlk. We just saw tbat to a clven relation 15 'aSsoclat.ed a domlist (respec-
o. ' 

tlvelY IIOrtllst) stored ln rel_table. At the bednnlng or a session we bulld domllst (respectlve}Y sort-

llst) rtom dom.J)OS (respectlvely 5Oft_rank) 'ln RD. SymmetrlcaUy,' at. the end oC tbe session we 

convert tbe Intormaclon ln domllst to a set or normaliled tuples oC RD. The main operations 

deftned on ~table are: 

readJd_tableO " 

action: lUI 'rd_table from the fUe RI) 

return: TRUE ur no problems .0 read ln :an. 

wrIte~_tableO 
action: wrIte r~table to the ftle RD 
return: TRUE UI no problems to wrlte out RD' 

show Jd_tableO 
action: dIsplay rd_tablé on the screen 

Information !rom rd_table 1s obtalned throuP CUnctlon caUs. These Cunctlons 

. , ' 

talce as arcument two Indices, say R and D, in rd_table and return an In,te~er. 
(" 

rcLcount( R, D) 
return: number or dUreient values taken 

by domaln 0 ln relation R 



o 
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rd....doll1J)OS( R. D) _, 
return.: index or ftrst byte or domll.1n D ln relation R 

t' 

nLsort_rank( R, D) 
return: position ot domaln ln soriUst 

"l 
Entrles ln r<.Ltable ~an be modlfted throuKh procedure calls. Two or thelr arcu-

ments are indices. R and D. In rd_table. The thlrd &riUment. NEW, la an InteKer. They retum no 
. " 

values. 

chan le_cou nt( R. D. NEW) 
chanKe_dolD.-P08( R, D, NEW) 
çhanleJQr1I..rank( R. D. NEW) 

action: replace count ( respectlvely dom-POS. 
sort...,rank) oC P ln R by.NEW 

, . 
, '. 

' . 
.. 
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c) RELATION STORAGE 

Relations ~I.tared on disk as pure character strings. At start up tlme, memory 
" ' 

la setoasld~ ta store relations. System calls are Issued ta obtaln num"pa~es oC page_~lze consecutive 

bytes. Tbese parameters May be chaneed by tbe user (see user's manual). Suppose they ha.ve been 

chanied ta 10 and 1024 respectlvely. To eacb eroup oC page..size consecutive bytes corresponds a 
o 

record, called page and deDned below. DRellx uses,' aside Crom the global variables num..J>ages and 

Pale...size, the rollowlnK data structures ln order ta manage the internai storage Cor relations (ln-

( -
dentlng la used to Indicate the fields oC a record); 

nome type 

Crozen array oC booleans MAX..,ltEL' 

Eacb entry indlcates whetber tbe correspondlne relation ls an ~perand or the rela-

tldDai operation currently executed. Typlcally. operands and results must be Crozen 50 8.!! ta avold 

tbe preemption oC tbe Pales tbey occupy ln memory. 

paie 
ba.se 
relJndex 
Dext 

array oC records 
pointer 
InteKer 

" 

num..pages 

Q To each pbyslcal memory< page corresponds a paie record. BaSe la polntlne to 

tbe Drst byte oC the (pbyslcal) page. ReUndex la the Index ln rel_table oC the relation stored in 

(1/ '., . ilds paie, IC any. Next la tbe index oC the next page used ta store otber tuples or ~be same relation, 

lC need be. 

lèrel 
page_index 

'feUDdex 
o1Jset 
tuplesJler "page 

" v 

array oC ~ecords num..pages 
array oC lnte,ers Dum..pages 

Inteeer 

l, 

A relation, say R. May occupy many page~ ln memory. A record named Icrel (in 

core rdatlon) Is used to group those pages. Each non-negatlve entry oC page_Index con tains tbe ln-

- , 
dex oC one or the PRees used ta store R. The Index oC R ln rel table 18 contalned ln rel Index. Offset 

~ '" --

" 

-, _________ ..lII .. _~ __________________ _ 
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lndlcates how many bytes separat.e t.he be&lnnlni or t.~o consecut.lve t.uples ln a sarnc pa&e. The 

number oC t.uples oC R that can tlt ln a sln&le page 1s 11ven by tuples..per..P8Ie. 

lI-rray or Integers MAX.-REL 

Each entry Indlcat.es whether the correspondln, rel~t1on Is presently ln memory. 

Ir 50. It also lndlcates ln whlch Icre!. 

Cree_queue 
Cront 
last 

record 
Integer 

, 
./ 

" ' The Cree pages are kept ln a llnked 118t. The next tleld or the pages constltutes 

t.he llnk. Front contalns the lndex oC tbe tlrst page ln the queue. Last con tains the index oC the lut 

one. 

" 

tlnt_used_queue 
Cront 
last 
queue 

, < 

record 
Inteler index oC Cront ceU 
Integer Index or cell acter rear 

anay oC Integers 

A queue, called tlrst_used~queue, 1s also used to keep track oC pages that currently contaln relations 

" 
or have not. yet been returned ta Cree_queue. However, thelr next field Is alrendy used ta complete 

the related lerel. Henee, "tbe queue Is Implemented as a elreular one. ln other wordll, we merely 

store thf' Indexes or the pages ln use on a least reeently cltlmed basLs. Note that. IMt Is polntln, 

one eeU aCter the actual rear one 50 aS to easlly dlstlngulsh between an empty queue an~i:.~.11 ont!. 

Hence, the queue must have room Cor an extra entry and addition III done modulo num..p~, typl-

cal Ceatures oC clrcular queues. On rrozen, t.bree operations are deftned ( R Is the Index oC a rela-

tion): 

.. !reeze( R) 
action: set Crozen[ RJ ta TRUE 

.. 
unrreeze( R) 

action: set rrozen( RI to F ALSE 

Is.)'rozen( R) 
ret.urn: TRUE lIT rrozen[ RI 1s set ta TRUE 

/ <{ 
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For ell;jCb relation R. IcrelJorftl[ R] May be ln eltber oC two sta~s: , 

NEGATIVE ur R la not presently ln memory 

positive. that 15. the index or the Icrel contalnlng R. 

On an Icrel the operations are ( R 18 an Index ln reCtable. 1 an 'lcrel number; otb-

tr argument wben needed la also an Inte~~ 

-- -,"" 

lcrelJlne( 1. l) 
return: pointer ta tuple number 1 oC relation ln Icrel 1 

lcrel..:!aet( R, slze) 
action: . get tbe pages needed ror as Many tuples DB ln R. 

each comprudni size bytes; 
Index of ftrst Pllie, say ICREL, 18 the lcrel number 

-set Icrel! ICREL]. offset ta slze 

-set lcrel! ICREL]. tuples..:,per-page 
to page..slze / offset 

-set Icrel! ICREL]. page_Index entrles 
to page indexe:! 

-l1nk the pages together 

return: ICREL 

IcrelJree( R, 1) 
action: set all entrles of lcrel 1 

and those oC eorrespondlng pages to NEGATIVE -

Icrel_OU( R, 1) 
action: read tbe relation R from dlsk 

inta the lerel numbered 1 

lerel_Ousb( R, 1, ntuples) . 
action: wr1te up to ntuples from lerel numbered 1 to the 

rue assoelated wltb R. sklpplng those startlni 
wltb a null by~e 

IcreCshow( R, 1. ntuples) 
action: display on the Bereen relation R, 

contalned in ,lerel 1 

o 

When a relation 15 brought Into memory. the new Une cbaracter la replaced ~y a 
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..., 
null byt~. Hence. tor each tuple we need tupleJlz~, + 1 bytes. A page can accommodate a relation 

, only Ir ntuples. ( tuple_slze + 1) <- 1024. 

Alter having been created or rfeed, pqes are kepe ln rree_Queue denned above. 

empty Jree_QueueO 
return: TRUE ur rree_Queue 1s empt)' 

getJront_free_Queue() 
return: deQueued front page ln free_Queue 

type: 
action: 

Integer 
enqueue page BLOCK 

The operations on Orst_used_Queue are M rollows'(thelr &l'Cumenli. wbere needed. 

1s an lnteger): 

enQueue_ftrst_used( BLOCK) 
action: add page BLOCK to the end or tlrst_used_<lueue 

• retum: 

move_end~rst_used_<lueue( R) 
action: move from front to the end of tlrst_used_Queue 

the ehaln oC pages perta.lnlng ta the Icrel 
containing relation R 

rront...,ftrst_used_Queue() 
retum: front page or tlrst_used_Queue 

action: 

- (does not remove It Crom Queue) 

transCer from ftrst_UBed_Queue ta Cree_Queue 
a11 the pages CormIng the front lerel 

-set lerel_for_reIO of eorrespondlng 
relation to NEGATIVE 

c 

-free eorrespondlng lerel 

empty Jlrst_used_queueO 
retum: TRUE UI ftrst_used_Queue 18 empty 

--

\ 
\ 

\ We deflned the (ollowlng routine to bandle the transfer of pages between 

1)"ee_Queue and Orst_uscd_Queue. It seems worthwlille to glve the algorlthm underlylng that rune:-
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tlon" 

lt rree_queue la not empty , 
-return the rront paie or rree_queue 

oise • 
iarb~Ie collect.1on: 

-cbeck wbetber ln 1lI'8t_wsed_queue there are paies 
tbat are not polnted t.o byan entry,or lcreiJorJ'elO 

-Ir 50. cree the related lcrel and chain or pages 

lt ,arbage collect.1on has beeÏl succe5Srul 

'eille 

(ront page or rree_QUeue 

whether all or the pages ln llrst_1;lsed_queue 
ta trozen relations 

t executlon (no memory avallable) 
eil!e .; 

-cree the llrst not trozen Icrel and chain or pages 

-return the rront page oNree_queuc 

/ ------.... 
, ----

\ 

o 

,) 

, " 

.. 

o , 
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Ex&mple: 

• Let R be a relation, or index 1 ln rel_table, wit.h 43 tuple3, each tuple comprlslnlt 

51 characters (the tuple slze 15 Hxed ror any glven relation). On d~k. each Itroup or 51 byte3 I.s fol-

lowed by a new Ilne character. To get enough pages It suffices to Is:sue the Collowlni runctlon cali: 

1= lcrel..,get( 7. 43). 

This CUnctlon determlnes that 1024 / 52 = 19 tupi es can fit Into a page and. 50. that celllni( ~3 / 

19 ), that Is, 3 pages ~e necessary. It then gets three Cree such pages. links them toltether and re-
'c..I 

turns the number oC the correspondlng tcrel whlch Is alwayS the Index oC t.he Hrst. page. 

Assume that relation S, oC Index 11, 1s Crozen and that It Is stored ln paie3 01, 9 

and 5. Assume also that relatlon"s U, Ind~x 3, and V, Index 8, are stored ln pages 6, 0, 2 and l, 8 

respectively. However, they are not Crozen. Hence, we have: 

.,. LI 
relation index jere/Jor_relIl page(s) 

R 1 -1 

S 11 .. 01, 0, 5 
U 3 6 6,0,2 

V 8 1 1,8 

0 .. 10 11 12 .. MAJeREL - 1 

" frozen: F .. F T F F .. 

page rcCindcx next ba8c (addres:5 oC storage b8.5e) 
0 3 2 20000 

1 8. 8 21024 

2 3 -1 22048 

3 -1 7 23012 note t.hat consecutive 
4 11 9 24096 , 
5 11 -1 25120 bases are 1024 ... 1>,1 

6 3 0 26144 , 

7' -1 -1 21168 bytes apart 
8 8 -1 28192 

) " 
9 11 5 29216 

Cree_queue . Cront= 3 

.last = 7 

• 
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ftrst_used_queue . Cront== 5 

.Iast == 2 

. queue 

fi 

0 1 2 3 4 5 6 7 8 9 10 'J 

1 
, 

1 1 8 r ? ! 4 9 5 6 0 2 

In order that IcrelJetO work properly, relations must be Crozen beCorehand. A 

typlcal sequence oC Instructions 15: 

u 

1C (1= Icrel..)orJel[ RJ) 1s NEGATIVE 
Creeze( R); 
1= IcrelJet( R, tuple size oC R);. 
icrel.JUI( R, 1); 

perform sorne operations on R ln 1; 
icrel.Jlush( R, J, sorne number oC tuples); 
unCreeze( R); 

Notice that pages 3, 7 and 6 are returned. Other structures are ln the CoUowlng 
r ': 

sta~e (naturally, b88CS are unchanged and, hence, not repeated): 

relation index icrelJorJelf/ page(s) 
o 

R 7 3 3,7,6 

S 11 4 4,9,5 
U 3 -1 
V 8 1 1,8 

0 .. 10 11 12 .. ?vIAJCREL - 1 
/roien: F .. F T F .. F 

page reCindex next o 
0 -1 2 
1 8 8 

2 -1 -1 

3 7 7 
4 11 9 
5 11 -1 
6 7 -1 

7 7 6 

,1 
8 8 -1 

9 11 5 

o 

~_._-----~-- ----=-------------------_ ........ 



0 

lcrel[ 3) · offset- 52 

• · f,uples,J>er..page - 19 

~ 
· rel_lndex== 7 o 

· pqeJndex[ 01 == 3 

Cl 
· pai~jndex[ 1] = 7 

\f" 

· 'page_lndex[ 2J = 6 

· page_lndex[ 3J = -1 
" 

'- ~~I 
" 

, 

{i) 

· page_lndex[ gl = -1 
;, 

" Cree_queue ,(ront= 0 

. last = 2 

ftrst_used_queue · front= 0 

il 
'\ · Jast = 7 

,) i. 
';; 

· queue 

0 1 2 3 ~ 4 5 6 7 8 9 '10 c 

1 1 1 8 1 3 1 1 4 9 5 ·1 6 1 r r ·1 
1 

'~~ \ i 

". 

./ 

\ 

! , 

• 
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d) SORTING 

Many operations of the domaln and relat,lonal algebra hâve been Implemented ln 

a way that requlres that relations be sorted. We caU the al1a.,~i'?r a relation, say R, another relation - ~ .. 
that \$ ldentlcal ta R up ta the sort order. 

• Our sort procedure sets up the envlronment and then cal_l~ a standard qulcksort 

routine to do the a.ctual sortlng. The procedure is Invoked thus: 

nome 
ptr..,R 

sortllst 

sort{ ptr..,R, ptrJ, 5Ortllst) c 

type 
pointer ta Integer 

de8cription 
pointer to Index 
ln rel_table oC relation R 

pointer to index of the 
lcrel containing R 

llnked 'llst or Integers ordered Ust cir domains 
on whlch R must be 50rted 

The call1ng routine needs ta know two thlng!!: the Index ln rel_table or the allas, 

~ay S, of the origInal relation sorted on sortUst and gene~ted by sort: the number or the Icrel, say 

J, whore sort stared S. Slnce 4\ ,Cunctlon can return only one value, we use pointers, thus emulat.lng 

PMcal calI by yarla.ble-; ta pass bnck the Inrormatlon. 

The tuples are preprocessed 50 as ta extract the keys whlch are kept ln a new 

Icre\. For each tuple oC R a palr oC pointers ls set and pla.ced in an array called ptrs, each element 

'1 
t, 

Iptr points to a tuple oC R 
kptr the key extracted from that tuple 

Sorting requires only that Vfe swap pairs oC pointers when tuples are out oC order, 
, 
" as op~ed ta swappiog character stMOiS. The lptr pointers are then used to put the original data 

ln sorted order. 

,.. 

L _~ _____ ....... ______ .....:: _____ _ 
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The aliorlthm iOes as rollows: 
-"'> sort( ptr.,.R, ptr_I, sortlLst) ... 
l-o 

if reLsortlist( R) 18, a prefix or sortllst 
return 

make an allas, say S, eorrespondlni to Rand sçrtlLst 
tr S is presently ln RAM, say ln lerel J 

ln the eaUini routine replace R by S, 1 by J; 
(this 18 why par~meters are passed throuih pOlhlers) 
return 

eise , 
( 1) allocate as many ptrs as R has tuples 

( 2) uslng lcrel,JetO, obtaln a new Icrel, say J, 
to store the result 

( 3) ror each Integer domaln ln sortllst 
·replace any negatlve value by 1t8 0'5 complement 
(80 that Integens are sorted 'properly) 

( 4) ror each tuple, 1, or R 
·set ptrs[IJ. Iptr to IcrelJlne( 1, 1) 

-l5et ptrs[IJ. kptr to sort key extraeted (rom 
relation R ln 1 and stored ln !crel J 

~ 
( 5) undo ( 3) , 
( 6) applY qu1ckcortO on Ptrs 

( 7) ror each tuple 1 or R 
copy ptrs[IJ. Iptr to lcrelJlne( J, 1) 

( 8) tree the s'Pace oecupled by ptrs 

(g) R <- S 

(10) 1 <- J 

.f 

" 

Il. 18 worth mentlonlng that whlle we extract the keys, step ( of), we also check 

whether the tuples are a1ready ln order and set a tlag. At step <' 6). we Inspect nrs~ thls fiag and. 

hence, avold sortlng an a1ready sorted se~ or tuples. 

Let us tllustrate sorne or thesc steps through an example. CODslder a relation 

named ACCOUNT, or index 13, detlned on the followlng attrlbutes 

" ) 
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"amI: 
NAME 
BALANCE 
LOAN 

indez 
33 
9 

14 
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type 
STRG 
JlIIgTG 
INTG 

lengt~ 
10 
11 
11 

~omment8 

customer's name 
current balance 
amount of loan 

Assume also: ACCOUNT Is sorted on NAME and LOAN, ~ont~tns 6 tuples and 15 

"stored ln Icre11. Let sortl1.st be BALANCE and NAME. Let the tuples of ACCOUNT be as follows: 

NAME LOAN BALANCE 
andrew 8800 gO 1 

" 

D charles 410 330 
Jeff 2360 500 

Jerome 0 -50 
mark 100 800 
steve 1500 -100 

, ~ 

Let us conslder the case where the allas, of lndex 19. Is not currently resldlng in 

HAM .but wUl be stored ln Icrel 5. 

Relation Table 
Index Name Tslze Ntupl~ Arlty Domalns' 

3 
13 
19 

flULL 0 0 0 
ACCOUNT 32 6 3 NAME LOAN BALANCE 
$13*9*33 

• 
32 6 3 NAME LOAN BALANCE 

The name $13.9*33 contaIns the foUowlng Information: 13, the index of the rela-

1 
tlon of whlch It la an allas; 9 and 33, Index or the domalns on.)'whlch the allàs 15 sorted, that la BAL-

, ~ 

ANCE (0) and then NAME (33) wlthln BALANCE}. 

ACCOUNT, of Index 13, Is round ln Icrel1: 

tuple fi. address 

0 21168 andrew 0000008800000000000090 

1 27201 charles 0000000047000000000330 

2 21234 jefJ 0000000235000000000500 

3 27261 Jerome 00000000000-0000000050 

4 27300 mark 0000000010000000000800 

5 27333 steve 00000001500-0000000100 

.... 

\1 

j 
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\ 

, '1 

ACter step ( 4). the extracted keys are ln' lcrel 5. The 

pointers lptr a.nd kptr bave been set. 

tu,le #. ptrs.lptr ptrs.kptr 

0 \ 27168 25120 
l 

1 27201 25142 

2 '~7234 25164 

3 27261 25186 

.. 27300 25208 

6 27333 \ 25230 

, ' 

The conlents or lcrel 5 Is: 

tuple # ,address 

0 1 25120 OOOOOOOOOgOandre 

1 t 26142 0OOOOOOO330charies 

2 25164 0OOOOOO0500jetr 
T 3 25186 -ggg9999g40jerome \ , 

.. f 25208 ooOOOOOO800mark 

5 25230 -gg9999020gsteve 

Alter step ( 6), we would have: 

tuple -# ptrs.lptr ptI'3.kptr 

0 27333 25230 

1 27261 ' 25186 

2 27168 25120 

3 27201 25142 

.. 2723-4 2516-4 , ' 
5 27300 25208 

This permutation of the Unes of icrel :; yields the keys. 

and benee tbe tuples. In order. l 
old tuple #- address 

5 25230 -99999992gOsteve 

3 25186 -9999099049j erome 

0 25120 OOOOOOOOOOOandre 

1 25142 oboooOOO330charlC5 

2 25164 00000000500jetr 

.. 25208 00OOOOOO800mark 



• 
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,'.>' "' .... c, ....... 

---

',' 

.. 
, , 
" ' 

-
Atter step ( 1) 'he relation la sortM as required: .'. 

~ 

tuplè '* addreas 

0 25120 steve 00000001500-0000000700 

1 25142 Jerome 00000000000-00050 

2 25164 andrew 00000088 90 

3 25186 charles ()()()()()O()() 7000000000330 

" 25208 jeff ~235000000000500 

5 . 25230 mark OOOQOOOOI0000000000800 

---

'. 

t 

\ 
\, . 
\ 

.. 
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e) PARSER / CODE GENERATOR 

Tbe statements entered by tbe user talI lnto two broad catelorles: domain 

deflnltlon and executable statement (strictly speaklng. vlew statements constltute a thlrd one. but 

tbey dUl'er only <,'Igbtly t'rom tbe latter). For each statement ot the nrst catelory.f reUx bullds an ex-

pression tree ln dom-.table (see example below). For a stateInent of the second. it lenerates code . . 
~- -When compUlng. It J.:S generally easler to produce Inter~edlate code. as oppQjllll!'d to machine or as-

sembly code. PostflX code 1s such an lntermedlate code. It 15 characterlzed by the operator appear-

lng, aCter ail or Its operands ln ~ expression. For example. 

A + B * C (lnflx) ls read ABC * + (postHx) . l 

Tbls code ls ~eruI because a stack may be used to evaluate It. Henee. the reUx 

1 lnterpreter ls a ~ack-based machine. In order to a;enerate sucb cpde. the reUx parser needa to store 

tbe operands temporarlly. 
• ~ -> " 

OVERVIEW 

flle wlth description or tokèns ,-,> lex -> tokehlzer (lex.yy.c) 

me wltb Krammar rules 

me wltb actions 

me lex.yy.c 

\ 
1 
l , 
1-> yacc -> y.tab.c (parslng tables) 

1 
1 
/ 

y.tab.c -> ~c .-> a.out (parser) 

, 

.. 

. 
In our' case the actions are grouped ln a single c-runctlon. named tbe 

semantlc_analyser. This functlon comprises many small blocks or code. Whenever It Is Invoked. elC-'· 

dO, 
actly one block ls executed. Hence thls (unctlon ls a mere big 5wltch statement. Lex la Ir UNIX pro-

, .) 
(t-

gram to generate a lexlcal~nalyser (LESK75]. 
, t 

HOW TO USE YJ\CC\ 
. 

\ 

-
Wltb an ed1t?r. say vi. create or modlty a'flle (say'souice.y)'that coritatna (Bee èx-
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ample lncluded): 

parser: 

-
-description or symbollc tokens 

-speclllcatlon or assoclatlvlty rules tor n<?n unary operators 

-speclllcatlon ot precedence among operatars 

-complete set ot irammar rules, complete ln the sense tha.t 

. ail non-terminais are defined 

-calis to user's routines whlch perform semantlc analysls. 

~ , type checklng and code generatlon 
1 

1 _ 

ln general, we would enter the rollowlng UNIX commands ln order co produce & 

yacc source.y creates a flle named y.tab.c 
cc y.tab.c a.out that ls executable 

However, It 1s more convenlent ta use the UNIX make CacUlty and simply enter: 

make (whlch executes the ll.st ot commanda ln Ma.kefUe) 

nome 
memory 
WORD 

ln order te pertorm lts varlous tasks, t.he parser use the rollowlni data structures: 

type 
array oC lnteiers 

lnteler 
8~rage ror ienerated code 
p~\nts Into memory one 
loe'Îtion aCter the last 
~)e fllled 

operacor_stack 
rd_stack .. ~e below) 

temporary stor~e ror 
damaIn or relatIon Indices 

The operacor_stack 1s used co store the fiap Indicatln, that a proJect has been 

seen or the Indexes or the domains on whlch select operations are ta be perrormed. Note that 

operator stack and rd stack are both or type Integer~tack. No operations are deflDed on memory - - \, 

or WORD, Its assoclated-cursor; access 1s pertormed dlrectly, byarray Indexlng 

nome 
domaln_llst_stack 

twe 
array or Index_llst 

An occurrence or the type IndexJlst ls' a Ilnked llst s>r records. Each record. 
~ 
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called an Ind-ex_element. bas t.wo ftelds: 

lndex 
next 

domaln or relation Indexes 
lInk to next Index_element 

l' • 
\ / 
\--/ 

/ 

The bead~r, node contalns the number or other elements ln the lIst. Construction - . 
or modiftcatlon of Index_llst instances ls done throulh tunctlon calls (unless otberwlse speclfted. 

parameters are llnked Usts): 

-------"'bbulldJlst( I) " 
type: arr.ay.of lnterers a 

" 

o· 

action: from 1 bulld an Index_l1st 
retum: pointer to tbe bead of the new Index_Ilst 

catJlst( LI. 1..2) 
type: array of Inteiers 
action: LIS,T_l- buUdJJst( 1_1); LÏST_2=z bulldJIst( 1_2} 

removine header node • append LI!-T_2 to LIST_l; 
update he~er node of LIST_l 

retum: LIST_l 

copy _IndexJIst( LIST) 
action: traverse and copy the Index_Ust polnted ta by LIST 
retum: pointer to the bead of the new Index_llst 

indexJlst_allocateO 
retum: a new Index_element record 

(lta Index and nèxt ftelds set to NULL) 

, 
lndex_llst_append( LIST. INDEX) 

action: add an lndex_element. lte Index fteld set to INDEX, 
to tbe end or LlST (dupllcates not allowed) 

index_llst_chanie( LIST. INDEX.-l. IND~2) 
type: Inteler 
action: ln LIST replace INDEX..1 by 1NDEX..2 

index_llst_equal( LIST_I. LIST_2) 
retum: TROO ur tbese two llsts are ldentlcal: any Ilven 

index fteld value appearlne ln one llst must appear 
ln tbe other lIst; moreover. index 'fteld values 
must appear ln the same order ln both l1stS 

lndeJ_llst_tree( LIST), 
action: collect storaie polnted ta by LIST for latter use 

0' 

, 
l!i ' 
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,/ 

Index_ll8t_member{ LIST. INDEX) 
return: TRUE ur INDEX ls a metnber oC LIST 

IndexJlst.J)reflx( LIST_t. LIST_2) 
return: TRUE ur LIST_l ls a prefix oC LIST_2 

IndexJlst.J)repend( LIST. INDEX) , 
action: add" lndex_element. Its ~Ddex field set to INDÊ,."'<. 

to the front oC LIST ", . 

nocheck.-lndexJlst_append( LIST. ~Ex) 
action: add an lndex_element;""lts Index field set to INDEX. 

to the eild oC LIST (do not e~hnlnate dupllcates) 

popJndex_llst() 

/ 

action: -pop the run tlme stack lnto NDOM whlch then 
conta1ns the number oC domàlns maklni up 

return: 

a domaln llst; .. 
-pop the run time stack NDOM,tlmes and bulld an • • lndex..llst uslng IndexJlst.J)repend (80 that the 

- order. reversed by s~klnK process. ls restored) 
pointer to the head oC the thus. buUt Index llst 

, -
remove_from_lndex_llst( LIST. INDE)Cl), 

action: nnd and remove the node 'VIth . 
Index field value equal to INDEX_l 

trim.Jirst_lIstJClonger.( LISTA ,LIST_B) 
action: IC LIST-A-Is-lobger than LIST_B remove enough 

.. traUlng nodes from the Cormer 50 that they have 
the same numbèr oC elements 

• > 

The stacles comprlse the fields" dven below. Standard stack routines (puah. POP. 

top and ls_empty) are supplled. 

, , -

" 

lnteger_stack 
. element 
. TOP 

d~maln_llst_stack 

. ~element 

. TOP 

Intege.r 

pointer 

flaK or doma:,ln or relation Index 
poln~ ta the last OUed entry 
oC Integer_stack ,. 

to llnked llst oC Inteiers. 

lnteger points ta the last nUed entry • 
oC domalnJlst_stack 

• 

" 
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S.A1v{PLE GRAMMAR (as a yace source) 

%{ 
*lnclude <stdlo.h> 
*lDclude < math.h > 
*lnclude "Ic.h" 
*lnclude "Is.h" 
*lDclude ·Ie.h· 
*lDclude ·l1.h· 
%} 

/* system llbrary' */ 
/* system llbrary */ 
/* Ali the deflnes */ 
/* The structures. */ 
/* The externals. 
/* The Lex externs */ 

", %token ASSIGN IDENTIFIER LET BE RED OF IN 
%lert 
%left 
%nonassoc 
%start 

,%% 

procram: 

.+' '.' 
'*' '/' '%' 

prolt'&m 

(1) ..... · statement 

{ semantlc...analyaer( PROG:.l): return(. TR~):} 

atatement: 

( 2) detlnltlon_statement ';' 

( 3) executable_statement ';' 

deftnltlon..atatement: 

( 4a)- LET IDENTIFIER 

{sema:ntic_analyaer( LET);} 

( 4b) 

{aemantlc_analyser( BE);} 

. .. 

." 



l 

o domain_expression: 

( 5) domain_expression 'l' domain_expression 

, {semantlc_analyser( DIVIDE_HORIZONTAL);} 

( 6) " RED '+' OF domain_expression 

(semantlc_analyser( REDYLUS);} 

( 7) '(' domain_expression ')' 

( 8) domalnJd 

domalnJd: fI' 

f 0) IDENTIFIER 

{semantlc_analyser( DOMAINJD);} 

( 10) domaln_llst ',' IDENTIFIER 

{se man tic_analyser( DOMAIN...LIST);} 

(11) IDENTIFIER 
,\ . 

{seman tic_analyser( DOMAIN...LIST);} 

• 
executable_statement: 

(12) / relatlon_ldJert ASSIGN relatlonaCexpresslon. 

{semantlc_analyser( ASSIGN);} 

o 

relatlo~ld_lert: , ., 

( 13) IDENTIFIER 

{semanttc_analyser( RELATION_ID J.EFT);} 
~ 

',' 
\ 

o 
. , 
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relatlonaCexpresslon: 
o 

( Ha) proJectJ1at where_clause IN 

(semantlc_analyser( IN):} " 

( 14b) relatlonaCexpresalon 

( 16) 

(semantlc_analyser( PROJECT);~ , 

IDENTIFIER ) 

(semantlc_analyser( RELATIO NJD.-RIGHT);} 

proJectJ1st: .. 

( 16) /* I\ull proJect */ 
1 

( 17a) -- '[' 

( 17b) dO~a1D_OptloD 'l' 

( 18) /* null select */ 

(10a) WHERE 

(semantlc_analyser( WHERE):} 

( lOb) domain_expression 

( 20) /* empty */ 

(, . 

.­.. 

• 

• 

Î, 

f 
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.Aasume that the database TEST Is ln the tollowlnc state (from now on, thé atnl-

~utes Lenrth and Type need not be always mentloned): 

Domain Table: TEST 

Index Name Length Actual 
0 dom..name 20 T 
1 relJlame 20 T 
2 lenKth 11 T , 
3 type 11 T 

" tuple_slze 11 T 
5 ntuples 11 T 
6 count 11 T 
7 dom.J)08 11 T 
8 IIOrt_rank 11 T 
9 z 1 T 
10 x 11 T 
11 c 12 T 
12 v 11 T 
13 a 11 T 
1" b 11 T 

Relation Table: TEST 

Index Name Tslze Ntuples Artey 

3 _NULL 0 0 0 
,f a 35 10 4 
5 b • 45 11 5 

and that we enter the rollowlnc domaln detlnltlon: 

let d be ( red + or a ) / b ; 

Type 

STRG 
STRG 
INTG 
INTG 
INTG 
INTG" 
INTG 
INTG 
INTG 
BOOL 
INTG 
STRG 
STRG 
INTG' 
INTG 

Domalns ~ 

CVXI 
abvXI 

..; 

the actions triggered by the parser and pertormed by the semantlc analyser ar,e Indlcated belo~. We 

" use 'f: to Indl~ate the .current token looked at by the parser. 

f ". 
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1) let t d rule ( 4a) 

case LET: l" 

-cet. index or d ln dom_t.abl~ (lnsert Ir. Ir new): 16 , ' 

-puab index on rd...st.ack \\ 

rd.,.stack 

t 
TOP 

2) let. d be ( red + or t a rule ( 9) 

case DOMAlNJI): 

-cet. index or a: 13 

-puab index on rd_stack .. " 

15 13 

t 
TOP 

3) let d be ( red + or a t ) rule ( 6) 

case RED"'pLUS: 

-pop rd...stack into D 

, 

rd..stack 

U.s 113 

t 
1. OP 

) 

_.J 

r 

! 



o 
_ J 

\ 

o 

1 

/ \ , 

-make a descriptive name thus: 

-0'" 

ftrst operand, '[', operator code, '1', second operand 

-lnaert lt ln dom_table and lnltlaUze approprlate entries 

lnltlallze_dom_table_entry( result_dom, lenKth, type, 
lert_dom, NEGATIVE, cade); 

lenith= INTG~EN 

. 
type== DTJNTEGER 

eode= REDYL~ 

DomJÜD Table: TEST 

Index Name Actual Opndl Opnd2 Operatdr 

13 a T 
14 b T 
15 d F 
16 13 [ 600 1 F 13 600 

i~ 
opserve: 

-600 la the value oC the constant RED_PLUS 

-second operand has been leCt blank 

-(temporary) deCault v~es have been assumed Cor lenKth, 
actual and type oC d 

-push on rd..sta.ck the lnde~ o(-lpserted domaln: 16 

td_staclc 

15 16 

t 
TOP 

---

4) let d be ( red + oC a t )' role ( 1) , 
-nothlnl to do 

1 

p 



~ 

-... --- -
( ,--~ 
\ ........ / 

o 

( -ga-p , . 
/ . 

j 6) l~be(red+ota)/tb rute ( g) 

case DOMAINJD: 

-,et Index ot b: 14 ,-
-pusb Index 00 rd.."tack -. 

rd.,;,stac le 

,,' 
16 16 14 

t 
TOP 

e) let d be ( red + or a ) / b t ; rule ( 6) 

....... , 

--

case DIVIDE,JiORIZONTAL: 

-pop rd_stack loto rllbt_dom 

-Wp rd_stack lnto lett_dom 

rd-.stack 

15 16 14 

t 
TOP 

-cbeck tbat d0ID.-type( rilht_dom - 14) 
and dom_type( leCt_dom = 16) are botb numeric 

-malee a descriptive name, lnsert It ln dom_table and 
lnltlallae approprlate eotrlea io dom_table ta ,et 

Domain Table: TEST 

~II '/ 

..J 

..-

Index Name Actual Opnd1 Opnd2 Operator 
13 a 
H b 
15 d 
18 13 [ 600 1 
17 le- r 610 1 14 

-

T 
T 
F 
F 
F 

'-: 

, 13 

16 
600 

14 610 

"\ 

\ 
• 
\ 
• 

'--=. 

.. 
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observe that 610 la the value or 
tbe constarit DIVIDEJ{ORIZONTAL 

-pueb on rd..stack the index or inserted domain 

15, 17 

t 
TOP 

7) let d be ( red. + or a ) / b t ; rule ( -lb) 

case BE: 

. rd..stack 

t 
TOP 

15 

-u domaln 1 == 15 la redeclared 

11 

-ver11'Y that Its type ls not changed 

-u lts type ls STRG 

-veritY that lts len&tb ls not cbanged 

-set type ot 1 to type or J - 11 

'- ;-; ~ \ 

-set len&th or 1 to lénlttb or J 

-set operator or 1 ta RENAME (2030) 

14 

Domain Table: TEST 

Index Name Actual Opndl 

13 a T 
14 b T 
15 d F 17 
16 13 [600 J F 13 
17 16 [610 J 14 F '---

16 

observe: 

\ 
\ 

\ 
Opnd2 

14 

-lenlth and type or d bave been set properlY 

-~----

o 

' . 

~ ---

Operator 

.0 
600 
510 

1 



• 
" _. 

IJ 

} 

'0 
" 
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8) let d be ( red + or a ) / b t : 

-nothlnc ta do 

0) let d be ( red :+- or a ) / b t : 'rule ( 1) 

cuePROGJ: 

-cenerat.e HALT (0) 

-~tTRUE 
memory .. 

0 I-r-
~ t 

WORD 

Our second example la a !elatlonal asslcnment 

31 <- 1 a. b. dJ ln b : 

we conslder a11 flap 1nltlally FALSE and all stades empty. 

1) 31 t <. rule ( 13) 

case RELATIONJD_LEFT: 

-ftnd Index or 1 ln re~_table (tnsert lt 1t new): 6 

-cenerate PUSH..,.REL (2005) 6 

memory 

) 

... ---

~ ... 

o 

6 

t 
WORD 

--_ .... 

,1 0 

-,-

--
\ 



O· 

o 

\ 

\ 
1 -

o 

2) J <- t [ rule ( 17a) 

-push on dom~nJlstJtack a header node 

CÎJ 
t 

TOP 
j 

-08-

3) 1 <- [ t & role ( 11) 

1 .... , 

case DOMAINJ,IST: 

-cet index or a in {lom_table: 13 

-It virtual. subtract tram index 2 • M.A}CDOM (70) 

-append lt ta the llst OD TOP or domaln_Il.stJtack 

r 

domalnJ1stJtack 

1 13 1 

,m 
t 

TOP 

• 

) 

'l' 
.. 



• 

... 

• 

4) 1 <- [ a, t b rule ( 10) 

case DOMAINJ,IST: 

"same as prevlous ,. 
domalnJ1st..stack, 

~-EJ 
t 

D 
t 

TOP 

-00-

observe tbat the eounter ln tbe header n04e la lncremented 
eacb tlme a new node la alSpended 

6) 1 <- [ a, b. l d rule ( 10) 

• case DOMAlNJ,IST: 

-same ala1n: note that tbe Index 18 nelatlve alnee 
d ls vlrtual 

G-G-~B 
t 

G 

0) 1 \:- [ a, b. d l J 
() 

-nothlnl te do 

1) 1 <- [ a, b. d f J 

t 
TOP 

rule ( 21) 

rule ( 11b) 

case PROJECT':'OFF: 

-pub TRUE on operator_atack -. 

'-

.... . 

, ; 

.. 





...... -----------------------------~~~-------------

c 
= 

l, t 
TOP 

-pop operator~tack lnto select_dom 

-101-

(now select_dom = NEGATIVE and proJect.J!ag ~ TRUE) 

-nothlol to do (otberwLse. we would tenerate 
,'J code for SELECT) 

-~r proJecUlac =- TRUE 
,{Ieoente code for PROJEeT; otberwlse •. notblng to do) 

'·for eacb domJd ln the llst al. domalnJlst_stack. TOP 

-lC dom_Id Ls oegatlve 

o 
-add to It 2 • MAX..J)OM 

-cenerate PUSHJ>OM dom_Id. PUSHJ)OM t2000) 

-
-Ienerate PUSH (2010) value of header node • 
at domalnJlst~tack. TOP 

--~ 

-Ienerate ACTUALIZE (2025) 

-for each dom_Id ln the Ust at domaln_lIst_stack. TOP 
~, .C ~ 

-Kenerate PUSH..J)OM ·domJd 

-tree the llst at domaln_l)st_stack. TOP; pop the stack 

-Ienerato PROJEeT (2020) l, 

-push NEG-\1'IVE on rd...stack 

. " 

-



o 

... 

" 

o· 

• 

2006 6 

2000 14 

3 2000 

17 2010 

" 
12) z <- [ a, b, d]ID b t ; 

case ASSIGN: 

'- 1._ -pop rd..stack Into relJd 

-reUd 1s NEGATIVE 

-notbln, to do 

memory 

2005 

2000 

13 

3 

-1 

f. 
TOP 

5 

17 

2000 

2020 

t 
WORD 

ruIe ( 12) 

-,enerate ASSIGN (287L 

13) z <- [ a, b, dJ ln b t ; ruIe ( 3) 

-nothln, to do 

14) z <- ( a, b, d]ln b t ; ruIe (~ 1) 

-,enerate HAL T 

-retum TRUE 

,. 
-102-

2000 

2Q25 

14 

13 

2010 

2000 

J 
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~ 

, 

G 2005 6 

2000 14 , 
3 2000 

, 
11 2010 

, 1 

. 

.. 

" 

o 

. 

memory 

200s 5 

2000 11 

13 2000 

3- 2020 

rd_stack 

GJJ 
t 

TOP 

. 

-103-

.. 
2 000 13 

202 5 2010 

1 4 2000 

o 
t 

WO RD 

, 

. , 
-li 



• 

" , . 

'. 

The code seems more meanlnlrui when sy~bollc connants and names. as op-

posed to lndlc~ ln dOIILtable or rel_table. are used 

LOCATION OPERATION OPERAND 

0: PUSHJŒL d 

2: PUSHJŒL b 

4: PUSH.J)OM a , 
6: PUSH.J)OM b 

8: PUSH.J)OM d 

10: PUSH 3 

12: ACTUALIZE 

13: PUSH.J)OM a 
1 

15: PUSHJ)OM b 

17: PUSHJ)OM d 

10: PUSH 3 

21: PROJECT 

22: ASSIGN 

23: HALT 

. ... -, 

~ 
~'l 
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r) INTERPRETER 

The Interpreter reads the code ienerated by the parser and executes It, emulatlng 

o ' 
a standard computer. It operates on the memory array. an InstructlQll counter: rellx_IC (an Index ln 

the memory array). the relation reKlstera (lcreI), the data dlctlonary and a run tlme stack (STACK). 

Only the last one.!s new. It ls detlned as a record comprlslng the Collowlng fields: 

name type 
TOP, max Integer 
el array oC Integers 

The classlcal stack operations are deftned thus (S points to an occurrence oC 

STACK, the other &riUment, when needed. la an Integer): -
stk.Jnit( S, num_els) 

action: allocate an array oC num_els Integers; 
set max to num_els and TOP to NEGATIVE; 

pope S) 
retum: the top element unless TOP Is NEGATIVE; 

decrement TOP ,1 

push( S. element) 
action: check Il the stack 1s full ( TOP = max): 

lC not, Increment TOP and Insert element ln 
that new position 

, 
The Interpreter Instruction set, lntemally a collection oC 'lnteiers.( comprises the 

~ 

prlolttlves ilven by the table below. The operators ln the last ftve rows are reCerred to as the 

ACTUALIZE 
IW..T ~ 

PRINT.-R, 
PUSH..,REL 
SHOWJ) 
DL_JO IN 
GT_JOIN 
LE_JO IN 
NGE_JOIN 

• R..JOIN 

-' ~ 

) 
'- )Jo 

/ 

ASSIGN 
INCREMENT 
PROJECT 
RENAME 
SHOW.ft 
DR_JO IN 
lE_JO IN 
LT_JOIN 
NGT_JOIN 
S_JOIN 

ASSIGN_OPTION 
INIT_VIEW 
PUSH 
RENAME_INCREMENT 

E~JOIN / 
1 COMP--, J 

L-=-JO~' 
NLE",~OIN 
U_JdIN 

) 

DEL..R 
IS ~ ____ ., 

~USHJ)OM 
/SELECT 

GE_JO IN 
:LJOIN 
NEQ_JOIN 
NLT_JOIN 

1 · 



-. 
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The Interpreter 

-Cetches the lru!tructlon polntéd to by reUxJC. 
whlch la Incremented 

-decodes the Instruction 

-If necessary 
-Cetches ope rands trom memory or 
-pops them Crom the STACK 

-lnvokes subroutlnes ta perform operations on relations 

-pushes the result on the STACK when approprlate 

\ > 

Instructions are of variable length and thus the decodlng / Cetchlnr Bhases over-

IaP. We 1tl'0Up the instructions by the number of operands that.Jhey pop from or push on the stack. 

" In order ta Ulustrate how each primitive works we conslder varlous statements of the relatlonal 

al~ebra. We show the contents oC the memory array as ftUed ln by the parser / code renerator. We 

show also the contents or STACK beCore' and aCter the executlon or the operation. TOT and 

GRADE are the virtual domalns deftned ln chapter ~. 

Domain Table: SCHOOL 

Index Name Length Actual Type 

9 NAME ·26 T STRG 
10 STUID 7 T STRG 
12 Al \-11 T INTG 
13 A2 11 T INTG 
16 TOT 11 F INTG 
17 GRADE 2 F STRG 
36 TOT_305 11 T INTG 
37 GRADE_30l; 2 T STRG 

1 

Relation Table: SCHOOL 

Index Name Taize Ntuples Arlty DO~a1~S 
4 MARKS_420 70 10 7 N~ STUIDSEC 

A~MIDFIN 
13 GRADE_305_R 39 7 3 N TOT_30S 

o. GMDE_305 

\ 



, 
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--;;. 

-107-

GRADE_420..,.R <- [NAME. TOT. GRADE) ln MARK~'--420; 

0: PUSH...REL GRADE_420.,.R 

2: PUSH...REL ?vIARKS_420 

4: PUSH....DOM NAME 

8~ ?USHJ)OM TOT 

,. 8: PUSHJ)9M GRADE 

10: PUSH 3 

r 
ACTUALIZE 12: 

13: PUSHJ)OM NAME 

• 15: PUSHJ)OM TOT 

11: PUSHJ)OM GRADE 

10: PUSH 3' 

.:2> 21: PROJECT . 
22: ASSIGN 

23: HALT 

PUSH. PU~0)OM and PUSH.,.REL 

pop none. push 1 (retehlnc !rom memory) 

rellx.JC - 0: PUSH.,.REL GRADE_420..,.R 

D (lert corresponds to bottom oC STACK) 

t -
TOP 

-puah a COlll!ltant on the STACK 
(respec~lvely a domaln. relation Index) 

-oper&J)«1-13 ln the next location oC the memory array 

'. 

The panser de termines rrom the crammar rule recoplzed whether the current 

operand 15 a scalar or an Inde:J( ln the domaln or relation table. SlmJlarly. the subroutlnes or the In-

1 

i 
1 
1 



• 

o 
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~rpreter take as arpments a comblnatlon or scalars and Indices. They are bullt to Interpret 

correctly the Inteiters wltb whlch they are red. In partlcular. we do not need three dlfterent PUSH 

primitives. However. the code ls more readable thla way. Assume that 6 ,la the Index oro 

rel1xJC - 2: PUSH.ftEL MARI<S_420 
.,. 

""'1 -6---

t -TOP 

PUSH and PUSHJ)OM work slmUarly. 

ACTUALI.?E and PROJECT 

pop variable number or operands. push 1 

reI1xJC - 12: ACTUALIZE 

16 4 9 

" 

16 17 3 

t 
TOP 

the STA~ contalns a domaln llst and a relation Index: 
3 1s the number or domalns 
9. 16 and 11 are the domaln Indices 
4 1s the relation Index 

-pop domaln llst Into DUst. • -pop relation Index Into R 
-S <- llst_actuallze( DUst, R) 
-push S on STACK 

- .. 

1 
, Ô 

The functlons. lIke lIst_actuallze, that are called by the lnterpreter to Implement 

dltrerent. operations or the relatlonal a1"ebra wlll be explalned ln chapter VI. -AMume that 1 .. the 

lndex or t.he relation resultlnit rrom the actuallzatlon or 9, 16 and 11 ln 4 . 

.. . 



·' 

, 
,\ 

• 

12: ACTUALIZE 

rellxJC - 13: PUSH....DOM NAME 

16 l '7 

t 
TOP 

"'" PROJEeT worb slmUarly wlt.h the dlfl'erence t.hat proJect( OUst, R) ls called. 

AMume that 8. la ihe Index ot the relation resultln~ when we proJeet relation 7 on domalns 9, 16 

and 17. 

ASSIGN, ASSIGN_OPTION, INIT_ VIEW. INCREMENT and IS 

pop 2 , push none 

rel1xJC - 22: ASSIGN 

16 
23: HALT 

8 

t 
TOP 

the STACK contains two relatIon Indexes: 8 and 6 

-pop relation Indexes into S and R 
-ualp( R, S). that ls S to R 

22: ASSIGN ~ 

rellx_IC - 23: HAL T 

t 
TOP 

l 

1 

The-others work sfmllarly. ~SIGN_OPTION. INIT_VIEW and IS Invoke also 

uallIl( R, S). INCREMENT lnvokes elther asslin( R. S) or Incremente R, S) . 

~--



• 

• 

-1nvoke 
reL~able_delete( -i)" 

pop none, push none 

" 
drll MARIaC420 

3: HALT 

-the others lnvoke re:specttvely 
-prtnt._oneJel( R) 
-show_dom_tablé( D) 
-show _rel_table( R) 

Il 

-no action la pertormed; 
control ls retumed ta the main drlvtng routine 

-uo-

-exc~pt ln the case oC HALT, the ope rand ls ln the next • 
location oC the memory arra.J ._. 

-the STACK ls not modlfled 

SELECT 

pop 2, push 1 

GOOD <- where TOT >= 75 ln GRADE_"20Jt: 

, 0: PUSlLREL GOOO 

-i: PUSHJ>QM 16[ 332 120 

6: SELECT 

1: ASSIGN 1 

8: HALT 
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rellxJC - 6: SELECT 

0- 7: ASSIGN 

--~- 10 6 48 

t 
TOP .--

-1' Domain Table: SCHOOL 

Index 
16 
20 
48 

Name 
TOT 
$76 
16{ 332 ]20 

Actual 
T 
F 
F 

Opndl 

16 

Opnd2 

. 20 

tlle STACK contaln.s a domaln and a relation Index: 
48 fa the domaln and 6 the relation Index 

-pop domaln Index lnto I? 
-pop relation index lnto R 
-8 <- select( D, R) 
-puh S on STACK 

o· 

Operator 

258 
332 

, 

Î 
t' 

4,ssume that 10 fa the Index or the relation resultlnc from the select operation. 

1 

1 

6: SELECT 

reUxJC - 7: ASSIGN 

1 9 10 

r 
TOP 

RENAME. RENAME_INCREMENT 
, 

pop variable number or operands • push none 

TO..BEyOSTED (STUID. ASSIGNMENT_l. ASSIGNMENT_2 

Relation Table: SCHOOL 

Index Name Taize Ntuples Arlty Domalns 
9 GOOD 39 6 3 NAME TOT GRADE 

11 TO..;sE"pOSTED 29 10 3 STUID 
ASSIGNMENT_l 
ASSIGNMENT_2 

13 • GRADE_30SJt 39 7 3 NAME TOT_305 

[// G~E_305 

, 

• 



-112-

Domain Table: SCHOOL ." • 0, Index Name Length Actual Type . 
9 NAME 26 T STRG 

" 
la STUID 7 T STRG 
12 Al 'li T INTG 
13 A2 11 T INTG 
16 TOT 11 T INTG 
17 GRADE 2 T STRG 
49 ASSIGNMENT_l 11 T INTG 
sa ASSIGNMENT_2 11 T INTG 

0 

0: PUSHJŒL TO_BE_POSTED 
--

2: PUSHJ)OM STUID 

" 4~ PUSHJ)OM ASSIGNMENT_1 

6: PUSHJ)OM ASSIGNMENT...2 

8: PUSH 3 -
la: PUSHJŒL MARKS_42b 

12: PUSHJ)OM STUID 

, 14: PUSHJ)OM Al , 

16: PUSHJ)OM A2 

... 
18: PUSH 3 

20: RENAME .' 
IV 

21: HALT 

rellxJC - 20: ,1 RENAME 
v 

0 
21: HALT () 

r; 110 1 ~,~ 1 111 110 49 50 1 4 12 13 , 

l 
TOP 

, 

" i" . 
,iJ " 

~ 

• \:,) 
(, 

" 
, ~ .. ~~ 

" . ~.-'-~J.J \;;c).: 
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the STACK contalqs two domain llsts-and two relation Indexes: 
-10, 12 and 13 constltute the ftrst domaln llst 
-10. 49 • 150 the second one 
.. and 11 are the relation Indexes 

-pop domaln U.st Into DSUst 
-pop, relation index lnto S 
.. pop domain Ust Into DRllst 
-pop relation lndex lnto R 
-renameJncrement( R, DRllst, S, DSlIst, opcode) 

(where opcQde ls elther RENAME or REN~_INCREMENT) 

" 20: RENAME 

rellxJC - 21: HALT 

D 
t 

TOP 
, 1 

JOIN 
1 

pop variable number oC operands , pusb 1 
, 

GRADE_420_aoS <- GRADE_420.-R, [ NAME IJoin NAME 1 GRADE_305..R: 

0: 

\. 2: 

,4: 

6: 

8: 

10: -
12: ' 

14: 

115: 

16: 

PUSH..REL 

PUSH.,.REL 

PUSH....QOM 

PUSH 

PUSH..REL 

PUSH...POM 

PUSH 

I-JOIN 

ASSIGN 

HALT 

l' 
\' 

" -

:1 GRADE_420_305 

GRADE_420_R 

NAME 

1 

GRADE_30S.-R ... 

NAME 
'-

1 

" 

" 

,~ 

4 

'" 

( 



• 
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rellxJC - 14: l-JOIN 

..t!5: ASSIGN 

114 6 9 1 1 13 1 9 1 \, 
~ 

,"" t 
TOP 

the STACK cont.aIns two domaln lIsts and two relation Indexes: 
-bot.h domaln llsts comprise a sln~le domaln: 9 
-13 and 6 are the relation indexes 

-pop domaln llst lnto DSllst. 
-pop relat.lon Index lnto S 
-pop domaln llst lnto DRllst 
-pop relat.lon Index lnto R 
-T <- mu...Joln( R. DRllst. DSllst, S. mode) 
-push T on STACK 

\ 

0 

where mode 1s &DY member of the tamUy or JOIN's. The p-Joln have been lmplemented and doc:u-

mented by Ann T. Chone; t.he a-Joln remalns ta be Impleinented. AMume that 15 la the Index or 

the result of the ijoln . 

rell:XJC - ~}): ASSIGN 

l ' 

ŒJ 
t 

TOP 

t' -\ <1> 

l 

\ G 
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,) PROGRAMMER'S MANUAL 

How one would 10 about, addlne new'Ceat,ures ta rel1x! We elve here sorne guide-

11nes ln the form of t,wo examples. The first detalls the steps ta Collow ln order ta develop redIt, a 

relatlonal edltar. The second one, from the domain al,ebra. lllustrates how we Implemented the 

,lsknown functlon. 

IMPLEMENTATION OF REDIT 
1 i 

In order ta recoiDlze redit, a new taken, we add the followlne rule ta 11.1, the Iex 

source:-

redit, {lIst1nl( PROGRAM..BUFFER, yyt,ext); ret,um( REDIT);} 

and ta Iy.y, t,he yace source, the declaratlon: , 

%taken REDIT 

Suppose we want redit, ta obey the followlnl syntax and semantlc specificatIons. 

syntax: 

relatlonal_expresslon::== 

{ [ domaln-llst 1 } redit { relatlonal-e.xpresslon } 

semantle: 

-both [ domaln-Ilst J, aI'i-l, and rela~al:!xpresslon, arl-2, 
are opt.lonal, but they May not be both omltted 

-are-l specifies the sort order ta he used by the edltar; 
if &1'1-2 ls empty, lt also supplies the do mains on whlch 
a new relation ls ta he definëO ' 

-are-2 !s evaluated ta yleld a relation, say oC Index R, 
beCore lnvoktnl the edltar; if &ri-Ils leCt out 
the domaln lIst of R provlde.s the sort order 

, 
-th4! elements oC arl-l must be names, not_expressions 

-

\ 

" 

t 



• 
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We add the followlnr irammar rules te }y,y: 

relatlonal_expresslon: 

projectJjst REDIT 

relatlonaCexpresslo~optlon 

{semantlc_analyser( REDIT);} 

/* empty */ 

{semantlc_analyser( REDIT..NULL):} 

1 relatlonaCexpresslon 

{semantic_analyser( REDIT_NOjlULL);} , j 
th. rule lor proJ .. U~t bas ~"n gtven ln sec<lo ••. Th. "mantle_anai'r ·must b,'modlD'd tbua: 

case REDIT 1: -, 

-If 8.I'i;-1 la present 
-create a new IndexJ1st and push lt on the stack; 

pusb~doma1n_llst.;st ck( Index_lIst_allocate(»; 

case REDIT~: 

-push FALSE on operator_stack: 
S"'pUSH( operator.;stack, FALSE); 

case REDIT.-NOjWLL: 



• 

'. 

cue REDIT: 

-pop operator..staek lnto redltJla~ 

-1t redltJlac la F ALSE 
-cenerate: PUSHJl,EL NEGATIVE 

-pop domaln_lls'tJtack lnto rtght..ptr: 
rfcht-ptr- pop_domalnJlst_stack(); 

:w 
-ror each domaln ln the Ilst rtghtJ)tr 

-check that 1t ls a valld domaln name 

"cenerate: PUSH.J)OM domaJn index: 
cenerate_code( PUSHJ)OM); 
cenerate_code( rtibt-ptr-> index); 

-generate: REDIT 

-U1-

r 
" 

It remaln.s to add the rollowlnc code to the procedure Interpreter() ln lscc,c: 

case REDIT: 
pop relation Id and number or domaJns rrom run-tlme stack: 

domllst..R-= pop_lndexJlstO; 
R- pop_and_eva1JCvlew( &run_tlme_stk); 

lovoke the relation al edltor: 
S- redit( domllst..R. R); 
puth( &run_tlmeJtk. S); 
IndexJlst_free( &domllst..R); 

break; 

The CUnctlon pop_and_evaC1Cvlew() ls explalned ln chapter VU. The program-

mer must now supply the bQ.<iy or the Cunctlon redit() ln order ta perrorm the tasles or the edltor. 

CUnctlon name: redit 

argumenta: 

domllst,..R: (posslbly empty) Unked llst or do main Indices 

R: Index (POSSlbly NEGATIVE) or t,he relation to edit 

retum: \ 

S: Index (posslbly R) or the resultlnc relation 

Let us present,. tocet,her wlth the lntermedlate code cenerated. a few examples or 



o 
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'\ 

relatlonal expressIOns usln, redit. 

[FIN. STUIDJ redit MARKS_420 

24: PUSHJ)OM FIN 

26: PUSH..DOM STUID 

28: PUSH 2 

30: REDIT 

redit MARKS_420 

16: PUSH 0 

18: REDIT 

[ FIN. STUID] redit 

22: PUSH..,.REL tJNKNOWN (NEGATIVE) 

24: PUSH..DOM FIN 

26: PUSHJ)OM STUID 
l" l' 

28: PUSH 2 

30: REDIT 

-,....---- , 

,,' 

" 

--------- --~--



&-

" 

.' 

",,' ..-- -
-110. 

The nen one would cause ~he followlnS error messale 

ta be prtnted: domaln Ilst and relatlonal expressIon can not be ~oth e1np-

" ' 
ty. 

a <- redIt; 
: 

'-. 

32: PUSH,..REL a ) 
34: PUSH..,REL UNKNOWN , 

\ 
PUSH o " ;J6: 

~REDIT - ' -
• 

30: ASSIGN 

, 
lMPLEMENTATION OF ISKNOWN_ 

tUceWtae, ln order to ImpiemeM- lsknown we modlty lU, ly.y and lz.e thus: 

n.l: 

" ~ 
I8known {lI8tln,( PROGR,AMJ3UFFER, yytext); 

return( lSKNOWf'l);} 

ly.y: 

%token lSKNOWN 

{semantlc_analyser( ISKNOWN);} 

ls.c: 

case ISKNOWN: 

Ief't_dom- syoP( rd_stack}; 
type - DT....BOOLEAN: 
lencth - BOOLj.EN; , 
result_dom- update_dom_table( leCt_dom. code, NEGATIVE); 
lnltlallze_dom_table_entry( result_dom, lenlth. 

type, leCt_dom, NEGATIVE, code}; 
S.,.PUSH( rdJtack. result_dom); 
break; 

let KNOWNJD be lsknown( STUID); 



o 

o 

would modlty do~table thus: 

Q Domain Table: SCHOOL 

Index Name J Length Actual . Type Opnd1 Operator 

10 STUID 7 T STRG 
20 KNOWN_ID 1 F BOOL 21 2030 
21 10 [271 1 1 F BOOL 10 271 

In lsl_dom_op( 0) (lrdut.c) we replace 

0== ABS Il ° == NOT Il 0 == UNARY_PLUS Il 

° == UNARYJ..1INUS); 

by 

retum( ls_vertlcaLop( 0) Il 0 === RENAME Il ° =-== ISKNOWN Il 
'"" 

0== ABS 11o == NOT Il ° == UNARYYLUS Il 

0== UNARYJ..1INUS); 

we modtry tuple_actuallzeO (ltact.c) 
thus (* lndicates additions): 

lC( lsl_dom_op( op»{ 
Ir( ls_vertlcal_op( op » 

_ evaluate_vertlcal_dom( PaS1, 11, op, ptr..R, D, ptrJ): 
else 

swltch( op ){ 
case NOT: 

I 
\ 

r-

• case ISKNOWN: 

• test Cor OK and append T or F: 
Cor( 1 = 0; 1 < reCntuples( R); l++){ 

stmcpy( tuple, &lcreUlne{ 1. 1)[ pos11. 11); 
tuple[ 111 = • '; 
strcat( lcrelJlne( 1.1). 

"­
\ 

, . 

\ 
• 
• 
• 
• 
• 
• } 

lsknown( dom_type( dom_opnd1{ D», tuPle)~; 

"1 

1 
} end or swltch * / 

. } end oC te( ls1_dom_op( op» ./ 
1 

\ 

, ' 

ln larith.c we add the Cunctlon lsknown whlc~ returna a pointer ta a atrln,,: 
') 

1 

\~ 

\ . 
:.: " 



.' 

"kno~( ~ype. a) 
input: ~ype ls an lnteKer, s a strlnl . 
re~urn: result ot comparinl s wlth DK 

(or appro~rlate ~ype) 

\ :ls:::I:;:=::~:C:::~::K:: 
swltch( type){ 
ease DTJ300LEAN: 

Ir( *15 -- .DK..,BOOL_s) 
return( FALSEJ); 

else 
return( TRUE_s); 

almllar case statements rOf' the other types. 
} 
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CHAPTERV 

DOMAIN ALGEBRA IMPLEMENTATION 

In thls ehapter, we descrlbe the aliorlthms ta actuallze & domain D ror each tuple 

oC a relation R contalned ln lerel I. The chapter comprIses two sections: 

a) Extraction ot DomaIn Values 

b) Operations on Domain Values 

a) EXTRACTION OF DOMAIN VALUES 

the domain D Is deftned as a lunetlon or some other domains. The routines 

deseribed ln thls section loeate these other domains ln relation R, extract the correspondlni values, 

lnvoke the tunetlons described ln the next section ln order tO compute the value of D Croin these 

opera.nds and append the 50 obtalned value ror D to the approprlate tuples or R ln Icrel I. 

TUPLE..A,CTUALIZE 

Tbe procedure actuallze, descrlbed ln the Collowlni chapter, calIs tuple':'actual1ze. 

This one takes three parameters: D, the Index or the domaln to be actuallzed; ptr..R, a pointer to 

J 
the Index, R, oC the relation ln whlch D ts'à'i-O& llCtuallzed; ptr_I, a pointer ta the Icrel, 1. contaln-

, 
o \ 

. lnS R. M mentloned beCore, pointers are used slnè\ actuallzlni vertical domalns deflned th~~ih 

equlv. run or par requlres us to Invoke our sort proced~ described ln the prevlous chapter. 

Tuple_actuallze de termines whether D 1s a horizontal or a vertical domaln. In the 

6rst case, It perCorms the work descrlbed below. In the second case, It Invokes 

tuple_actual1ze( D, ptr~. ptr_I) 
Input: D Index or vlrtual domaln 

ptr~ 

ptrJ 
pointer to relation Index 
pointer to lerel 

o ' 

\ 



u 

f 

• 
... 

1- lt D la a horizontal domaln 
a- cons~t.: 
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-extract value or constant rrom dom_name( D) 
_, -append ta each tuple 

b- unary: 
-ftnd position and Ien"th or operand domaln 
-extract value and store It ln opndl 

-select 6n dom_operator( D) 

case NOT: 
-append fteld swappln" boolean value: 

st.rcM( LINE, ne"at.e_boolean( opndl»; 

case UNARy,..pLUS or RENAME: 
-Just. ~opy at.tribute value: 

st.rcM( LINE, opndl}; 

case UNARY...'MINliS: 
-append ne"atlon oC ope.rand fteld 

case ABS: 
-put '0' ln o.rst byte oC opndl 
-append ta tuple 

b- blnary: 
-ftnd position and len~h or both operand doma1n.s 
-extract values and store them ln opndl and 

opnd2 respectlvely 

-select on dom_operator( D) 
case EQ, NE, LT, LE, GT or GE: 
-compute and append boolean value usln" the 
Collowln" tunctlons dependlng on the type oC 
the operand domalns: 

compare.Jnteger() or compare..strin"O 

• 
case CAT.)iORIZONTAL: -

-append to tuple the concatenation oC opndl and opnd2 

case INTEGER operator: 
-compute result uslng appropriate runctlon, 
aCter conversion to lnteger: 

opndl ta vall, opnd2 ta val2: 

case PLUS_HORIZONTAL: 
.. result.- add( vall, val2} 

case MINUS_HORIZONTAL: 
reault- subtract( vaU, val2) 

" 

, , 

• 



• 

• 

c~ TIMESJ{ORIZONTAL: 
reault-= multlply( vaU, val2) 

c~ DIVIDEJ{ORIZONTAL: 
result=- dlvlde( vall, val2) 

case MODULOJIORIZONTAL: 
" result- mqdulo( vaU, val2) 

case MAX;JiORIZONTAL: 
result== mu( vall, val2) 

case MINJ{ORIZONTAL: 
result== mIn( val!, val2) 

case EXP: 
result== power( vaU, val2) 

-12 .. 

-convert result to strin, and append to t\JPfe ...... 

c~ BOOLEAN operatar: 
-compute and append bOCJ1ClUl value: 

case ANDJ{ORIZONTAL: 
strcat( LINE, and( opndl, opnd2) 

case ORJIORIZONT.t\L: 
strcat( LINE, or( opndl, opnd2) 

c- ternary~ 

-flnd position and lengtb of the tbree operand domalns 

-extract values and store tbem ln opndl, 
opnd2 and opnd3 respectlvely 

-select opndl 

case TRUE: 
-append opnd2 to tuple 

case :AtLSE: 
-append opnd3 to tuple 

case OC: 
-append DC ta tuple 

case OK: 
-append DK to tuple 

-If opnd2 and opnd3 have dUl'irent leni;th 
pad wlth blanles 

o 
, 
t) 

<~ ... . ...--. --------------- ---~~", . 

o 



" , 

• 

l 

--
( 

• 

1 -

.. 
2- Ir D la a vertical domaln 

evaluate_vertlcal_dom( pœ!, Il, operator. 
ptrJ, D, ptrJ); 

-, 

.. ::~~ . 

o 

1 
i 
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o 
\îI' 

. 0 
The rollowlng, called by tuple_act.uallze t.o evaluat.e a- vertical d9maln D, dater-

, . 
, mines throulh whlch ,oC red, equlv, fun and par ls D deftned. It malces sureothat the relation Is sort.-

. , ) ,-') -
ed correctly, as requlred vby equlv, CUn or par. It then Invokes elther reductlon, rOf-red and equlv, or 

tunctlon, Cor CUn or par, ta complete the actuallzatlon p~ess. 
\ ) 

evaluate_.fertlcal_dom( p051, Il, ope~ator, ptr~, D, ptrj) 
Input: pas1 and 11 Integer pOSition and length 

oC operand 
o 

operatar • 
l, 

code oC operatar 
dennlng D 

D 
ptr...R 
ptrJ 

• 
, pointer ta 

Index ln dom_table 
relation Index 
lcrel 

-operator Calls ln one or the four groups 
, 

RED.,.pLUS 
RED_TIMES 
RED.)vIAX 
RED...MIN 
RED:..,AND 
RED_OR 

Il 
II 

EQUIV.,.PLUS 
EQUIV _TTh.ŒS 
EQUIVJv1AX 
EQUIV...MIN 
EQUIV..,AND 
EQUIV_OR 

, FUNYLUS 
FUN_TIMES 
FUNJv1AX 
FUN..MIN 
FUN...,AND 
FUN_OR 
FUN..MINUS 

, FUNJ>IVIDE 

FUN..MO DUL ° 
FUN...EXP 
FUN_CAT 
FUN_SUCe 
FUNYRED 

~lt operator' b~lpnp to the ftrst 'I1'OUp 

reduct~on( operator, pœ1. Il, O. 
rel..ntuples( *ptr_R), *ptrJ); 

::lf operator llelongs to the second i1'OUp 
-sort on by _list: 

sorte ptr...R. ptr_I. bulldJlst( dom_byJlst( D»; 

-determlne the strata or equlvalence classes 

-Cor each stratum 

() 

l reductlon( operator, pœl, Il, tflrst, tlast., *ptr:.J); 
(tflrst== Jlrst tuple oC stratum, 
tlast- last tuple or stratum) 

PARYLUS 
PAR_TIMES 
PAR..MAX 
PAR..MIN 
PAR-ANJ? 
PAR_OR 
PAR,..MINUS 
PARJ>IVIDE 
PAR..MODULO 
PAR.-EXP 
PAR_CAT 
PAR_SUCe 
PÀR_PRED • 



.. ~--~-r~--------------~----------------~~--------------~------------"'~----' ~ 

• 

.' 

--

( 

-It operatar belonp to the th1rd croup 
-sort &ccordlq ta the orderlrll attrlbute (on orde~Jbt) 

-appJy 
tunctlon( operator; pœ!, 11, 0, rel_ntuples( *ptr.Jt). 

1 
t ~trJ, domUst, .ptr.Jt); 
, -' 

-It operatar belonp -to the rourth croup 
• -sort to let both the strata and the proper orderlnl 

append orderJlst to by _1\Jst 50 as to let newllst 

sort( ptr.ft, ptrJ, newllst); 

-determine the strata or eQUIValeJce classes 

-Tor each equlvalence class 
~ctlon( operator, pos!, 11, tflrst, tlast. 

*ptrJ, domllst2, .ptr~); 
(t~t== tirst tuple ot stratum, 
tlaat- last tuple or stratum) 

:~~~,-
, 
\ 
1" 1 

1 
\ ;lt'] ') 

\ 1- "' ... 

\ ' ,\ 
_\\' ,1 'J . 

• 
" <' 1 0 \ 

o 
.~ --

, 

," 

• 
..-

',. .~. 

-, ... 
\~'I 

.1 
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~~ 
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\.' 

l 
l 
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Jl,EDUCTION -
'1 

\, 

reductlon( operator. pOsl, 11. u .. ~2..J) c) 

Input: pOSl and 11 Intoeger i>08ltton 1lndJenph 
, ot operanâ 'Y,\_~ ç; Ç). 

\loper~tor! ,\" ,\ .. code oC operator deflnlnsr D r) 

tl and t2 Il " d l 1 u c- ') , ~ 'an~;:::J~I:',t ,tup e . 
oC stratum 

1 )ndex oC lcrel '" 
"0,". .'_ ~ 

-lnitlallze accumulator, acCOrdlDit to dpê~~lQn perCormed. 
, v '~ CCI 
With approprlate Dull value or Identlty element'ç- 1 ' _ 

, , " '...J Il) ~\"?) 
accum= o~ C'rJ C' -

0.0 

case RED_TUvŒS: 

case RED..MAX: accum= - ?v1A.,."aNT;) ,_ 

case RED..,MIN: 
, , 

accum= MAXINT; 

case RED..ANJ); accum= TRUE; 

accum== F ALSE; 

-Cor each tuple 
-extract opnd 

, -compute accum= accum operator opnd 

-appeDd accum ta each tuple 

FUNCTION 

otunctlon( operator, posl, 11, tI, t2, 1. domllst, R) 
Input: pos1 and 11 Integer position and lenitth 

otoperand 
Qperator 
Cl and t2 

Randl 
o 

.. 

.. 

code oC operator deftnlng 0 
tirst and last tuple 
oC stratum 
Index oC relation and Ierei 
domaln Index 

:J 

domllst lise Ilnked llst oC domain Indices 

-any operator except PRED and suee 

-lnit1allze accumulator, accordlng to operation perCormed, 
with approprlate null value or Identlty element 

IP 

u 

o 

"" 
1 , 

J 

, 
,-

ç, 

" " 

- " 

" .::: ;:~ 
,s~ 

, . 

}!-, 

'.' 

.:-

, , 
Il .... ' 

,y './ ' 

::-\/ 

\.. '':: 
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-Cor eaeh stratum 
(aU tuples wlth same value Cor tbe by attrlbutes) 

-trom tlrst. tuple ta last (baclcward IC operator 15 EXP) 

------------~--~ -
-lC cunent tuple dUl'er trom prevlous 

ln orderlnl attrtbute 

-extract. opnd 

-compute accum= opnd operator accuOl 

-append accum ta current. tuple 

-operator PRED or suee 

-Cor eacb stratum 

-trom ftrst tuple ,ta last 

-lC cunent tuple dUl'er trom prevlous 
ln orderlnl attrlbute 

-suee 
-append value to prevlous trom current 

(ftrst stratum Collows tbe last one) 

-PRED 
-append value trom prevlous ta current ' 

(Iast stratum precedes the Orst. one) 

-------------~ 

'r~1 

" 

, ' 

--



o 

• 
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b) OPERATIONS ON DOMAIN VALUES 

Thls section conta.lns the runctlons whlch perform ,the operations on the values 

extracted !rom' the relation R ln whleh the domaln D ta actuallzed. They return the value or D ln 

R. These functlons help tsolatlni the Implementation of the domaln aliebra Crom the rest or reUx. 

, 
We handle here the operations on the null values OC and OK. We follow the ap-

proach de,serlbed ln [MERR84aJ. Remember that OC represents Irrelevant Information and means 

"don "caro", DK d."rlb .. missI •• data an~ ... "don', k.ow··. 

In thls lmPleme~1gn/eaCh domain type 1s a set eontalnlni DC and DI< 

represented thus: 

DC DK 

boolean '* ! 

# 1 

-2141418111 -2141418112 

Th~e values have been chosen 50 that they are ordered the same way Cor &lI 

domain types: DK smaller than DC whlch la smaller than all other values ln the domaln type. The 

'J;>C null value ls taken ta behave as a special value wlth propertles slmllar to those~ non-nuU 

values. With respect ta operators the behavlor or DC ls best explalned by the followlni tables. In a 

nutshell: it acts llke an Identlty element ror operations Uke +, x, max and min. In other words, It ls 

~ored. The compartaon x = DC (respectlvely x < OC) has value true (respectlvely ralse) 1C X la 

DC and taise (respectlvely OC) If x ta non-null. 

The OK null vaiue ls more troublesome. Conceptually, It la a variable ranilni 
1 

over all the non-null values or a domaln type. That ta, lt an expression ln volves DI( then aU the 

non-null values or the same domaln type are substltuted ror OK. If the result ls always the aame, 

thls ls the value or the expression. Otherwlae, the exPressIon has value DI<. However, havtn, 

chosen a special value from the domain type to represent It, we approxlmate the rule Just descrlbed 
/ 

wlth tbree-valued IOile. DK ls seen as a thlrd IOilcal value. the other two bel n, true and faIse. that 

.. 
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a 10l1cal expression may take on. Any eomparison between a non-null and DK hM value DK. The c tables below ind1c~te how DK behave as an operand or the loSiçal operators: and, or, neltatlon. The 

result or any arlthmetle operation on DK ls OK. 

Notice that. thls approach eontalns some Ineons'îSteneles: the tautology 

« a <-DK) or ( a >= DK» evaluates to DI(; slmllar problem occurs lC DK Is replaced by DC ln 

1 

the precedlnlt example. Our slmplistlc app.roach ln handllng DC and DK has the advantalte oC sup-

plylnlt the users wlth a way to experlment wlth null values. Thus, reecmack from those May Indl-

li 

eate bet.ter avenues to explore. Due to the hlgh modularlty of thls Implementation, changes need to 

::) ~ 
be made only to some or the runetlons below ln order to probe a dlft'erent approaeh. 

\ WhUe executlnlt the CoUowlng CUnctlons, varlous errors may occur: arlthmetle 

overtlow (absolute value oC result ls not smaller than MAXINT), division by zero, Inval Id operand 

(Cor example, a l100lean ar~ment.1s none oC true, Calse, DC or DK) and 50 on. In such a case, we 
.. 

signal an error oC class SEVERE (see chapter VITI) and return OK oC the approprlate domain type. 

In each table I>elow, x ls anythlng but DC or OK. 

add( a, b) 
Input: a, b Inteiers 

~ retum: sum oC a and b 

a\ b x DC DK 

x a+b a DK 

DC b DC DK 

DK DK DK DK - • 
multlply( a. b) 

Input: a, b Inteiers 
retum: product oC a and b 

a\ b x· DC DK 

x a*b a DK 

DC b DC OK 

DK DK DI( DK 

• 



,0 

l' 

o 
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subtraet( a, b) 
Input: a, b Inteltera 
return: dl1l'erenee or a and b 

a\ b x De OK 

x a-b a Dl< 

De -b De OK 

DK DK OK Dl( 

dIvlde( a, b) 
Input: a, b Intèlters 
retum: quotient or a by b 

a\ b x De DK 

x a/b a OK 

De lib De DK 

DK. DK DK DK 

modulo( a, b) 
Input: a. b intelers 
retum: remalnder or the division or a by b 

a\ b 

x 

De 

OK 

neitateJnteier( a) 
input: a Inteier 

x 

amod b 

1 mod b 

OK 

return: produet or a bY-l 

a x OC 

De OK 

a OK 

De OK 

DK OK 

DI< 

\ 

l 

i • 



max( a, b) 
input: 
return: 

mln( a, b) 
input: 
retum: 

abaolute( a) 
Input: 
retum: 

---

a, b intecers " 
billest or a and b 

a\ b x 

x a maxb 

oc 

OK 

a, b lntecers 
smallest or a and b 

i' 

a\ b 

" 

b 

DK 

x 

x a min b 

DC b 

OK DK 

a intecer 
absolute value or a 

a x De 

Ixl IDe 

nelate_boolean( a) 
input: a boolean 
retum: nelatlon of a 

a x De 

l - x 1 De 

De OK 

a OK 

De OK 

DK OK 

De OK 

a 'OK 

De DK 

DI( DK 

DI( 

1 
DK 

DK 

1 DK 1 

____________ ~ ___ " ___ ...__ _______ .... M ___ ________ ~-~:-- ~---- ---~-

( 

.\ 

" -- -~ - ~ - -- ---- - -- Î 



o 

o 

power( a, b) 
Input: a, b lntecers 
retUQ1: a ralsed to the power b 

a\ b x DC 

x a**b a 

DC OC DC 

OK OK OK 

lsknown( type, s) 
Input: type la an Inte~~~~ a strln, 
return: result of compac~ s wlth OK 

(of approprlate jitpe) 

-134-

DK 

DK 

DK 

DIC' 

s x DC OK 

and( a, b) 
Înput: 
return: 

or( a, b) 
Input: 
return: 

a, b booleans 
lopcal and of a and b 

a\ b F T OC 

F F F F 

T F T T 

DC F T OC 

DK F OK OK 

a, b boolean.s 
logical or of a and b 

a\ b F T DC 

F F T F 

T T T T 

DC F T OC 

DK OK T OK 

OK 

F 

OK 

OK 

OK 

OK 

OK 

T 

OK 

OK 
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compare( op, a, b) 

C \!lput: a, ~ both loteiers or,5trinp 
op: one or EQ, NE. LT. GT. LE or GE 

retum: a op b aecordln~ to the tables below 

case EQ 

51\52 x OC OK 
--' 

x si EQ 152 F OK 

OC - F T F" p 

DK OK F OK 

....- ) 
'1 

" ~ -'" 
case NE 

81\52 x OC DK 

x 51 NE 52 T DK 

DC T F T 

DK OK T DK 

\\ 

\. 
case LT or GT 

- / 

51\52 x DC DK 

X si op 52 DC DI< 

DC DC F DC 

DK DK DC DK 

.. 
case LE or GE 

-51\52 x DC DK 

X 151 op 52 F DK 

DC F T F 
J? , , 

DK DK F DK 

'. 
< 

" ~v.;"'~~-- -
~.~~ .. ;' 
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CHAPTERVI 

RELATIONAL ALGEBRA IMPLEMENTATION 

In thls chapter w.s. descrlbe the Implementation of the various operations or the 

relatlonal alieora ln terms of the basic components lntroduced ln chapter IV: System Overview. 

These operations have been Implemented as a collection of functlons or procedures wrltten ln the 

pl'Ocrammlng language C. We already saw bow these functions or procedures were Invokeq by the 

Interpreter. We glve the maln Unes of the algorlthms underlylng these functlons or procedures Inter-

mlxed with statements ln C 50 tbat it can be used as part of a programmer"s manua\. 

PROJEeT 

... 
PI'OJect creates a new relation by proJ.ectini a relation. of Index R. on domUat. a 

Unked Ust or domaln Indexes. The parser has alreadY checked that there Is no expression amoni 
.1 

these domalns. but names only. It remalns ta check tbat R lB deOned on these domalrus. Sort lB 

used ta ellmlnate dupl1cates which May be produced when attrlbutes are removed. So. the resultlni 

relàtlon ls sorted on domllst. 

ProJect lB lavoked not only by the Interpreter but also by the followtng routines 

(descrlbed below): l1st_actuallze. ta remove the domains whlch have been created by the actuallza-

tlon process but were not speclOed by the user ln the proJect llst; Increment. ta remove from the 

rtiht operand any domaln not appearlng ln the lert one; rename_lncrement. ta trlm down elther 

operand accordlng ta the domaln IlBts specUled by the user. 

proJect( domllst. R) 
Input: doml1st llnked llst of domaln Indexes 

R relation Index 

retum: 
result.,..R. Index of relation obtalned 
when proJe\t1ni R on domllst 

method: 
1t domllst ls empty 

return Index or NULL relation (no domalns, no tuples). 

o 
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tise 
( 1) create result...R, the result.lnc relat.lon 

( 2) set t.uple..sue or reault~ to suxn or lencth or 
domatna ln do mUst 

( 3) set ntuples or res~lt.~ to number or t.uplea or R 

( <A) set domllst and sortllst or result....R to domllat. 

( 6) lenith- sum or t.he lenith or the domalns ln domllst 

( 8) malee an allas out. or R and domllat; 
reUndex''''' the Index or tbat allas; 
copy InCo ln rd_ and reLtable from R to rel_Index; 

(7 A) Ir nelt.her relation ~elJndex nor R are ln core 
( a) cet. storace ror R and read lt ln, thus: 

CreeleC R); 
I- Icrel,Jet.( R, rel_tuple-fllze( R»; 
lcrel..,ftll( R, 1); 

( b) cet memory Cor the ~8Jrs or Iptr, kptr pointers; 
one pair Cor e~h t.uple or R 

( c) cet memor)' to store the result: 
J- lcrel..let( reUndex, lenith); 

( d) at thls point we are done wlth clalmlnc storale; 
we unlock the pales rot R and rel_Index: 

untreeze( R); untreeze( reUndex); 

( e) if domllst 1s a pretlx or rel_sortllst( R) 
(no "rt la needed) 
-set. e&Ch kpt.r to t.he key extracted 

Crom the correspondlnl tuple: 

else 

, ptrs[ 1). kptr== cetJtey( IcreUtne( J, 1), 
R, I, l, domllst, lencth); 

-set e&Ch kpt.r to the key extracted from the 
correspondinc t.uple as above; however conven 
&DY necatlve lnteler to Its o-complement 
berore extractlni the key and arter sortini: 

_O_s_complement( R, 1. domllst); 

ptrs[ 1). kptr= let._key( IcreUlne( J, 1), R, 
l, l, domllst. lenith); 

qulc~sort( 0, rel_ntuples( R) - 1); 



o 

--

o 

--. 

--
-let the projeeted tuples ln order: 

strcpy( lerelJlne( l, 1), ptrs!l)" kptr); 

, 1 
-Cree the pairs oC kptr, Iptr 
-set. lerel_tor_rel! RI te NEGATIVE 

(TB) else v 

(R or rel.Jndex la I~ lcrel 1) il 

let the projecGed tuple uslnl iet.)cey: 

-138- o 

o 

(, 

(f 

strcpy( lereIJ1né( l, 1), \'J 

let.Jcey( tUPI~, R, l, l, domllst, lenlth»; 

'-', ___ -" (8) flac projecteq,. lch are dupUcate" 
- __ *)ereUlI)é{ l, t)= '\0'; 

.. 

, 

( 0) let J be t,e number ot non-dupllcates: 
" chanle..ntuples( res, J); 

1 

(10) ~r~ult te ~k: 
( / lcreCflush( res, l, reLntuples( R»; 
'-' 

(11) set lcrelJorJel[ relJndex) and 
IcrelJorJel[ res] ta NEGATIVE 

2" ,( 

~ ,1'" 

') 

(l 

Il 
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Select creates a new relation from a relation, oC Index R·1n reCtable, and a boole-

an domain oC Index"D ln dom_table. Only the tuples evaluatlnr; ta true Cor D ln R partlclpate ln the 

€fI )-
result. D la a domaln elthean whlch R 15 deftned or actuallzable ln R. The resultinr; relation 15 

deftned on the same domalns as R. When D must be actuallzed ln R all domalns, lncludlng D, 

created throulth the actuallzatlcn process are removed once the select operation has been' done. 

selecte D, R) 
Input: D Index oC boolean domaln on whlch te select 

R operand relation 

.. retum: 
tempR Index oC result relation 

method: 
( 1) create t.empR, the resultlnr; relation 

( 2) copy inCo ln rd_ and rel_table tJ«m R ta tempR 

,l! 

( 4) ftnd J!!e sile or a tuple once an the domalns , 
needed ta evaluate D have been actuallzed:. < 

-mark all domains as unvlsited 
-r9' each do main reachable trom D 

add exactly once lts lenltth ta 

tuple.-s1ze oC tempR \ 

(SA) 1t D la a vlrtual domaln ln R 
-read ln R: '-,' 

treele( tempR); 
1- lcrel..let( tempR. rel_tuple..slze( tempR»; 
Icrel...tnl( R, 1); 

-actuallle D in tempR: 
actual1Je( D, &tempR, &1); 

-D la the last domaln actuallzed: 
testpœ""'" rel_tuple..slze( tempR) - 1 

-tempR la now deftned on sJl the domalns 
lnltially ln R plus those created ta evaluate D; 
ellm1nate these trom doml18t or tempR: 

chanr;e_domllst( tempR. 
copy JndexJ1st( reLdomllst( R»)~ 

() 

J " 

" , 

. " 
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-sort order of tempR ls undeflned: 
chlùlie.-sortllst( tempR, lndexJlst_allocate()): 

(SB) else 
(D 18 actual ln R) 
-If not already ln core, ~ad ln R: 

treeze( R); 
U« 1 .... lcrelJor_rel[ RI) ===- NEGATM){ 

1== lcrel..,.iet( R, rel_tuple_slze( R)); 
lcrel...flll( R, 1): 

unfreeze( R): 
set Icrel_for_rel( R) to NEGATIVE 

~cet pœltlon of D ln R: i 

testpos= r(Cdom-pos( R, D); 

( 6) for each tup~e ln Icrel 1 
If D was virtual ln R 

prune ail the domalns not orlCinally ln R: 
lcrelJlne( l, 1)( t5lze)- • \0·; 

If D ls not TRUE 
fl8i tuple as deleted: 

*lcreUlne( ,,1, 1)== • \0' ; 
Ij 

( 7) let J be the number of tuples satlsf'Yini the 
selection crlterlon: 

chanie..ntuples( tempR, J); , 

, 8) wrlte relation tem~R to dlsk: 
lcrel...flush( tempR, 1. rel..,ntuples( R)); 

. ( 9) set lCnllJorJel[ tempR] to NEqATIVE 

, 
" 

? 

(1 " 1 \ 
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LIST..ACTUALIZE 1 
\ 

\ 

Llat_aetuallze creates a new relation from a Lllelatlon. oC Index R ln ~el_table. and 

domUat, a l1nked l1st oC domaln Indexes. The parser ha:! detected that at least one do main ln dom-

llst may be vlrtualln R. We check Orst that. Indeed. at least one domaln ls vlrtual ln R. The result 

relation, S, conslsts oC alI the tuples oC R. eaeh tuple aultmented wlth the vaNes Cor the vlrtual 

domalns. Each domaln must be actuallzable ln R. It ,may be seen as an Inverse ptoJect operation. , 

AIs alreadY mentloned. any domaIn may be seen as the root oC an expression tree. 

Ir a domaln ls constant or actuaI. the tree cons1s~ oC a single node: the domaln ItseiC. Otherwlse. 

the tree ls non-trivial and May overlap sorne other expression trees. ThereCore, domllst May be seen 

,/ as a Corest. ot p088lbly overlapplnlt expression trees. ~ the Corest 1s vlslted. we mark the domains. 

Hence, any domaln .. ls actuaUzed at Most once. For each domaln in domUst, l1st_actuallze calls the 
\./ 

recurslve procedure actuallze. 

Extra domalns. I.e. domaIns not appearlnlt ln domllst, May be created by the ac-

tuallzatlon proceaa. Hence. we retum the result oC the projection or S on domllst ln order ta eUm-

" 
Inate these extra domalna. 

l1st_aetuaUze( domllst, R) 
Input: domllst llnked list or domaln indexes 

R relation Index 

retum: < 

S, Index ot relation obtaIned when actuallzlng <Ïomllst ln R; 
/ 

method: 
'; 

( Il, compute slze: the wldth or a tuple or R aultmented 
with alI the values obtained when actuallzlog 1. 

exactlY ~nce all the domalns ln the trees . 
, -

rooted ln domllat: 
-mark unvlslted all domalns 
-Cor each domaln reachable Crom members ot doml1st 

add exactly once lts length ta slze 

( 2) create S. the resultlng relation 

( 3) copy InCo ln r~ and rel_table from R to S 
.0 

'", '- ( 4) set cuple_sile oC S ta sile 
./ <' 

.- , 

cl 
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( li) brin, R lnto memory: 
treeze( S); 
1- lcreLlet( S, slze); 
lcreUlll( R, 1); 

( 0) ror each vlrtual domaln, DD, ln domlbt. 
actuallze DD ln S ln 1: 

actuallze( DD. &:S. &:1); 

.. 

( 7) el1mlnate Intermedlate domalns obtalned throuch the 
actuallzatlon process and whlch appear nelther ln 
rel_domllst( R) nor ln domUst: 

-append ta domllst ail the domalns on 
whlch R ls deftned 

-S= project( domllst. S); 

( 8) wrlte result ta dlsk: 
lcrel.Jlush( S. l, rel_ntuples( R}); 

( 0) unCreeze( S): 

\l ... ~~l\-~}'~ •• ~;;f~l ~~-~"~~ Ll.""'';;l.,>- \ r;~ - . I~r,;~ 

~1i& olt (1 ,-,,' 

... \ 

'* 

j 
"_" ""_~ ___ " ___ ~ ______________________ -ot 
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ACTUALIZE 

, 
Glven the. vlr&ual domaln ot Index D, the relation or Index R, polnted to by 

ptr..,.R and contalned ln the Icrel polnted ïObY ptrJ, actual1ze computes for each tuple the value of 

D ln R. Ir ~ la deftned on D then we retum to the call1ng routine. Otherwlse, we actuallze the leCt 

operand ot D through a recul'3lvC'. caU. Ir D ls detlned ln terms ot a blnary or tèrnary operator or If 
,~ 0 1 

It 1s a vertical domaln 8.SI!Ociated with a by _Hat or an orderJlst. then recurslve caUs are al50 used 

to actuallze the other operands. The caUs are lssued 50 that the tree rooted at D la vlslted ln a 

preorder tashlon. 

Pointers are used to pass the relation and Icrel Indexes slnce actuallzlng may le-

qulre the sortlng ot R whlch may create an allas and store the allas ln a new Icrel. 
1 -

~\ 

ac,tuallze( D, ptr...,R, ptr_I) 
Input: D Index or vlrtual domaln , 

ptr...,R 
ptrJ 

pofnter to relation Index 
pointer to Icrel 

(lA) If D l.s not vlrtual ln *ptr..,R 
return 

(lB) else 
Ir D ls not a constant do main 

actuallze the ftrst operand domaln: 
actuallze( dom_opndl( D), ptr..,.R, ptrJ); 

(2A) Ir D 1s a 2-operand domain 
actuallze the second domaln: 

actuallze( dom_opnd2( D), ptr~, ptrJ); 

(2B) else 
(3A.) Ir D 1s a vertical domaln 

lt dOIp ... operator( D) l.s equlv or par 
for lihch d ln dom_by _lIste D) 

actuallze( d, ptr..R. ptrJ); 

~ lt dOID-operator( D) ls !un or par 
Cor each d ln dODLorderJlst( D) 

actuallze( d, ptr..R. ptrJ); 

.. 

--
\1 

1 
6 

l,~ 

\ 
-,' 
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(38) else 
Ir D la a 3-operand domaln 

actuallze the second dom~: 
actuallze( dom_opnd2( D), ptr.."R. ptrJ); 

actuallze the thlrd domaln (stored ln header 
\ node or by_lIst): 

actuallze( .dom_byJlst( D), ptr.."R, ptr_I); 

-If D Is detlned throuih a RENAME ln terms or 
a constant domaln 

modU'y accordlngly domllst ln ptr..R: 
lndexJIst_chanie( rel_domllat( *ptr.."R), 

dom_opndl( D), D); 
else 

compute)lld append value ror D: 
tuple_actuallze( D, ptr_R, ptrJ); 

-append D to domllst or .ptr..R 

-

• , 

" 

1 • 

" ' 

.. 

u 1,\ 

\\ 
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RENAMEJNCREMENT 

Mter execu'lon oC the Collowlng routine, the domllst oC R wlll have been replac~d 

br the doml1at suppUed br 'he user. The routine also completes a renamlng or renamlng Incremen-

ta! asalpmen,. In the Orst case, the procedure rename 1s lnvoked. In the second case, lt Ria new a 

mere assllDment 1s perCormed. Otherwlse, the routine Increment completes the work. 
Il 

rename..tncrement( R, domllst-.R. S, domllst_S, opcode) 

l' 

Input: R and S relation Indexes 
domllst...R( or S) Unked Ilst oC domaln Indexes 
ope ode elther RENAME or RENAMEJNCREMENT 

method: 
proJect S on domllst_S: 
S- project( domllst_S. S) 

Ir·opcode == RENAME 
cbange_domUst( R, domllst-.R) 
rename( R, S) 

else 
Ir R ls a new relation 

aasllD( R, S) 
ehange_domllst( R, domllst-.R) 
ebange_l5Ortllst( R. IndexJlst_allocate(» 

else 

" 

proJect R on domllst-.R 
Increment( R, S) 

1.-
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ASSIGN " 

The CoUowlni routine completes a simple asslinment. The relation or Index R wlU 

be Identlcal to the relation or index S. S 1s deleted Ir It 1s a temporary relation. 

asslgn( R. S) 
Input: R and S relation Indexes 

method: ,/ 

-copy all In!o ln rd_ and rel_table (rom S to R 
-make a copy or rue S under the name R 
-reset IcreIJof_rel[ RI to NEGATIVE 

-INCREMENT 

The Collowlni completes an Incremental assliQment. The fUe ror R ls replaced by 

the concatenation or the cùrrent, flle ror R and the 'tlle ror S. R ls proJected 9,n Its domllst to eUm-

Inate &DY dupllcates created by the concatenation operation. 

Increment( R. S) 
Input: R and S relation Indexès 

method: 
-append flle Cor S to the one ror R 
-proJect R on 1ts domalns to el1m1nate dupUcates: 

T- pro.tect( rel_domllst( R). R); 
-asslp( R. T); 

Q 

,,' 
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RENAME 

The tollowtnl. called by renameJncrement. pertorms the book-keeplnl necessary 

ln order to complete a renamlnl operation. 

rename( R. S) 
lnput: R and 5 relation Indexes 

method: 
-set ntuples of R based on ntuples of 5 
-set tuple..slze of R based on tupleJI~ot S 

-reset rd_ and reCtable entries for R: 
reset_count( R); 
reset_dom.J)08( R); 

-chanle sortUst or R to lta domllst 
-make a copy or Die S under the name R 
-reset lcreUor_rel[ RI to NEGATIVE 

" ' 

, J 

-

\~ 
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chapter vn 

VIEW EVALUATION 

In tbls cbapter we ,Ive t.he algorlthms used to evaluate recurslvely denned rela-

\ tlons. Our solution l.s generaI ln t.hat It works for all the vlews that, a user can detlne ln Aldat 

whetber they are recurslve or not. A base relation Is a relat.lon currently eXistlng ln the database. 

The evaluatlon of a vlew produces a base relation. We repeat here the syntax to denne a vlew. 

<view-statement> ::= 

<identifler> ( Initial <relatlonal-expresslon> 1 E) 

ls <relatlonal-expresslon> 

The rules for <Idattlfler> and <relatlonal-expresslon> have been lIluatrated 

many tlmes ln chapter m. As weIl, the same chapter m explalns the usefulness of the InitIal op-

tion. 

Recall that the relation PARENT Is deflned on SENIOR and JUNIOR whlch are 

domalns of type string and length 18. Ir "e.dward N ellzabeth of york" 15 a tuple of 

PARENT, it Indlcates that edward IV is a parent of ellzabeth of york. We already mentloned that 

ln order to tlnd for any two persons whether one is a descendant' of the other It sumces to compute 

ANCESTOR, the transitive closure of PARENT. We have the rollowlng: 

relation ANCESTOR ( SENIOR, JUNIOR); 

ANCESTOR Is PARENT [ ujoln 1 

( ANCESTOR [ JUNIOR !comp SENIOR) ANCESTOR) 

where Icomp Is the natural composition. ) 

Recall the deferred evaluatlon mode characterlzlng a vlew statement. Tbat 15, 

when the user enters such a statement Intermediate code 15 generated. The Interpreter wlll evalu­

ate the code only when the user trlggers the evaluatlon process. That Is, whenever ANCESTOR l.s 

used ln an executable stateme~t or the user enters pr!!ANCEST~R. Notice the declaratlon of 

ANCESTOR as belng deflned on SENIOR and JUNIOR. Recall that thl!! 15 mandatory Cor recul'­

Sively detlned relations because the attrlbutes of such a vlew can not be determlned by the parser. 

" 
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An alternative la to use 'he Initial option. 

c Merrett !MERR84bJ has sUigested that ANCESTOR deftned above Is easUy lm-

plemented as the Iterative loop: 

ANCESTOR <- PARENT; 

repeat 

TEST <- ANCESTOR; 

ANCESTOR < - PARENT [ ujoln ) 

( ANCESTOR [ JUNIOR Icomp SENIOR] ANCESTOR); 

untll( TEST == ANCESrOR); 

Let us con.slder ~ more lnvolved example. We use a slmpllfted syntaX ln order to 

avold clutterlni up the presentation wlth detalls lrrelevant ta the discussion. ln p&rtlcular, we do 

n~t speclty on whlch attrlbutes the vlews are deftned. 

Vis rel...exp( W, X); W Is rel_exp( A, Z, X); 

Z ls reCexp( A, Y); y ls rel_exP( W, B); 

X ls rel_exp( Q, B); Q 15 rel_exp( A, T); 

The Orst one lndlcates that V ls deftned 10 terms of W and X, typlcally through a 

p-Joln or a O'-Joln. Assume that A, B and C are base relations. 

Observe that sorne views are deftned in terms of each other. We already saw a re-

latlon, ANCESTOR. deftned ln terms or ltaelr. A cl05er look at the example reveals that X Is 

deftned ln terms of Q, Q 10 terms of T and Tin terms of X. That Is, X ls recurslvely deftned and 50 

are Q and T. In su ch a case, we say that the recurslon Is Indirect whereas ln the case of ANCES-

TOR we say that It Is direct. 

A collection of vlew deftnltlons de termines a dlrected graph, say G, where the 

• vertlces are the relations ln the database and an edge, say RS, from vertex R to vertex S lndlcates 

'",,1 
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that the vlew R Is deftned on S, or, more speelJleally, that S appears ln t.he relat.lonal expressl9n 

• deftnlni R. If we are to use the It.eratlve proeess deserlbed above, then X. Q and T must be 

evaluated slmultaneously. 

relleat 

TEST..,;x: <-X; 

untn( TEST...JC = X and TES,T_Q = Q and TEST_T = T) 

This wouId work flne. had one or x. Q and T been used ln an exeeutable state-

ment. Simllarly, W, y and Z are deflned ln terms oC eaeh other and sueh a mechanlsm wou Id be 

adequate. However, If the evaluatlon oC V were trlggered this would not qulte work because V 

depends on X (and Indlrectly on Q and T) but X does not depend on V. 

Therefore, whenever a view appears ln an executable statement we 

1.- determlne all the vlews on which it depends; 

2.- determlne whlch views are mutually recurslve; 

3.- determlne in whlch order the vlews must be evaluated; 

".- repeat the Iterative proeess glven above Cor each vlew, evaluatlni slmultaneously the 

vlews whlch are mutually recursive. 

Step 1. 2 and 3 are aehleved by ftndlng the maximal components or G. 

Definition: we ealI strongly conneeted component or a dlrected graph a maximal set oC verttees 
" 

such that there ls a path between any two vertlces ln the set. ! 

Algorlthm FSCC: ftnd strongly conneeted components 

• 1.- Pertorm a depth Orst seareh oC Gand number the vertlees ln order oC completlon or 



-

c 

- .... 

• 

the recurslve calls. 

2.- Coutruet a new dlrected iraph, GR, by revers1n~ the direction oC every arc ln G. 

3.- Pertorm a depth tlrst search ot GR startlni !rom the hlghest numbeted vertex and ac-

cordIn, to the numberin, tound at step 2. Ir not aIl venlces are reached start the next 

,li' 
depth tlrst search Crom the hlghest numbered remalnlng vertex. 

This allorithm ls taken trom [ARO 83]. Implementations oC algorithms to per-

.. 
torm depth 1lnst seareh and de termine strongly connected components are rather mundane. Hence, 

we wUl not dwell mueh on ours. RecaIl that an entry ot rel_table comprises the Collowing 1lelds, the 

tlrst two arenon-empty Cor news only: 

stan index in memory ~ay oC intermedlate code; 
pointa to the bednnlni oC the code correspondln~ 
ta the relatlonal expression definlng the vlew V. 

deftnes 

l') 

Unked llst ot relation indexes appeartnl ln 
the relatlonal expression for the vlew V. 

llnked llst oC relation Indexes deftned by a 
relatlonal expression ln whlch V appears 
(ln this case, V need not be a vlew). 

The ~aph G Is descrlbed by detlned_on, GR by detlnes. GR, 50 obtalned, ls ac-

tually bl"er than needed but tt con tains as a subil"aph ail the verttces and ed,es ot lnterest. 1'bJs. 
, 

because we need ta conslder ooly the relations vlslted durln, FSCC step 1 whereas GR may eontaln 

seme veniees w~ch have not been vlsited dUring that step. The llsts detlned_on and detines 'are 

bullt at parse time. Let 118 pursue our example: 

1 

- 1 
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Q. W, Z 

B X,Y 

C T 

n Q A.T S,X 

s Q.W 

T C.X Q 

\ , 

v W.X 

W A.X. Z S, V, Y 

x B.Q T,V,W 

y B.W Z 
t 

Z A,Y W 

Each tlme FSCC step 3 Ls perCormed. we bulld a llst oC the vlews revlslted. Eaeh 

llst ls a stronlly connected component oC G. We store these llsta ln tree whleh la an arr&y oC 

lndeXJ1st, a data type descrlbed ln chapter IV (section c). Suppose that the~ evaluatlon oC V la tril-
Co, 
17 

lered. Tree would contaln six llsta. 

tree: 0 1 2 3 4 5 

V W X C B A 

"" Y T 

Z Q 

1.- The Il"aph G contalns only the vertlces appeartnl ln tree. That Is, the vertlces whleb 

cao be reached by Collowlnlt edites comlnl out oC V. These are the relations on wblcb 

V depends. However GR contalns aise the vlew S slnee S la reached when we conslder 

the elements oC the deftnes lista oC W and Q. 

2.- Base relations occur by themselves slnce they do not depend on any other relat.loDS. 

3.- The orderlni 1s Dot unique. However. the aliorlthm iUarantees tbat ail tbe relations 
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• 
deftning, dlrectly or not, a vlew appear on the rlght of the vlew ln tree . 

4.- Slnce a Ilst ls a strongly connected component, If It comprises a vlew then It contalns 
\J 

all the vlews whlch are mutually recurslve wlth It and only these~ 

The rollowlng procedure completes the Implementatlo~_ or the mechanlsm to 

evaluate vlews. It Is called each tt~e the interpreter ls about· to pop a relation rrom the run tlme 

stack. It checlcs whether the top element or the run tlme stack 1s a vlew. Ir 80, the strongly con-

" nected components are determlned. Step 4 descrlbed above ls perrormed for each element of trêe, ...-
startlng wlth the rlghtmost. 

The determlnatlon or the strongly connected component5 requlres to mark t~ __ 

vertlces as viliited, revlslted and 50 on. We use ror that purpose arrays of Inte~ers, each comprlslng 

MAXJtEL entrles. We mention rank_or.Jnltlal. It ls u.sed to store the number assllPled tÔ a vertex - , . , 
I"J 

. durtng FSCC step 1. It ls later used to store the lItartln~ address oC the code correspondlng ta the 

relatlonal expression ln the lnitlal option or the vlews. It S ls a vlew defined wlth the initial option, 
"' \ l, 

the addresa or .~he correspondlng code ls saved ln rank_orJnltla1[ S1 and the start. field oC S changed 

'< sa as to point to tJie code denntng the vle"-. "Ya r~lItore the start field or S once S has been evaluat-

.. 

ed. Thua, each tlme the evaluatlon of S ls trlggered, the initial code ls reevaluated exactly once as 

clalmed ln chapter m. We use testJel, an array or ~L Integers. to store the index in 

reL table or thè TEST relations, one per vlew. mentloned above. 

poP,jUl<Leval.JC_vlew{ S) 

-

input: S pointer to ruD_tlme.JItack 
return: top element oC run_t1me..stack aCter popplng It 

and trlggerlng Its ~valuatlon tr It ls a vlew 

method:' 
-R- pope S) 
lt R Is not a vlew or 
we are already eValuatlng another vlew 

return( R) 

o 

. " 
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elae 
( 1) Cor each relation S ln reL table reset Oal: 

ranlc_orJnltlal[ SI=;: NEGA':l'IVE; 

( 2) nlhtmœt== ftnd_strondY _çonnected_components( R) 
, , 

( 3) Cor each relation S ln rel_table reset naiS: 
rank_or_lnltlal[ SI= NEGATIVE; 
testJel[ Sl== NEGATIVE; 

( 4) Cor each T ln tree startin-C wlth the rllhtmost 

( a) current ... T_done <- FALSE 

- ( b) ror 'each relation S ln T 
lt S la not a vlew 

eurrent_T_done <- TRUE 
iOto ( 5) 

else 
test~l[' S1- make_testJel( S): 

( c) repeat . 
Cor each relation S ln T 

TEST_S <- S: 
assllD( testJel[ S1, S); 

Cor each relation S ln T 
evaluate S: 
Interpreter( rel_stan( S»; 

Cor each'relatlon S ln T 
compare S with TEST_S: 

1C not relatioDS_are_equal( testJelr S1, S) ~ 
'!" current_T_done== FALSE 

( 6) already _evaluatlng= F"ALSE; 

( 6) .-estore start oC vlew deftned wlth Initial 
option Cor Curther '~se oC the view: 

c.hange_start( S, rank_orJnttlal[ SI); • 

( 7) dele~ test rel 

( 8) retum( R) 

" 

, " 

, ' 
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LI 

RELA TIONS....AR E..E QUALO 
a 

The foUowinr; performa rela.tion eomparisons. Two re-

latlons, R-and S, are equal lt an'd only if they are déflned on the same at­
o 

tributu and eontaln the same tuples up ta a reorderlni oC the Unes 

and/or the eoÎum.ns. 
\} 

relatloDS_&re_equal( R, S) 
Input: R and S. Indexes ln reLtable 

ret.urn: TRUE 1ft' relations R and S are equal 

metbod: 

IfR:- S 

return: TRUE ta relations R and S are equal -

"!. 

1f reLntuples( R) 1== rel,Jltuples( S) 
return( FALSE) 

1 

I( rel--.rtt.y( R) 1- rel_arity( S) 
_ return( FALSE) 

1f &DY domaln of R 18 n~ a domaln of S or vice Versa 
return( FALSE) 

proJect both R and S on a eommon orderlnK 
of thelr attrlbutes; say domllst of R: 

UlIP1( R,'proJect( rel_domllst( R), R»; 
alSlSip( S. proJect( rel_domlist( R), _ S)): 

If thelr correspondinr; tUes dUrer 
return( FALSE) 

dlse 
return( TRUE) 

," 
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The tollowlnC. ilven an Index R ln reLtable. makea a 

unique name. tnaerts lt ln rel_table and returns the correspondlng Index. 

make_teatftl( R) 
input: R. index in rel_table 

~ 1 

return: index oC a test-relation correspondlng te R 

method: -make a name llke (assume R==- 11) test.l1 

-lnsert lt ln rel_table and return Its index 

! -

• 

l' 

''.>' 
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chap~er vm 

ERROR HANDLING Il 

V 
Aa men~loned prevlously, reUx can opera~e ln elther one ot ~wo modes wlth 

respect ta errors: Interactive or batch mode. ,Errors taU ln one or the tour rollowlnC classes: 

W ARNING: reUx has detected somethlng whlch 1.s not absolutely regular, but whlch Is 

very unllkely ta Cattft'"lmy problem. 

Example: when entenng a llst ot domaIns, a glven domaIn has been specUled more than 
~ 

1 
once; a tlle con tains Cewer tuples (or one ot Its tùples seems longer) than 'expect-

ed; ~perattons are attempted on doms;Jns o( type rea.l; a user-speclflecl Identifier 1.s 

tao long and truncated. ,. 

ERROR: rellx ls experienclng some d1mcultles. However, It expects ta be able ta resume' 

processlng correctly. Some resuJts May be lost, bu~pperaUoDS not dependlng on 

tbem can stUI be carrled out. 

, -
Example: rellx can not open a tlle ror wrltlng: reUx cao not redlrect the standard Input ta 

a U5er--speclfled file; the parser encounters an Invalld taken. 

con~~. SEVERE: reUx has encountered somethlnc whlcb 1.s clearly lllegal. , 

tbe current statement, although physlcally possible. Is unllkely ta produce any 

va11d result. ~, ... ' ) 

~ 
Example: division by 3ero; arlthmetlc overfiow; mlsmatch ot domaln type ln a ~oma1n ex-

pression; system table overfiow; syntax error (see below). 
" 

CATASTROPHE: at thls level, not ooly Is keeplng on processlng meanlngless, but also, 

Impossible: some rellx data structures have probably been da.maced, and 

dancerous: some nIes May get corrupted. 

Example: no memory avallable (or result or operand relation; standard Input cao not be 

red1rected ta the terminal; reUx bugs (see below)î 

l 
) 
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Syntax errora cOlUJtltute a maJor sourçe or SEVERE eITOI'3. The parser used by 

reUx, althou,h powerful hi many respects, can Ju:st not handle any wronl sta.tements Uke 

let let 
AbeB + C 
R <- [[ A, Blin S 

\ 

(the flrst let must be rollowed by name); 
(be must be preceded by let); 
([ 18 mlsplaced) 

When comp1llng a multl-statement proll'am and a serlous error occun. compilera 

operatlng ln batch mode use the, Collowlng approach: no more code Is generated, parslng oC the 

remalJ;llng statements 1s attempted ln ·order ta l'roduce as much useCUI Information ~ possible. In 

our interactive settlng, we adapt tbls as Collows: Ignore the current (erroneous <statement), reset the 

parser ta Its Initial state anA. let tbe nèxt statement. Changes made 00 extemal (00 the parser), 110-

bal data structure~ llke REL and DOM are Dot undone. Hence, the neJet statements may produce 

results of dublous value. Last, but not least, a reUx bug will generate, usually and hopeCully, a CA-

TASTROPHE trap. Tbe user may then report any such problems ta the people ln charl(e or 

maintenance. 

ReUx keeps a tally 'of the 10 (Input/output) operations perCormed. Whenever an 

'.3 

error occurs reUx Issues an explanaoory message and records the "mast serloWi level of error encoun-

tered. Whenever an 10 request ls lssued, reUx perCorms the rollowlng: . ~ 

Ir mode 1s interactive 
-return 

otherwlse 
Ir levells ERROR,or SEVERE 

-abort Ir the threshold or 10 operations ror 
that level has been, reache(l' 

The thresholdS can not be changed by the user. They decrease wlth the Beverlty 

.of tbe related erron. ReUx tolerates many veniaI m18takes, more fJO than sertous olrenses. 

Error mess&ltcs bave 'tiihe Corm: 
, , 

"',1 ··ladt.c: Icrel.Jlll: no more data to read" 

w~* ladt.c' Is the name of a reUx source code tue, Icrel.Jlll la the name of the Cunctlon where the 
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error hu been detected and "no more data te read" la a tentative explanatlon oC what moat l'rob-

\"1 abl)' happened. ID thla case, the relation fUe contalned Cewer tuples than expected. 

Q 
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CHAPTERIX 

CONCLUSION 

This thesl.s has outllned the deslill and Implementation of a new version of Alda.t. 

The design ls characterlzed by the followlng: 

1.- Aldat 1s presented as a stand-aJone programmln~ languace. The relation l.s tbe unique 
. ~ .4 

da~a structure avaUable to the user. The syntax ls simple. 

2.- The user can deflne vlews ln a natural way. OnlY mlnor additions to the 8Yllt8X, were 

needed. 

The resultlng system, reUx, l.s cbaracterlzed by the followtng: 

1.- RelatloIlB must be small enough 50 that the operanda or any operation of the relatlon-

al algebra can fit lnto prlmary memory. 

2.- Relations are stored as character data: Attrlbutes are of fixed-Ienctb. Hence, all thi , 

tuples or a glven relation have the same length. 

3.- The foUowing domain types are avallable: boolean, Integer and string (array of char-

acters). The do main algebra, Includlng null values, is Implemented. 

4.- The rOllowlng Ceatures or the relatlonal algebra are Implemented: proJect and select 

wtth actuallze; a wlde range of asslgnments. These operations have been Implemented 

ustng· sort techniques where approprlate. The p-Joln is aiso Implemented, but by a 

complementary work, not as a part of this thesls. 

5.- Evaluation of recurslvely detlned relations 18 supported. In partlcular, one can e88l1y 

comJ)ute the transitive closure oC a graph of whlch the edges are the tuples of a rela-

tlon. The user need not. and can not, use loop structures. These are1hldden ln tbe 

? lmplementation. 

6.- The system ls Interactive wlth a short respo~e tlme as Illustrated ln tbe followlng 
l. " 

seçtlon.. 

" 

/ 
Tbe Implementation ls hlghly portable from one UNIX system to anotber. -

. t~ 

o 

. , 
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a) SOME RESULTS 

We work w1th a database riamed CROSS..REF ln order to 11lustrate the response 

ttme that one can expect when uslni reUx. These tests have b~en reallzed on the Cadmos operatlnl 

ln 8lnlle-oser mode. 

-J. 
Doma1n Table;) CROSSJŒF 

Index Name Length Actual Type 

10 CALLER 40 T STRG ~ 
11 CALLEE 40 T STRG .. 

,12 FILE 15 T STRG 
13 FTYPÈ 10 T STRG 

FILE name oC a tUe contalnlng C-runctlons 
CALLER· Cunctlon ln the prevlous 
CALtEE Invoked by the prevlous 
FTYPE type oC the call1ng Cunctlon 

"" ' 
For iac~ example, we use three subsets oC the same relation. They dlfl'er ln the 

number .0C tuples: 100, 500 and '1611. To begln, we turn the UNIX flle XREF lnto a relation oC the 

same name deftned an the Collowlng domllst: FILE, FTYPE, CALLER and CALLEE. A tu pIe like 
l • 

~ . 

attribute name attn'bute value 

FD..E ' "ladt.c 
') 

FTYPE "lnt 
CALLER .. butrer..iet .. 
CALLEE .. enqueue.Jlrst_used • 

( 

Indlcates that the Cunetlon butrerJet returns an lnteger, ea.l.ls the Cunctlon enqueue.Jlrst_used and 

la round ln the tue ladt.e. 

RELATION XREF ( FILE, ~E, CALLER, CALLEE) <- XREF; 

We conslder two cases: first, the flle ls ordered aceordlng ta domllst; second, a 

• si!lile tuple Is out or order. Recall that thls ls the worst case Cor our so~t routine based on quiek-
, 

sort. Times are ilven ln seconds. 

" '. 
'J 
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100 600 . 1611 

O· sorted 1 13 46 

one out or order 3 30 166 

Let us conslder the followlng select operations: 

SMALLER <- where CALLER < CALLEE ln XREF; 

NOT~LER <- where CALLER >= CALLEE ln XREF; 

100 500 1611 

SMALLER (42) 2 (258) 7 (643) 30 

(58) 2 (262) 7 (968) 30 

We lndlcate between parentheses the number or tuples ln the resultln, relation. 

Observe that the COIUDUl5 add up to the number oC tuples ln XREF. The selection condltlona bein, 

qulte' simllar to each other explalns why It takes the same tlme to perCorm elther. 

We conslder now a proJect operation whlch requires us to sort the relation: 

INV..;xREF <- [ CALLEE, CALLER, FILE) ln XREF: 

100 500 1611 

(100) 3 (500) 16 (1611) 56 
, ' 

We flnlsh wlth a few vlrtual domaln deftnltlons and actuallzatlons. The Itrst a.ctu-

allzatlôn lB very Simple. It entalls a proJect operation whlch does not modlfY the sort order of the 

relation. 

. , let FRILL-A be .. / * .. ; , 

let FRILLJ3 be .. */"; 

FRn.LS <- [FRILL-A, FILE, FTYPE, CALLER, FRll..LJ311n XREF; u 
v 

• 
___ ct 
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100 500 1611 

FRnL~,1 ~_{2_2_)_4~_(8_7_)_15 __ ~(2_7_9)_4_3~ 

The second actuallzatlon counts the number oC tuples alP'eelni ln the FILE attri-

, bute. This one does not requlre a dUferent sort order elther. 

let COUNT be equlv + oC 1 by FILE; 

COUNT.ft <- 1 FILE, COUNT]ln XREF; 

-' 100 500 1611 

COUNT.ft (1) 6 (5) 30 (15) 105 

The last actuaUzatlon consldered numbers the tuples uslnl a. ditIerent sequence 

for each value oC the FILE attrlbute. Notice that the attrlbutes CALLER and CALLEE Corm ta-

lether a key oC XREF. That Is, any tuple 18 unlquely Identlfled by the values oC these two attrl-

butes. We permute them at w1ll 50 that reUx must perCorm ~any sorts ln order to produce the re<> 
ü 

que8ted re~lUlt. 

let NUMBER be par + or 1 order CALLER, CALLEE by FILE; 

NUMBER...,R <- 1 NUMBER, CALLEE, CALLER] ln XREF; 

100 500 1611 

NUMBER..R (100) 11 (500) 55 (1611) 195 

These results support our conclusion wlth respect to response Ume. That Is, a re-

latlon cau be processed wlth very acceptable a response tlme on the Cadmus, provlded It does not 

comprise more than a rew tens or kUobytes. Faster machines, llke the Masscomp and the Vax-180, 

sbould support the same response tlme Cor even blgger relations . 

<\ 
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b) LIMITATIONS AND FURTHER WORK 

Sorne reatures ot Aldat are not currently avallable. Furthermore, even Ir reUx 

presents a sattsCylng response Ume, some op.tlmlzatlons could be consldered. Hence the tollowlng 

points constltute areas where rurther work could be done. 

\ 
\ 

1.- When evaluatlng relattonal expressions. Iniermedlate results are wrlt.ten trom memory 

pages ta dlsk. This lB not necessary provlded a mechanlsm Is deslgned ln order ta 

wr1te out pages just betore t.hey are to be used tor some other relat.lons. or course. be-

tore termlnatlng executlon sorne pages may need to be saved on dlsk. It seems howev-

er that the probablllty or loslng results. say ln the case oC a system crash. Is "biner 

with such an approach than wlth ours. 

2.- A slmllar phenomenon occurs when evaluatlng recurslve relations. However. the 

volume ot these temporary relations Is qulte Impresslve. Recall the relation PARENT 

and the view ANCESTOR. When PARENT con tains flve consecutive ieneratlons. 

nearlY thlrty such relations are generat.ed ln order ta compute ANCESTOR. Since 

- thls evaluatlon has been buUt. on top ot our Implement.atlon oC proJect. select. an<! ac-, 

tuallze, one could study how these can be modlfied to reduce the bulk or sucb Int.er-

medlat.e results and Improve t.he overall response tlme. 

3.- As mentloned ln varlous places, many teatures can be added to,t,he current lmplemen-. , 

tat.lon. Wlth respect to the domain aIgebra, one could add procedures ln order to: rul./ 

ly support domains ot type real~ allow the user ta define hls own operations on 

, domalns; aIlow neW domaln types lIke chronologlcal. set, Interval and others. Work t:' 

underway by other lmplementors to add a relation al edltor and QT-selector t? the re-

latlonal algebra. Sorne work remalns to be done to complete the Implementation or 

the O'-JOlO. 

4.- ReUx rlepends heavlly on the assumptlon that the operands oC any relatlonal operation 

\ 
Ht Into main memory. One could study the changes ta make ln order ta remove that 

r~trlctlon. Only past the code generatlon phase are changes requlred. NaturaUy, the 

-~ ... - -
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elrect on the response tlme ahould be mini.:!lIed. 

\ 
5.- Attrlbutea or variable lenKth, 'Cor example those ~C type strlni, would provlde iL more 

flexible taol. In order te suppOrt these, the 1!xed-length tuple assumptlon must be 

dropped. It seéma that the modifications requlred are 50 slgnlflcant that a new ImpIe­
.,;. 
,\ 

mentatlon ahould be consldered. 

8.- It la not clear what use can be made oC recurslve]y deftned domalns. This ls an area 
L'.-; 

where more research la needed. M Car as Implementation ls concerned, It aeems that 

only mlnor modlftcatlons are requlred ln order ta support, at Ieast to some extent, 

that type oC recurslon. 

'1.- Most oC the rac1l1tlea supplled by UNIX are acceas1ble from wlthln reUx.· The Idea oC . , 

presentlnl reUx as an operatlni system bullt on top oC UNIX 1s appeallng from user 

and prolfammer potnts or vtew. On the other hand. a CtiBual data~ase user ls llkely to 

dealre tools to manaie the InCormatlon ln the database. The full power oC UNlX là not 

needed and user' s needs may be better served ln an envlronment apeclally taUored to 

provlde theae tools. 

.. 
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APPENDIXA 

ALDATG~ 

< prosram > ::= <command> 1 <statement> 

, , 
<colIlIlUpld> ::== APPENDJŒL,I BATCH 1 CREATEJ)OM 1 CREATE..REL 

DELJ)OM 1 DEL..REL 1 HELP 1 INPUT_FROM 

PRINTJŒL 1 QUIT 1 SAVE 1 SHELL 

SHOW J)OM 1 SH0'Y...!,ID 1 SHOW JŒL 

<statement> ::- <sbort_command> ';' 
Q 

< domaln·declaratlon > ';' 

<relatlon·declaratlon> ';' 
> • 

1 . <detln1tlon~tatement> ';' 

\' 
< execu~ble--statement> ';' 

, <v1ew·statement> ',' 

. . 
o 

;: "lL'l5' 

-
' . 



.' 

:' ... 

l 
( DEL-.R , PRINT-.R , SHOW J> 1 SHOW.ft ) <ldentlJler> 

<domaln-declaratlon > ::-

domaln < Identiller > < domain-type> 

---
<ldentUler> ::-

<letter51-<letter> , <d1pt> , '_'). 

<domain-type> ::-

boolean~ bool 'lnteset '-Inti, real , 1I0&t-

1 ( strlnll Strl) <d1l1t>+ 

<relatlon-declaratlon> ::=-. 

relation <Identifier> <4omain-l1st> 

, . 
( '<-' ( <ldentUler> 1 <non_dc_dk..strinC» 1 e) 

----:::-;-' -----

.. 
~~ ( '-

, . 

.. \, 

r ' 
-----:.J 

.1 

. 
~. 

------ -

. 
.' 

.~ 

\ 
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<deftnltlon-statement> :: .... 

let. <ldent11ler> be <domaln-expresslon>-

<domain-expression> ::= . 
< boolean-exp.,esalon > 

< domaln-expresslon > < ass-{com-op > .< domaln .. expre~lon > 

1 0 < domaln-eXpression > < other-bln-op > < domain-expression> 

.5~ction::name ~ 'C < domain-exyesslon> ~.~. 

, 0 

< unary-op > < domain-expression> 

1 red <ass-coÎn-op> oC < domaln-expresslon > 
\ '. 

1 equiv <ass-com-op> oC < domain-expression:; 

" . 
\ 

by <domain-Ust> 
-, 

1 fun <rcn-p8M)p> or,' :~ < dom,ain-expresslon > 

~ 
order <domaln-Ilst> 

. ' 
. 

<tcn-par-op> or < domain-expression> 

order' <domain-lIst~ 

by <domain-Ust> 

lit then < domaln-e"presslon > 

. 
else < d()main-eipression> 

~ . 

" ~-----

... 

'r , 

• 0 
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'(' <domaln-expreaslon> ')' 

1 l ,<constant> 

1 .. <ldentlfter> 

<boolean-expresslon>: :-

< domaln-expresaJon > < comp-op > < domaln:-expresalon > 

< asa-com-op > 

<other-bln-Op> 

" <tunctlon-name> 

. , 
J 
1 

<unary-op> 
-

. 
~(cn-par-op.> 

1 

1 

1 

< domaln-Ust>' ~ 
1 

.1 
1 

1 
1 17 

::- '+' l '.' l 'Ilt' l 'l' 1 max 1 min 

::- '-' l 'l' 1 mod l 'u' l 'rr' 

::- aba 11015 Ilsknown 11aclO Ilo~ 

1 ln 1 sm 1 tan 

( 

"::- '. '-' l '+' l ,- , 1 Dot 

::- <asa-com-op> 1 <other-bln-o~> 

pred 1 suce 

::- <domaln-llat> ',' <domain-expression> 

, 
t 

f, 

,,' 1 
< constant> 'J 

i 
;:- . <boolean~ 1 <IDt.eier> 1 <real> 1 <strlnl> 

< tkx>lean > 
• 1 

<mteler> 

<real> 

t y: 

::- <'de bool 1 dk bool 1 talae 1 true 

'::- <d1K1t>+ 1 de Inti 1 dIe Inti 
1 

o 

. ::- <dlelt>* '.' <dldt>* 

\ 

-

. ., 

J 
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<atrinc> 

<non_dc_dutrlnC> ::-=- .... [ ~ ( ••• 1 .. l '0 ) ] ••• 

<d1K1t> ::-- 0111· .. 1 9 
\, 

<letter> ::81: albl .. ·lzJAIBI .. ·lz" . . . 
<comp-op> ::== '<'1 t>' 1 .<;a:tl '>=-' 1'-=-'1 .- -' 

< executable:.statement > ::= 

-'f <ldent11ler> .< .... <relatlonal-expresslon> , e 

<ldent11ler> .<+. <relatlonal-exPresslon> 

<ldentUler> '[' <domaln-llSt> '<-' <domatn-llst> 'l' 

<relatlonal-expr~lon > 

'<ldent11ler> '[' <domaln-llst> • < +. <domaln-llst> 'l' 

< relatlonal-expresslon :::> 

. <Vlew-lStateme~t>:: -

<ldentUler> ( Initial <relatlonal-expresslon> 1 ~) 

ta <relatlonal-exPress1on> , 
1 

\ . 

1 • 

\ 
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< relatlonal-expresalon > ::-

< project.-clause > <where-clause> 
~ 

ln < relatlonal-expresslon > 

1 ~ < relation al-expression > 

c, 

-17'1-

i 
f 

\ 
'(' <domain-option> <Joln-op> <domaln-optlon> 'l' 

l') 
TJ < relation al-expression > 

<ldentUler> 

< projéct.-clause > ::== '(' <domaln-optlon> 'J' 1 E 

<where-clause> ::-= wbere <domain-expression> 1 E 

<domain-option> ::== <domaln-llst> 1 f 

, <joln-op> ::-= <mu-joln-op> 1 <slstma-joln-op> 

-
<mu-Joln-op> ::.... l,Joln 1 nat)oln 1 uJoln 

sJoln IIJoin 1 rJoln 

drjoln 1 dJoln 1 dljoln 

o 

<a1sma.-Joln-op> ~:== <baslc-sl,ma--Joln-op> 

.. 
\ - ~ , 

< neg;atlon > < baslc-slgma.-joln-op > 

lcomp 1 natcomp 

" 

" 

/ 



<baslc-slcma.-Joln-op> 

o ::- eqJoln 11tJotn 11eJoln 

sub 1 itJoln 1 KeJoln 

TABLE OF PRECEDENCE 

,.. -operators or lower precedence nrst 

-operators on a glven Une have same precedence 

-assoclatlvlty 15 5peclfted 
, 

" 
1eft '1' '/1(,' 

o 
nonassoc '<' '>' '<-==' '>=-' ..... .- -' , 
1e!t max min 

" 
1eR .+. '.' 

-left '.' 'l' mod 

o • rtcht '.*' 

nonaasoc NOT 

PARAMETERLESS CO~S 

APPEND_REL art BATCH batchl 

" CREATEJ)OM cd! CREATFd~L crI 

DELJ)OM ddl DEL_REL drl 

HELP ,bl INpUT_FROM Input! 

LINE.:..SHELL '%',*\n MANUAù man! 

\ PRINT_OBJECT po! PRINT..,;REL pr! 
\ 

QUIT q~ SAVE saI 
"\ 

SaELL shI SHOWJ)OM sdl 

o SHOW.)ID srd! SHOW.,.REL sr! 
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\, " " 

• 
ONE-PARAMETER COMMANDS 

• DEL:....a dr!! PRINT....R pr!! 
G, 

, [j 

SHOWJ) sd!! SHOW....R sr!! 

'fb (..1. 0 RESER~ KEYWORDS 

ç-

\) 

0 
abs be bool boolean by cos 

de div djoln dk ~1Joln domaIn . 
ç:) 

,Zain 
D},~ 

else eqJoln equlv taise Doat 

~ fun 
0 

ieJoln ~Joln lcomp leJoln ft 

" IS! 
ijoln ln Inltlal lnteier ln tIC ~ 

taknown leJoln let Uoln ln IOCIO 

1012 ItJoln min ,mod natcomp 
.:, 

max 
'V 

natJoln not or order par pred 0 

real red rdatlon rJoln sep sin 

0 
sJoln strinlC 8ub stl'K suce sup o ''-

1 

tan then true ujoln where " . 0 

, ..., . 

,. 

• 9 0' 

D' 
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