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ABSTRACT 

This th\sis introdue('s a n~w approaeh to distribute(] query 

individual hosts are Ignorant of the locatIOn of 

"querj~s. a host informs ils J1('1~hhour~ of what data 

reClHsi n'Iy q \H'ry t1WIr n(~Ip;h h()ur~ t hen r('spon cl. 

," 

Thi~ <Luer~ prore..,~ing stratep;y i<; used to explor(' ext(,lIsion~ 101111' rt'latlOllal al-

~el)fa. Both data manipulation and distrihutioIl an' I\lana~('d WI1I1I1I tlk fralll~'work 

of 1 he r('lat ional lIIod('1. 1'0 ae hievt' f his. t ('chm q ue~ for t he r('I)f('~ellt al ion alld ma

nipulation of queries W('fe dcveloped, alonl!: with a rallonical repre!>(~nt.at.ion for,(!ata. 

1'hese new techniques are generally applicahle 10 llH'ladafa. 

, ' 

\ 

.. 

- 1 -, 

• 

-



.' 

\ 

: 

\ RÉSUMÉ r 

, 

Ce mémoire présente une nouvelle approche pour le traitement des requêtes dam 

les b~ses des données reliées, dans lesquellt's un hôte individuel ignore l'emplacement 

des donn~es à distance. Pour répondre' à unt' requête qui référe à des données à dis-
~ ~ 

tance, UII hôt e informe ses voisins des donnét'!; qui lui manqut'nL Ceux-ci t ramlllct kIlt 

récursiv~ment la requête à leurs voisins avant de répondre. 

Cette stratégie de traiteIllent des requêtes est utilisée pour explorer d('s exten-

J sions à l'algèbre relationnelle. La manipul,ation et la dlstnbl1tion des don,nées sont 

g~r~es dans le cadre du lIlodèle relationnel. Pour attelllIlre ct' but, des techniques ont 

~té dév('loppées pour la.relHésentation et la manipulation des requêtes, aillsi qu'une 

rt"'présentation canonique d{'~ données., Ces nouvelles techniques sont généralem.ent 

applicableh aux mét adonnées . 

.. 
.... .. 

, 

- Il -

... 

CI, ••• 



o 
( 

.f 

, 
\ 1 • 

0-

---- ---- ---------------------------, 

( 

.' -
1 

j 
1 
1 

'. \ 
, . 

1 

" ACK'NOWLEDGEMENTS . , 

1 wish to expre~s Illy ~illc('re appreriat ion for t }.!.t:. ~uidall('(' iUul t'lI(,ollraJ!;('lIIl'lIt 

of Illy supervisor, Dr.T.H.Merrett of MrC:ill {lnivt'rsity Srhool of ('OIllJllltC'f S(·j('lIn·. 

While workin~ on t his tl\f'~i~, 1 would alway!> look forw,ard t () our w('('kly 11I('('t ill~"" 

whirh weTe ct (;)'htinued ... our('(' of IIltere~t i'l'hd Illotlvatipn. 
/t 

1 am al~o ~réiteful to l\1r.Sergc Hurtuhise and Mr.S~·rp;(' LaBdl«' of B(·II Northl'T11 

Rest'arch Lilllitt'd. and Dr.Holwrt de B.Johnston of INHS TI~II~(:ollllllllnJ('at IOll~ for. 

_ arranging to fil,I,WH' Illy work through thnT orgalllzahon!.. 

;rhe stail of HNH and INHS w"cre 1ll0Te than hclpful whell 1 r('quirt'd tt'chniral 

" assistance and docuIIlentat 1011. 

Leah Silllkin wa!. kllld eIlough to edit and proofread Ill(' init~'I- V~~~IOII~; 
1'0 illY friend and husband Paul CamIon. thank you for ('veryt hillS-!; . . . 

" 

• tU -

.. 



( 

.. 

TABLE OF CONTENTS 
t 

, 
" 

o l ' 

.ABL~TRA('7' ... :.~ .........................•............... r"" .' ....... 1 

fi f~'.c.; { 'cAf ~1 , ••••• ,~ ••••••••••• --! ........ : .....•. , . , ...... , ..... 1\, , ....... , . il 

A ('I\·NOWLEIH.ŒAfENTS .. .............. ~ .......... ;., .. , .... t: ...... . 
TA BLE OF CONTE.VTS , .. , , .. , , ... , , ....... ,., .... l' " •• ",; , , , : • , •• , 

UI 

H' 

LIST (JF FI(,'[fRI:-'S, ",.", .. , '., -: ........... ,., ........... , ." ..... ," VI . ~ 

Chapter 1 Introduction ..................•................ , ' ......... 1 1 

1.1 TIH'sIS Aims and Outiin(' , ............•. " .............. , ....... . 3 

1.2 

1.~ 

\. 
l'Il(' Relational Mode! ... , .. , . , ,.,., ._ ... ,.' .... /', ... , ,'." ~ , .", 

Di~trihut('d Dataha~(' Systellls ... , .. , .. "" ... "", .. ,.', ,Q. •••••• 

4 

6 

l.:U 

1.:t2 

1.:U 

1.:J.4 

. . 
SD])-l: A Syst('JIl for Distnbuted Databases ........ , . . . . . . . .. 7 

., 
Di!>tribllt('d INGRES ........................... ,.......... R 
J{" , . . . . . . . . . . . . . . . . . . . .. . ... '.. . .................... ,.. 9 

Other HOlllogeneom and Heterogeneous DDBMS ............ 10 

Chapter '2 Aldat: The ,Algebraic Data Language ....... : ... . . . . . .. 13 

2.1 HelatIOIl:-', Data and Metadata ....................... ; .......... 13 

2.2 Op('rali(~mon relations ........................ ,.-......... -... ~ .. 1.5 

2.2.1 R ('lat ion al Assignment s . , .......................... '.' . . . .. 16 

2.2.2 'r-Sel('ctors .................. ' .......... :.... . . . ..... . . ... 17 

2.2.:~ l'-loin" ........................................ ,........ 18 

2.2.4 tT-Joins ... ............................................. 21 . ~ 
2.3 The Domain AlgdHa ................ _ . " ..................... ". 23 

Chapter 3 Proc~ing Queries on Data Shared Betwee~ Two' . . 
Hosts ................. " ........ " ... , , ..................... : 26 

3.1 Hepresent in~ Queries as Helat ions , ....... ,': . . . . . . . . . . . . . . . . . . . .. 27 

:L2 Decomposing Queri('~ into Local and Remote Components .. ', ....... 30 

3.:3 The Query D)alogue .. _ . .. . .. ' ............. : ......•....... :..... 34 

Chapter 4 Executing Qu~ry Relations .. : . . . . . . . . . . . . . . . . .. .. . . . . .. 42 

1.1 

4.2 

A Canonical Representat.ion of Rdations ......................... 42 
1 - • , ~ 

Extensions to AIdaI. ......................................... ,.. 43 

4.3 . Transforming Relations Between Representations ........... '. . . . .. 46 

4.:J.l Converting Relat iOlls to Canonical Format ~ ...... '. . . .. . . . . .. 47' 

- H' -

1" 

, 



4.3.2 H~s1oril1p; Hplations to TI!('ir OrJ!!:ill.t1 Fllrmat fd 

o 4.4 Converting Aldat Exprel-siolll-- 10 and (rol1\ tl\t'ir H«'lat i(lllai 
Representat i;;l1~ ........................... " .................... . M .. 

4.4.1 Converting Aldat Expres!>iom tn QEX P Hdat iom ........... . 
b :,4 

.4.4.2 Rebuil(ling an Aldat Expresl--ioll from il QEX P 
Rela1 ion.> . . . . . . . . . . . . . . . . . .. . ........... ' ........ : ...... . :,ti .. ' 

Chapter 5 Distri.buted Query Processing in an Arbit.rn1'y 
~ , 

J 

Network ................................................ . 

.5.1 Query Propagatioll , " -
............................ 1 .............. 1 ••••• .... ,tl .. . 

:)~ • 
...,f~ 

f)H 
.. 

5 2 L 1 1> • t" 1 . • (î 1> . . . o('a ar] n pa Ion III~uery roct'l--smg ...... ',' ........ t • •• : ••••• 60 
5.2.1 Special Plirpol--I' Fund iom and Relations ......... '. . . . . .. . .. (iO 

• 1 5.2.2 Lo('al H('''poJ\''('. to a'Il lu("oming QEXP HeI~tioIl ............ . 
~. ~/ 

!).2.~ ),o('al H('~p'om(' to aIl III("oll1Îng REQlJF:ST/Hdat'liJll . :, ...... . 
'J . 

. 1.:~ ):Resolvmg Di.,lribute<! Querieb ................................... . 

C') Iw 

'i:\ 

n 

Chapter 6 Conclusion ............................................. . 7fl 

6.1 Appljcatiollb 10 Met adata and Metacode ........................ . if, 

6.2 Future Work ............................ '! •.••.•••. -•.•..•...... 77 

R EFERENC'ES ............................. ' .. , ... : .................. . 7.9 

, , 
.. 

( 
~/ 

• - tl' ... 

' . 

.. 



\. 

~ 

"C 

'l 

• 

1.1 

2. ] 

r2.2 

2.:1 

, 2.4 

'} r: __ t) 

~ 

2.û 

2.7 

2.X 

2.B 

2.]0 

:U 

:i.2 

:L:~ 

:iA 

:tfi 

, :L6 

:ti 

:U~ 

3.}) 

3.JO 

3.11 

LIS'FOF FIGURES 

Comparison of the discussed systems ............................ , 12 

Four r(')ations represented as tables ....... , ................ '.' . . .. ]4 

'l'hl' Aldat assi'gnll1l'nt o}>erafors ................. ,. . . . . . . ... . . . .. 16 , . 
('OllNTHIES is obtain('cJ by projecting FILMS onto its 
COliNTRY aftribute .. , .................... , .... .' .... ' .......... 17 

" 
Tup)l''' de~cribing .Japillle!'>(' FILMS arl' seleded to crea te the 
.JAPAN FILMS r<'latlOlI ........ " ........................ ' ......... 18 

A :-,ingl('. T,S(')ector hpre:-,:-,ion comhilles a selection operation 
with a proj('ct loyrocluce .~APAN FILMS2 ....................•... 18 

The nat lirai join of FILMS dIld CINEr..fAS ..... , . . ... .. . . ...... . .. 19 

MALE ACTOnS and FEMALE.ACTORS .................. :: .... 20 

'l'Il(' c1ifrerell«' Juill of FILMS and CINEFILM. .. . ................. 20 

Th(· CINEFILM"and JAPAN.FILMS' relation,> are' 
represCIl t ed 11\ (a). 
ill (h ),( c), and ( 

e results of variom fT.joins are ilIustrated 
• 1 

An aduahzation of the virtual attrihule PRH'E ....... -......... ','. 

Th(' local schemas of host s'A and B ............ : ................ . 
. ~ j 

Query exprebSlon 3 1. ............... -...... ~ ...... . n •• •••••• -;~ ••••• .. 
Query expression 3.2 ... : .................................... ' .. . 

" R('lational representation of exprl.'ssions ;!.] and 3.2 ...........•.... 

Int('rlllediate results of (Juery d('Cotllpositiqn .......... " ........... . 

Final results-uf qUf'ry d('composition . .'., ...... : ....... ,' ••........ 

Local and relIlote result" listed 'in RESllLTS relation .....•...... '" 
• 

Qllery expression 3.3.. . ....................... : .............. . 

Q.EXP relation with t h(' a.ddition <;>f expression 3.3 ..............•.. 

Local decomposltion of QEXP relation ln figure 3.9 ........... ':'-. '.~ 
J Î 

.RI~SlTLTS relation (a) originally and (b) after elimination of 
redundant relations wlth FINALRESULTS and 
REDFNDANT _RESULTS •....... '" ..... .' ... : ........... 1 •••••• 

1 

22 

24 

27 

28 

29 

30 

'33 

34 

35 

'36 

3ï 

37 

• 
38 

3.12 MQEXP is the portion of QEXP combining local and remote, 
re-sults ............................................ , ....• : .. ' .. . 39 

3.13 DAG representation of MQEXP ............. : ................... 40 

3.14 Resulting REQ UEST relation to be setrf to· Host B ............... -: 41 

• 1'1 -

ft 

" 

.. 
,.J .. 



0, 

:..) -

'" . 

o 

" 

o 

• 

4.1 Ex('cuting QEXP relatioll~ 011 <'allollical data, 
- Q 

4.2' Relations CINEMAS and C'INEFILI\I witl! their ralloninl! , 
representat ion. , ....................................... ~'. . . . . . .. ·1·1 

4.3 Trace bffirst. W~ltlf loop of Original 'c,nnonical \ 
'- ('CINEMAS') ....... '" ................. '...................... ·HI 

4.4 Trace of OriginaLCanonical (:('}N EM AS') ('olltiIlU('d to 
second m!lll( loop ... :. . . . . . . . . . . . . .. .. " .. : . . . . . . . . . . . . . . . . . . . .. .r,o 

'4.!i Trace of CINEMAS .. Canonical Original ('(,~NEl\lAS'). ... ..... !'):~ 

!).l A sam pie net ;work.· ............................. '. . . . . . . . . . . . . ... .r)!1 
, 

.5.2 A spanllillg t re(! of t he s~lllple I1e'twork ................. _ ..... .". fin 

!).3 Metadata relatloTl" at Hosl (;. ..... .... ....................... (il 

.5.4 (~) The' incolllill).!; QEX~ relatlOlI. (h) ft" ).!;raph 
TeJ)resenl al iOIl ........................................ " ....... (i·1 . \ 

5 . .1 New relaJions neate<! by Receive.Query .. , ..... ,........ fi!) 

5.6 . Trace of Receive_Results. (a) Host F' all~wer"'. (h) 
RECEIVERS and REStlLTS aft('r fir~t il('ration. (c.,.lIo:-.1 .,1 0 ' 

answe'n,. (d) RECEIVEHS and HES{TLTS ,tftt'r "('COlle! 
iteratioll ............. " ... , . ..... ..... ........... ............ (i7 

.5.7 Rela'1\Ons ("Tcat('c\ hy Determine Request wit h the' IIpc\atcd 

.5.H 

, 
. 5.9 

yersion of RESl1LTS ............................... ' ......... fiX 

Execution of Request .Relations on halllple prohl(·III. (c;t) 
The SITES re)atioll (h) He"ulf ohllltial pi<k. 
(') REQlIEST all(~ TOLIST aftC'r f\rsf iteration. Tht' . 
REQtTEST relallOlI hai'> b('t'Il 1'('111 tb Host I~:':>. 

(cl) REQl1 ËST 'and TOLIST afler ~{'('()J\d itt'rat !Oll. The 

HEQUEST relation ha" Iwen ~ent 10 Host H. . . ... .. . . . ... .. . . ..... (m 
Execution of Receive ,Relations on saIl\ple problem. (a) • 
Host H respon<h with requeskd data. (bl SITBS !lJId CH aft('r 
first iteratioll. (r) Ho~1 Il Tt'''ponds. (d) SITES and CH aftef 
se("ond iterat iOIl . .' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 

05.10 LQEXP and R~S{TLTS prodU('t'd hy Merge. . ..... . ........ ..... 71 

5.11 FJNAL.RE~{1LTS rela"tioJ\ proc!uœ<! hy Return Results. ........ 72 

!).12 Tran> of Process .Request. (a) A REQl1EST relatioll 
arrives from Ho~t D. (h) Before ~!!tcrjllg loop,. (') Aft ('r fir~1 
i 1eration. (cl) Aft er ~e("ond it t'ration ...... .'. . . . . . . . . . . . . . . . . . . . . .. 74 

6.1 ~n integrity constraint representecl hy a QEXP relation. ........... 7(; 

6.2 PERSON is a generalization of AC'TOR and DI RECTOH ...... ~~ ... ' 77 

) 
" , 

- vu . 

.. . 

" 



1;, 
~' 

• 

• 1 

. , 

u 

1', 

... / 

Chapter 1 
. . 

Introduction. 

The dat.al;>ase approa,~h ("volved from th(" 'need for centralized control -over ln-

'formation resol1rce~. The initial tendency was to assemble ail data at one location 

- -whf'rt> a sir!I!:I(' database administrator wOllld assure data int~rity and seêurity. Ali 

applicati()n~ stored a:1d retrÎeved data from the central database. This Împlicitly hi- .. 

erarchical strnrturf'of centrahzed database~ ronflicts with the d("centraliz("d nature (;lf 

many organizations. For example, a nianufacturing company with plants in various 

, \ , 
('ities across t he country may have a small computlllg center at each location main-

taining personnel and inventory fil~~. The local filel> \vould be used at t.heir location 

of origin tO~JH'0cess pay checb, and keep track of ~tock. Only occa~Îonally, such as 

when the heaù office i-s_drawing up a balanc/' sheet. or compar.ing plant productivity, 

(~ . 
is it necessary to have a global view. of data from all plants. 

The local files rould be incorporat cd into cl centralized database, however t his 

solut ion has its drawbacks: dat a would lllo~t oft en be st.ored away from i t s point of 

. ' 

origin; 10('1\1 applicatio~s would have to acn'&S the central database remotely, entailing 

n \ ( 6 

high communications costs. Moreove~~ in case of failure at the central dat.abase loca-

tion, ail applications would be suspended. Such shortcomings lea to the development 
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of dis! ri hu t e<l dat ahahe&, --.. 
A distrihllt('d datal)âse sy~telll al1ow~ t-a<'ll ~it(" to ('arr~' out appli('édi()l1~ 011 ib 

lo<,al dat a independently, while providin~~ a p;lohal VI('W 01 dat a Wh('II" 11('('<1('<1, lu, 

a ('en~1:>d database t'xpancls it wi]) ('v('utually r('(tch capacÎty and llIay hav(' to 

be replaced to allow fllrther p;rowth, J)istrihut('51..Ja.taha~~~ lIla)' J!;row i1le~(,)\H'ntally 

with the' addihon of 1l(,W, relatively alltonOlllOm. IInib, thll~ l1lilli.lllilf,ill~ tlll' illlplll'l 

of expansion on t he exi~tlllp; sy~tell1, 

tI' W(' ddine the databaSf' sdl('tlla as t}J(','ataloJ!;lle of avall,dl)(, data, ln a distrilH 11'11 

datah}~(', a qu('ry may rt'f("r~nc(' I()('ally Il«(,(,!-'~lhl(· d,da a'i wl'll a ... data from il rt'llIotl' 

sit(·, At eadJ ~jtf' in il dist ri huted datahdM', a local .... ChCIII, ..... hollid dc:-.rrilH' )ocally 

availahk data: ThIS as~ures t hat apphcatlOn~ \JIvoh.lTlg ()1I1~ local dat a eilll l'X('('utl' 

independently 01 any °central control. QII(,rJ('~ rd{,Tf'IJ('i~ rClllotl' data IU'('d ~cll('llla 
1 

in format ion not a vai lable from t he local' ~c ht'III<1, Tllf' qllf' ... t 1011 of how 1111')' HWy 

oblain Ihi~ IIlformation is a major design issue ill ,istrihutc-d dataha<,(' lJIana~('IlI('lIt 

systems (DDBMS). 

One solution is to repli<,ate a global b('hema at ('adJ ho~t, lIow('ver, if th/' local 

host is a workstation accessing a very large distribuled dataha~(', the glohal :,clJ('llIa 

may be too large to 5tort' lo('ally, AIso, wll<'l1 1 he bchenla i~ replicat(·d, any chall~e~ 10 

it necessitate a global update of ail local c<?'p~('s, An a!t('rnative 10 havin~ a ('opy of 

.. 
the gl,?bal S<'h('ma at ('ach site is 10 desiglla.le one sil(' to Il~al'i'tt ain the ~lohal. I>chellla; 

all applications aaess the global schema vIa t~i~ locatIOn, Thil> soluktOn l'Iiminateh 

many of the advantages ~f distributing the dat-.tba.se; a failufe at the schema '<'. site 

cripples all processing and repeated a('('essing of the glohal schema cTt'ate!> a l>y~telll 

- 2 -

A _ 



boulelleck. A cOIUDrolllis,~ he1 wet'Il the ahove 1 wo sI rat('p;i('~ muid aho he cOlIsic\ered. . , 
~ 

ln existing distribu1ed database sy~tems, to our knowledp;e. ail h()st~ llIaintain somt' 

global schema information locally 1.0 access remot (' dat a. 

1.1 Thesis Aims and Outline 

'~In thi!> the~l!. w(' propo~e a dialol!;ue mode] for distribut.ed query processmg ]IJ 
1 f, 

( , 
\which indf'pendellt proce~or~ can cooperate to resolve distributecl queries wit.h no a' , 

\ 

priori knowl«'dge of the glohal schema. We att<J7npt to manage hoth data processing 

and distrihution wlthin the framt'work of t.hc. rdational model. The slrategy will he 

illust rated using the A!gebraic data language, Aldat 11\1 EH 84] 

Thf' n<'xl.two ~('(·tion!> of thi~ chapter introd\)ce the relatiollal model and glve 
,1 

an ovnview of di~trihut('d databa~e research, The research prototypes dpscribed are 

1 m~ant to 1)(' contrasted with the dialogue 1,llodel prest'nted in this work. 

Chapter 2 défilles rdations and introduces the subset of the Aldat ,language that 
" 

will Il(' u<;ed jn !-oubsequent chap(ers. llIu~trative examples rat her thall formai defini-

tions will, he e.mph.asized. 

ln Chapt er :~ ,,'(' pre~ent t he dialogue II,1Odel in a network restricted to,1.wo hosts. 

'. A- rdatrllal reprt'sentation of queries is proposed which can be factored into local 

and relllote componellb. Vv'e show how a ll.ost lacking dat a to complete a query, can 

t'ngage in a dialogue with its neighbour to locate and obtain the neCf.>~sary data, 

A !-!;{'Ileral execution program is discussed in ('hapter 4 to execute query relations on 

• a ('anonkal data representation. Some extensions 1.0 Aldat are suggested to support 
• , • 1 
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("on\'erslon hetwet'Il diflrrent r(')lres(·Jl1.lIioJ\·~ of q\lT"'fÎ(':- alHt dala. 'l'III' IOIl\C'r:-IOJI 

algorith,JIls illm.lrate the usefu\lle~~ of Iht' extemiolls. 

The dialo~\le IlI()d('ll~ extellded tf> ail arlHtrary lIetwork in Chaplt'r rI. ('haptt'r 

6 condudes th(' thesi~ ,I1\(1 sup;~<.'~h topin for furtht'r f(·!\('arch. 

1.2 The Relational Mode} 

Fir~t proposed as a datahas(' mode! b)' Codd in IHiO Icon iOi, tlll' rt·lalioll,,1 

modr\ has hecomt' thr basis of virtually ail curr('nl dataha!-e r(' .. ('ardl. III 19ï1l Killl 

[KIM 79] puhlished a sl1rvey of Helatiol\al Dalahas(' l\lallil)!;t'llH'llt S.v!-t(,lIl~ (J>Bl\1S). 

Fernandez [FEHl\' HO] éldded 10 till'> li .. t of ('hl~tlJl~ !-y~tt'llI~ in ) (ll'Hl. '('oJ,!;(·tltt'r. 

t hey ('numerat(' over thirty difl('rellt s)stelll .... WrI li tlw_,ad\'cIlt of l)(lw('rflll lllicro 

("omputerl-, nUJ!,ICrOm Helatioua] DBt\.IS ha\(' 1)('('11 11I\pl(·J!~(,I,t~.d lor I)('r:-,ollal ~~)111 
~ \ 

puters. ln 1983 a two day wûrhhop orl!;rllllz('d h) tilt' INlnA. Frélll(,(·. wa .. d(·v(~ 

desIgn and implelllentation of HelaI JOnal )) BMS (;" 1IIIcro·COllIJHlt('r:-. Il N H K:~I. 

Th(' Sllcce:.~ of thr rclationa\ model ('lUI he attrihufc'd ,10 ib :-.illlplicity: ail illrAlr 
• 

mation 15 reprrsented hy a sing)(' data. ~trl1("{lIr(', the r!']alioll. Wlth titi' re)ational 

mode!, as opposed t 0 prevlOUS dat ahase mû<)!']!>, cid aib of i III pic Il J(' Il tilt JOli .. uch il!> 

access pat hs and i ndexing IlIa)' he iguor('(1. as tlH'y do Ilot afl(·( t 1 h (' IHol!;ra III JIln:-.· 

view o(data. Thi~ propert}' 15 rderr('<! 10 a'> l'hl/~/{(}l da/a 111'/' p' /Id, 111'. 

\> , 
Front ifs couception, th(' r<,]ationalmodt'I provJ<l('d a]p;l'hr<llC 0IH:r<t!or .. 10 mallip· 

t--

ulat(' relations [COD iOJ. The f(']at ional alg('hra op<,rator ... acc!'pt 011(' or Iwo wlal ion~ 

and produce a n('\',,' relation as (<J('sult. Thi~ proP('rt~ of rl(/~IJ1't al/ow ... 1If'l>t(·c1 rt'· 

lational expressions: expressIons III which operandl> are th(,IJl~<'Iv('" ('xpr(·Mliolll>. Al> -

, - 4 -



relatiollal alp;ehra ih 1(· ...... proce<!lIrHI, thall 

data malllplliat ion lanp;llap;es requiring record by record loop~. The relational alp;ehra 

i~ di~cu~~t>d JJI more clet ad III Ch apter 2. 

, AnotllN forlllalislIl for lIt..lnipulating reiatioIl'>. th<, relational calcuhlh ICOD ï2]. 

wa~ propm(·d as ('ven 1(',,<; procedural than th(' r('lal1onal alp;ebra. While th(' relational 

algebra provid(· ... a!.('\ of operator~ tltat IIlil) 1)(' appllt'd t,o ?nchieve a final result, the 

• relatioJlal calcl1ll1~ df'MrilH'''' the {~('!.if(·d r(,~lllt: It i~ 1 ('ft IIp to the syst(,1l1 to d('te~ 

1{lin(' the J1('f('ssary opera 1 jOll~. The r(')at ion,,) calcu) U~ and algehra arc fundaI1lent ally , 
e(lllivalt>nt a" any ('XI>r('~<;ioll III one lIla) he '1 rall~lat('d int 0 cil: f'«uivalellt expressIOn 

- in the oOler: for proof ~t'(' !COD il and ;rLL H~: EXppfllIl<'nh conclucled on the 

• ahility of progralIllI\('r~ 10 write COJllplf'x qU('rJ(''> in lanp;uagc<; dlfreflJlp; pnlllarily III 

c tI'eir procedllraltt)"IWEL Hl), ha\'(' !>ho"'J1 a IlIglH'r ~u('cess r;!.fet'among those lJ~itlg 

t he Illon' p~o('('d ural lang liage. 1).. proced \1 rai laJl~lIage allows a progralll Iller 't 0 de-

COJllpOM' a complex problcJII IIIto a ~('rt('~ of ~illlpl('r tasks. As Aldat J~ lI\('ant la deal 

with Ill(' progr<\JlIllIing a~pe('b of rèlatioRét) databas,e, .the relationa) alp;ehra ha~ becll ') 

adopt ed a~ t he more 1> \li table lallgùage mode). 

ln light of ,ib enoTl~lOu~ succe1>S ln ,the area of aclministrative..data prot'esslllg. 

, , 

rt>!\earl'hcr~ ar(' extendinp; tI\(' relational Illodel tô Hon-convent ional appheat ions. For 

instance, the PHOBE project !DAY t{!)]IS developinp; a c;mall :-oet of lIscful extensions 

to relational <lat abase managemcnt' systellls to ~upport knowledge repres('ntatioh. 

processing of spatial and temporal data, and the representation and manipulation 
. '. 

'of comp]ex,objeds. The PROBE architedure provides an ex'tendib]e DBMS thàt 

may interad with specialized hardware and software such as Image proceSS&l'S or 
, -
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• 

• 

k~yword-ba:-('d information rct TJ('\al 

tures illto the Telatiollal mode! that 

.. 
programminp;_ TII('~~ ('xtrll.,ions ha\(' lWt'1l app!Jed to the relational o)H'ratillf,!;:-) ~telll 

interfacr, ROSI. wlllch mode!:- ail ohj~cb in a mrr\ ('II\-iWnIIICllt a:- rC'li"1I iOIl:. II\Olt 
" 

86] . 

. .. 
1.3 Distributed' Database Systems ' , .. -. 

Th(' IIllplementatioll of di.,trihut('(f datilhaM' ~y.,t('III~ ildds tlll' prtlbl('III~ of ("0111" 

ap;ellH'nt. ~uch a" (OIlClJrrt'IlC) alld IIItegrlty cOllt roI. Ile'CCllI1«' 1'\('11 lIIore' (ClIIII'I«-X 0111'1' 

the database 1~~c1I~tflhllt('d. Bhtrihutt'd d(tlah,,~(: ~\.,I('III" 111<1' lH' !tOIlIOJ!,«'IIfIOlh or . . . -

h(>terop;rnrous: h0Il10P;(,Il(,OIl~ ~yst.<'lII~ lIIt('grille ~Ite~ rlllllllllg t III' "<11111' I>B~1S, wilde. 

heterop;elH'OU" s)'!>teIll" IlIcorporalf' \-ari()ll~ prOf ('''~()r" rllllnlllp; ddl'f'f('lIt DIIMS .,oft-

~ -
wart'. Syst(,llI~ abo difl'C'r ... it li T(,Spfld to :-i1c iI\ltollOllly. Mo"f \lM' 1111' wlallOlIal 

modd a~ Il:. s}mplicilY. farililal('!' dat a (hstnhlltlOl! 

To IIwrlt the appellatio!l dl.\fTlIJllful, il DHMS s!tould provide di"trihutlOlI t ran" 
, " , 

par(,l1(,y. ).('., Ihe Il:.cr !>hollld not \)(' cOllc('ffwd witll lit(' adual loutlioJl of III«' data 
" 

" 

f. He 4cc.!:~"rs the dataha~(' il!> lflt \\'rre ('lItlT('l~ local. Thl' (·Iilllillatioll 01 wduIHlitllc YI" 

a lllajor 1!lOtivatioIl III r('ntrahz('d dataha"e ... 1I0\\'('';('r. r('dund,lIl<) 1" oft.'11 d('''If,.h1<-

In a di!-ltribuled dalahase. Multiple ("OP)('" of (~(dit pro\'u!c hfICkll)l~ III ca"" 011(' c:opy 

is destroyed. Pcrformancc"Ûf read-oql) applIcation!> lIla)' 1)(' ('nharj('('d by allowin~ il 
{ 

processor to choose the dosest of !>ev<,ral copies. In the ('veut of hit<, failtlr<', illt<,rna

~ 
- (j -



. . 
tiw' !.ollrc{'!-> of data are availahl(·. Hedundanry colllplicat('~ lliH]ale application ... a~ ail 

copi('!. llIust he llIodified. 

Ali overvle~ of cOllllllercial produds providing a<;peds of dislributed {Iataba~e 

~ 

llIal'ti}gement IS pre~('nted in [CEH H4J. M,!!I}' more sophlstlc~ted sy~telUs are U1H\er 
'. ' 

d('velopllH'nt. The followinp; paragraphs briefl) describe a represental J\'e sample of 

I)DBMS r('~earch prototypes. The discussion will focus on iocating remot(' dat a and 

1.3.1 SDn-1: A System for Distributed Databases 

J)evdopf'ë1 a t t II{' COJ1l pli kr ('orporal Îon of A llH'ri ca. S O'D-1 was the firs1 dis-

tribuh·d DBMS. Heferellce [HOT HO lIItrod\tce" thl' p;elleral pril;~lples. The query 

.( 
pr-~)("('!>"i IIg, ... J ra It'gy 1 ~ de'«'rJ bed 111 i H EH ~n. h:. S D D- 1 su pport ~ the relat ional dat a 

mode\. (i~('r~ Interad wit h the dqt abase t hrough· a high-Ievd procedural language, 

--- 1 
Datalalll!;uage f{elatior15 may }w fraglIlellted acco!dinp; to the ru les outlihed in [ROT 

HOI and frap;l1lel1t~ may be replicat('d. The user has fi global view of the enti~e.dat abase 

and i~ Ilot affeded by replicatjon. 

Thé schema of an SDD-l-tlatabase is provided by dirertory relations. Director.ies 

.. ar(' treateH as any user ~ata and llIay therefore he replicated and fragmented. A di-

rccfory loraf01' stored redundantly al ~ach sile serves as a global schema by indicating 
" 

whert" each directory fraglllf,>nt IS ston·d. 

-The SDD-l architecture is baseà on t.hree relatively autonolllous VIT! ual machines: 

data modules (DM), transaction ~nodules (TM) and the reliable network. (RelNet) • 

• The DMs read, write and manipulate data in loral workspaces. They can also moV'e 
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data from O!H' local workspac<, to alloth('r. Each IIldi\'iclllal DlllalallJ?;lIa~(' :-olat('llIc'lIl 

\ 

composes a separate transadion. The T!\1!-> translat(· the qlJ('ry. C'stalllh.h ail iu'rt·:-o, 

• plan, contfol COIl('UffeIlCY and quefy ex('cutlOlI, The HelN(·t pr'<lvid('h J?;uaranf(·(·d 

delivery of lIleSSap;eh, ron troIs t ransad iOIl '>, and mOllit ors t he Il!'l wor k, 

the read'1>ha,,<,. the TM ct! the hite of onp;1Il \I\(,h tll(' tllTt clor'Y!O(Ù(01' 10 (It·t(·rlllillt' 

what data will \)(' iU'('('hsed alld where il ih locatl'd It tllell brhadcahb " ('0111111(\11(1 

to t IJe cOllcefIl('d ~if<'h 10 put 1 he rele\"(UlI clat a in local worbpac(,h ah'>I~lIcd to t II(' 

~ 

lransac1lOlI, The TM, al tl\(' ~itt' of ori~ill control, tll!' IO(id Yrl\1, clunllp; th(' t'X('('1ItlOlI .. 

, 
phase. Th(· w ri 1 e phaM' Il pelat Ch ail CopI<', 01 modi lied f rap; 111 ('Il th a IId ~\Iarallt C'C', 

dat aha~e i Il t e~ri t y, 

1.3.2 Distributed INqRES 

Distrihllted INGRES was developed <it th!' University of ('tlhfornia, Berkely, il!-> ail . 
-

extension to the previously operittive DBMS, IN<:; H ES ISTO 7(ij, The Uher ITIterad ... 

~ith a global \'iew of th(' differ('nt datahases in th(' 1I('twork, Data JIIay \)(' rcplicatcd 
'-

and fraglllent('d. Ah III SDD-I. t he site at which t Il<' qu('ry ori~llIat('" ('0111 rob t Iw 

remote }HOCeShes involved in the <Juery pro('eh~inp;, 

• 
The INGHES sy!>telll catalogue ('ontaill!-> four type., of inforlllation ISTO 7(ij, 

1. Relation nallles alld locat iOllh 
;;j 

2. Par!>ing information (dOlllalll IHtlll('~, format, ('tCl) 

3. Perform~nc(' information (numher of tllples. hl~rap;(" structure, rte.) 

4. Consistency information (protection, intep;rity cOllstrainl!l (·tc.) 

- R -
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TIH' dataha:-.e containh Iwo das~e:-. of rdatioIls: local, wlllch are only a('c('~:-.ihk 

from the ho ... t at whidl th~y are located, ancl p;lobal. which are accessihle throughout 

, 
the datahase. Each site ket'ps l:>ystt'ms catalo~tJe ... for its local relatfolls and global 

rdat ior1'i n'sidinp; at lb location. Type 1 cat alo~ue informat ion for ail globa( rdat ions 

il> storecl re<!undantly at each site· ThÎ ... cOllstit l1te~ il ~lobal ~cbema. A new global 

rdation is ('Teated hy hroadcastlIlp; lb nallle and location to ail site~ III the Ilef,work 

Before <J"er} IHoces~lllg, type~ 2. ;L alld '1 of cat.do~\l(, information l1Iu ... t he a"-

selllhled at the ... ite where the qtH'rj on~illat('~. Thr a ....... (,llIhkd data 1 .... saved 10cally 
, 1 

ah. é,t working copy ~o t hat ~ li h"eq tlellt t ramact ion:- lIeed 1101 r('q ue ... t 1 he III fo rlll a t ion . 
'\ 
alrrti Il. Work IIlg < OjlW:-' art' not li pdated. and aft (' r a "(('rt fi in p("f1od of 1 1111(' t he)" arc 

considered ouI of date and dihcar<!ed. Thl~ strategy worh weIl if 1 he <alaloJ!;ue i~d-

ativdy static; how('ver, rUll-limc errors ma)' occur because of man'urate information 

ln t h(' workiT1~ catalo~ue. 

, 
1.3.3 R* 

The R* projed IWIL 82] is the dist rihuted versIOn of t he IBM Syhtem R rel a-

tioual database 1>yslem. The collllllerCial dttabase product SQLjDS IS an extehsion 

\ 

of SysteJII H Th(, H + systeJII ih lIItellded to pronde llIost of the ft'al urcs of SQLjDS 
.. 

in a distributed environlllcnt. Site aulonom}' was a major (omideralion~1II the devel-

opment of H*; each sIte controls access to ItS own data, and local data I~ maIllpulated 

with ct JIIinimum of interfereIH'{' from other site~. The addItion of new hltes 10 the 

network does. not alter global data strJldures or definitiom. SOIllC replicat)on and 

fragmentatIOn of relations is supported: 

- 9 ' 
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The glohal bcbclllrl I~ 'provided ily ,,,,,,,ft III Il'IcI, IIf111If." (S\\'N). l;:-cr~ n'f"ft'III(' 

data objed~ hy local l'J'ml 1101111'8 tltat an' ,lIlapped Ollto corr('~)lolldill).!; S\\'N" hy th 

system. The SWN specifies the relation's creator. the creator's sit(" th" r~'lati()J\\ 

name, an cl i ni~.,c'-I ion or hifl hsil<'. A rela 1 ion', ad " •• 1 1 oca 1 IOn i, dyn.mi r a ... 1 

does not appear)," il-. llitllH'. \Vh(,lIt4~r a Tt'Iatioll JII0\('h frolll 0;\1' ~It (' to allot her ith 

new locatIOn 1., 1l\(l!rat"d af Its hirt!tslt". Thu., the S\VN allo\\' ... all~ rt'latlOlI to 1)(' 

acress('d in at 1II0~t twô atU.'lIIpb, If the relatIon 1" Ilot pr('~(,l\t ,\1 It" hirthhitc. t.he 

birthsitf' ill<h(at(·" lb C111ft'ul locatioIl. 

systelll \\'1<1(, lléUlI('" of ail rela' J()II~ IIl\oh<'d III ,\ ..((lwr) ,llId prodl\( ('" ,\ ).!;Iohrll (0111 

proces~lIIg. Belllot" ho!>t ... iIl\,olved ill q1Jt'f~ pro(eh~iIl~ an" cal'IPd appn'nti«':,. 'J'II<' 

• 
full global ('x~'cutioJ\ plan is dJ!,tributeù to ail appr<'lIti('('h who llIa~' dd('rlllill(' tll<' 

best stratègy for mitlllpulating tlJ('ir local <ktta, 

1.3.4 Other Homogeneous and Heterogeneous DDBMS 

Descriptions of other DDBMS J>rot()typ('~ JJJa)' })(' found in ref('renn'!> /C~:H X/li, 

IDEL 80], IRAG H51, ISllZ X21 itl\() !.\NB H2J The G('n('~i~ hy~fI'llI iPAC X:Jj j" of 

particular interest a~ It i~ ba ... t>cJ on <l di ... tributecJ oIH'ratin).!; "y~t('JJI. 'l'III' datai",!>!, 

systelll is thw, reliev('d of rehpollhi}>ll!ly for )ocatJn~ n'lJ\ole data, il" 1111' 0J)('ratln~ 

system pro\'ides a global view. Tasks such ah creatlOlI and control of r<'lIlotc t.l~k 

execution. sYllchronization. recovery, etc.. IlIa} he 11Ilpkll\('nted more ('ffi(J('lllly al 

- 1 (J -
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c. 

t 1)(' o)wral ing '>y!->tclIl 1('\('1.- TIlt' cOIIlII)('rcial Tanc!(>IlI/ENCOM PASS sy~t(,1Il for di!>-

tributed databases [BOR 811 is also hasec! 'OIl_the concept of a distributed operating 

-- systelll. 

Wht>n a distflbuted database is to be implemeJ!ted [rom s<'ratrh, it mah'S sense 1.0 

have t Il<' saille DBMS software at each sit.e. However often it is desirable to i~ltegrate 

several exibting databas('~ with differellt DBMSs and perha»s ('VCII ddrer('nt data 

lIIodelb. SIHIPS-DELTA [FERR .82J and Multibase [SMI 81] are bot h h{'terogen('~us 

DDBMS prototyp('s_ 

'SlHqrS-DELTA I~ part' of a French nationwide projeet on dlstributed da1abases_ 

A JIlinimal set of flln( tion~ called t he lI/l'of ,"II"!! 111 is defined a~ a COllllllon rdcrence. 

Earh DHMS reque<;t IS mapped into an e<jl1i\alellt reqtH';t in the Jlll'ot .... y~!( m. The 

~ysteJll architecture ha~ two levels: global and local. The global level maintaIlls a 

glohal intefllal bchellla !>J>('(')fyinp; how to reblIIlld g;lohal dat a from local data. The 

gl~1 Ievel~ aets -a., a liber of 11)(' local DBl\1S~.; 
Multiba.,(' i~ a Computer Corpofation of AllleT1ca projed whirh integrates pre-

existing. heterol!;t"ncolls dlst rihuft'd dat ababe.,. Eadl database has its own lo( al !los! 

Sc/II ma (LBS). These srhemata ran cor-respond to different D BMS, clat a modcls, and 

query languages. Each LHS is mapped onto a local schema (LS) corrt"~ponding to the 

Fu Il cl lOuaI Data Modd [SIl 1 79]. Tlm provicles a homogeneous vie\\' of the clifrerent . 

~yst(,llIS. An 17I!('g1'l1flll7l srhrma (IS) descrilws a clataba<;(' contaIIllng II1fOrlllatlO~1 

about mapping the iIlc~lIsistent data 1II0dds into a global f>chl1l1(J ((;S). The IS and 

LSs are combinecl to defin(' the GS. The GS j~ qu('ried vIa the DAPLEX language 

-[SHI i!l]. 
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RemoœD~ Site Autooomy RepUcatloa and 

LocaœdVIa: 1: high. 2: medium, FnipleDtatba 
, 3:low ~ 

0 

SDD-l Directory 3 yes 
locatoT , 

Distrlbuted Type l
o
cataIoguc_ 3 yes 

, INGRES information 

R· System Wide Nnmes 1 yes 

Genesls Operating System 
. 

3 yes 

SIRIUS-DELTA Global InternaI 2 'xe! 
Schema 

Multlbase Global and 2 yes 
Integration ~chemata 

• 

The table.In figure l '\ recapll.lIlaf<><; 1 he f('al ùre::. of 1 Jl(' ddlt,:t'Jll sy::.lellls we.hav(' 

discussed. The method~ hy which rt'Illole data 1<, locillerl and il,ces!'ed are summarized 

ln the first colullln. AIl ::.y~klll~ Il:-.e a p;lohal ::.dwllla of SOIllt' ~()rl. The !>('cond 

column indic:\tes the leve] of sile ilutonon;y. The B~ sybteJJ1 dt'Illonstrates the mo<;t 

site autonomy as local sites haye control over acce~!> to t!telr own data. The otlwr 

three homogeneous systems ilave lilllited sile aulollollly, as one proc('ss al the sit,. al 

which a query onginates controis slave pro cesses al the 01 11er site~ parlicipating in the 

transaction. Individual sites in the heterogeJleous system<; can have sOllle control o~er 
1 • 

the mapping of their local data t 0 the global schema. Ali of 1 hese systems support 

sorne form of rep1ication and fragmentation transparency. 

.' 
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Aldat: 
Chapter 2 

The Alf;ebraic ~ata Lang~age 

Tht' Aldat project, head~d by Dr.T.H.Meuett at Jv1cGilI Vnivt'rsity,.explores ex-
, 

1eJlsions and applications of 1ht' relational algehra. TIl(' {'x1{,f\Slon~ hav(' ('volwd 

throllgh a slow t'mpirical pro cess of·devdoPlIlg applicallOJI', of tll(' (,xI~1inp; formaI· 

ÎSfll and ('xlendillg only wh{'re J)('c{'~sary and only If 1 II(' extensi<)n lib in10 a simple 

COllct'p.tual frall1ework. Th<.' basis of AIdaI is described in IrhEH 8~J. A ft.er defining 

relations, thil> chapter outllJ1eb the bub~et of Aldat used )JI thi~ thesis. The syntax 
, , 

used is that of IMER ~4J with tht' exc<.'ptlOII thât recursive asslgnment statements will 

-be allowed. In followillg ~hapt.ers We adopt Pascal-like const.ructs sueh as fundion and 

proce'dure headings, variable declarations, Jf st at.ement s'and Ulhzlc loops. This allo.ws 

1 

us to write Aldat routineb t11at interpret other Aldat statements. These functions 
Q 

and procedures will be referred to as mclacodt' routines. 

-
2.1 Relations, Data and Metadata ' . 

. " 

Figure 2.1 represents four instances of relations contiUning dat a about, various 

films and the cinemas sho~ing thell1-

. 13 - . . 
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FILMS ( TITLE YEAR DIRECfOR COUNTRY) 

ArigalO-slIIl 1936 HShimizu Japan 
L'Avare 1980 L.de FIDle5 Pranc:e 
Carefree 1938 M.Sandrich U.S.A 

Hana Saku Minato 194j K.Kinoshita Japan 
'" Miss Julie 1941 A.Sjoberg Swcden 

Henry V 1944 L.Olivier G.B:'-
Mcdea 1970 P.P.Pasolini Italy 

SwingTime 1936 G.Stevens U.S.A. 
RernbetikO 1983 C.Feris Greece 

ACTORS( ACTOR TITLF; CINEFILM ( TITLE CINEMA SCRE~N) 

F.Astaire Swing ltme SwmgTime Roxy' 1 

G.Rogers SwingTime Rembetiko Roxy 2 

K.Uehar,a Arigato-san L'Avare Odeon 1 

E.Ozawa Hana Saku Minato Hana Salcu Minato Bijou 1 

K.Uehara Hana Saku Minato Arigato.san BiJou . 2 

S.Leonardou Rembetiko ' Medea BiJou 3 

F.Astaire Carefree Angato.san Caplt!Ù 1 

• G.Rogers Carefree . / M.Callas Medea CINEMAS ( CINEM~ ADDRESS SCREENS) 
L.de Funes L'Avare " 
M.Galabru L'Avare 

Roxy" 123 Main St. 2 

L.Olivier HemyV 
Odeon 987 Park Ave, 1 

- BiJOu 64S M aple Rd. 3 R.Newton HemyV 
, 

A.Bjork Miss Julie 
Capital 392 Union Blvd. • 1 

0 U.Palme Miss~ulie . 
Fig. 2.1 Fou r ft'Ia t iom rt'pres('l!t (·cl as t ahk~. 

'" 
Wh,ell relatiol.1s are rcpres~ntccl as4ablcs, rows desnibe ohj<,cts and ~lumns cor) 

.. , ' 

_ - respond to properties of the objects. In al! t he relations wc will consider, a singl{' valuf' 1 

\ \ is associated with cach row /column° intersection. Relations satisfying this critenon 

are sald to 'be normalz=cd. The relatlOn's rows are callecl iuphs, hence the dcfinitioll ' 

of a relation as a set of tuples. The columns are callecl affrzbtJics. Ea('h aUribulf' 

has a corresponding doma17l,,'a non·empty set from which it takes ils value.c;. Each 

tuple is unique within a relation and the order of t uplcs is cotnpletely arbitrarY1 just 

~ elements in a set are unique and not ordered. As.. tht'.aUributes arc all labelled, 

• their order is .jso arbitrary. In other words, any per;nutation of rows an4 columns 
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in th(> tabular f('Pll'!ll'ntation do(>~ 1101 in any way alter lhe informatiQII eontainl'd in . . 
thl' r(>lation. 

,~ 

A finite set of aUribute names {Ah A2, ... , An} is ealled a relational seheme [M AI 

" , 

83]. ,Each attribute has il corresponJing s(>t D" ils dOmaln. We will formally define a 1\ _ 

relation 011 the abovl' relational schl'II)(' as a subset of the extencled ('artesian product 
/.-""':" ..... 

A relat.f>nfll database i5 Will pfJScd of dat a and metadat a. Dat a is represented ~Y 

relations su eh a<, those in figure 2.1. Metadata i5 dat.a that dèscribes or helps 'to inter-

pret ot.her data [DAY H·)I. In a r~l~tional database Illeladata inducles: the nam~s of 

relaÙolI,s alld 1 heir corH'hpon~linp; attributes; type!'> and domain5 of attnbules; physi-

cal storage and aceeS,h paths for relations; etc. M(>tadata may als~ he ~epre!'>ented tts 

• relatioIlh: ln our metacode T-Oütil1e~, metadata. IS a(·eehsecl as any other data. Not aIl 

environments a}low users to access metadata. ' . 

• 

2.2 Operations on relations 

While relations offer a means of representing data, the relational algebra provid.es 
. '/ 

,'='" 
a llleans of manipulating data. Alda(is an extension of Codd's relational algebra first 

proposed in [COD 70]. The unary operators, selecl and proJl:cI become T-Sclcclors 

. 
(tuple sdec1ors) in Aldat. As relati?ns are generalïzations o(setsf;À.lclat has relational 

operations which are generalizations of set operations. The set-valued set operatiQ'fis 

(union, intersection, etc.) become the dass< of j/-}oms. Logic-va.lued set operat.ions 

(inclusion, empty ,intersection, etc.) are extended to th'e dass of U-)Ol7lS. The nat.ura} 

- 15 -. 
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joill is a .sp('('iaJ ('I\S(, of 1"·joiJl:-. Nat Îlral <'Cllllpo~iliull illld rdallO"al dh .. ,iOIl Rf(' Slw('i"J 

rêlS<.>s of lT-joi Ill>. 

2.2.1 

~ 

AIdaI las I,wo rdallOnal aSl>i~1IJ1H'1l1 op('rat()r~. The expr<>ssioll, T ---U, r<,pl<\("(>$ 
• 

relatIOn T with rclal ion H. Tilt, illrn>llu'lItaJ Opt>rator. T --1 li, I\PIH'nds tht' t upIe'!> 

of R t 0 T. Figure 2.2 shows t.he rt'sul t s of sev<.>ral di ff<.>r<.> Il 1 assigll JIIf'nl oprratiolls on . ' , 

sam pIe rclat Ions., 

o 

, , 

T( 8 C A) 
~ " q r s 

R (A ,8 C) 
abc 

ASSIGNMENT 

T< ... R " 

. 
T [8, C, A <- A, E, D] S 

T <--+ R --
T [D,C,A <-+ A, D, E] S, 

. 
T [8, C, A \<-+ D; C;w'] R 

S( ADE) 
x y z 

RESULT 
T( 8 C A ) 

b c • 
x z y 

q r 1 

b c • 
q r 1 • 
x y z 

q r 1 

b c w 

Fig. 2.2 The Aldat assignment operators. 
1 

J 

When attribute names are not specifi'ed ln the assignment statement, the at-, 

tributes of the operand are impliçitly assigned to attf'ibutes 'with the sa.me name in --
the 'resulting relation .• ~ ('orrespond~m-(' between attribut,'es in the operand relation , . 

- 16-
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ami ilttrihntC'!I in tltC' r('sultillJ?, r(')atiolllJlay a)!>o 1)(' iudiratcd ('xpliritly .. Care> must hC' 

" 
'lak('11 Ilot to I\h!lj~1I ail aitrillllt(' to alloth<'f with il r()nfljc~illg c1olllain. For inst.ancC', 

a diarac1<'r valtwd iltt.ribllt<, lIIay Ilot he' a!lsign('d to an int<'ger valued attributc. 

2.2.2 T-Selectors 

. '. 

Proj('rtion operations sperify a subsC't of a re)ation's attributC's. A rdation con-

taining only the countries present in t he FILMS relation of figure 2.1 llla)' be obtained "' 

by projectiug FILMS onto its attributC' COUNTRY. This operation is cxpressed by': 

COUNTRIES -COUNTRY in FILMS; 
1 

The resulting rdation is shown in fi~ure 2.3. Note that FILMS has ni ne tuples and 
, ' -

COllNTRIES only has seven. Tlm is berause the values "Japan" a~'d "USA" appear 

t.wicC' in th<, attribute COUNTRY of FILMS. The projec1ion operation eliminates 

duplirate tuple's in the resulting relation. 

CO~(COUNTRY) 

Japan 
France 
U.S.A 

Sweden 
a.B. 
ltaly. 

Greece 

1 

Fig. 2.3 COUNTRfES is obtained by prdjecting FILMS onto its 
COUNTRYattribute. 

\ 

Selection operators extract a suhset of a relation's tuples satisfying a given criteria. 

The tuples of FILMS pertaining to Japanese films may he selected into a relation '.., 
JA~MS by the following select operation . 

, '.. 11 
'3 -17-
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JAPAN_FILMS ( TITLE YEAR DIR'l:CTOR' COUNTRY ) . 

Arigato-$8Jl .. 1936 iI.Shimizu Japan 
Hana Saku (f.1,.inato 1943 K.Kinoslùta -- Japan • 

- .. Ji 1 

Fig. '2 A Tu pics d('sc;~hi r;g .J a pa II~~(, F1 LM S. art' s('I('ft (';1 t 0 

('rea~(' the JAPANJ"]LMS relatlOlI. 

Figure 2.4 shows tl'll' r<.>sult of this operation. 

Aldat allows projed and sded opcrati.ons to h(' ('01llbined in singl<, T-S<,I('r!or 

-,expressiolls. For i ust ancc, if one wishe~ -to ret ric\'(' 'Ollly the t it 1{'s and di n'ct or~ of 

Ji\paùese films, t he expression: 

JAP~N._FILMS2 ~ TITLE. DIREC'FOR wllrrc C(~l1NTnY::.:: 'Japilll' in FIl~MS ;, ' 

c;reates the relat>ion shown in figur(' :V5. 
, ~o/ , -

\ ' 

JAPAN_FlLMS2 ( TITLE DIRECTOR ) 

Angato-san H.Shimlzu 
~ Hana SIÙCll\MinalO K.Kinoshita 

. 
Fig. 2.5 A single T-Selector <.>xpres!>ion comgines a s('lectioll 

operation" with.a projed to produce J APAN _FILMS2. 

~ 

2.2.3 JI-joins 

. 
The nalural Jorn is the most common member of .~he JL.join family (~~OD 70J. 

The relation SHOWING jn figure 2.6 is the natural joïn of relations FILMS and .. 
CINEFILM. The naturaI join associates tuples of FI'LMS with tuples of CINEFILM 

~. 

baving the same value of TITLE, thcir. common attrihutc. The values of TIThE 

- 18-
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SHOWING (<l TITLE YEAR DIRECTOR COUNTRY CINEMA SCREEN) 

Arigato-san 1936 H_Shimizu Japan Bijou -: 2 . 
L'Avare 1980 L.de FWles France Odeon 1 

·Hana.SaIru MinalO 1943 K.KinOshita Japan Bijou 1 
.Medea 1970 P.P.Pasolini ltaly Bijou 3 

SwÎDg Tirne 1936 a.stevens U.S.A. Roxy , 1 
Rembetiko 1983 C.Feris Greece Roxy 2 
Arigato-san 1936 H.Shimizu Japan Capital 1 

.:. Fig. 2.6 The Halura! joill of FILMS and CINEMAS. 

app<,arJJ\g HI SIIOWING an' the illlers<,ctioll of TITLE Hl FI·LMS''''Ît.h TJ')'L,E in 

CINEFILM. 

ln AIdai the naturaJ join is called the intersection join and is- designated by thC' 

IJOl7l operator. The expression: 
, 

SHOW/NG'--F/LMS ijoin C/NEF/LM; 
, 

produces the result in figure 2.G. SIIO\VING WOHld sati'sf)' .a. requesl 10 kno'\\' which 

filllls are rurrently showiIl~ at §Olllt' cinema. The ait ri hutes j>art idpat ing in t h(" 

join (in this <'x ample, thc atfributè TITLE) are called the join a1triblltés. As with 
" 

assignJllcnl oper(l1or~, join illtribules mày he specified Ilnplicitly or explicitly. The 

naturaJ join of rel~tiollS 011 noue of their attribute!> Coplputes their cartcsian prodùct. 

Two other p:joills, corresponding to'set union and differenre, will also be used in 

our metacode r.outines. Imagine that t he men and wOlllen --starring in the films are 

listed separately in the relations ~1ALE_ACTORS and FEMALE_ACTORS of figure 

2.7. 

The ACTORS relation of figùre 2.r could be reco~str~cted by the following union 
, . 

join. 

ACTORS -MALE-A'CTORS ujoill FEMA~E_ACTORS i 

- 19-
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MALE ACTORS ( ACTOR - , TITLE ) , 
F.Astairc Swing Time 
K.Uehatl{ Arigato-san 
E.Ozawa Hana Saku Mmata 
K.Uehara Hana Saku Minata 
F.Astairc' Carefrèe 

• L.de Funes L'Avare 
M.Galabru L'Avare 
L.01ivier Herny V 
R.Newton Herny V 
U.Palme Miss Jube 

FEMALE_ACfORS ( ACTOR 

O.Rogers 
S.Leonardou 

O.Rogers 
M.Callu 
A.Bjork 

Fig. 2.7 ~IALE_A(,TOHS alld FEMALE M'TOnS . 

.. 
The sei of tu pic!> in A e1'O H S I~ 11.(' 11 mOIl of 111(' op"ra nd rl'Ia 1 iom-. 

TITLE 

SwingTime 
Rçmbetiko 
CarefTee 
Medea 

Miss Juhe 

.. ' 

The diffcrence joi n se\eds t uples of 1 he I('ft operand t hal do 1101 part icipatt' in t II(' 

n~tural join. ]1 is actually the lef! d,ifferenfe JOIlI, however, ~IIlC(, we do no! II~(,' tll(' 

right difTercllcc join, we will simply rcfer to il ,a!> tll<' ddl('r('Il('(' JOIII TII(, differella 

join of FILMS wiih CINEFlLf\I, shown III figure L.H, 1" ('xpr<'!> ... (~d il!>: 

.\' (Yf.') 11 0 \ rI NU· - F/I, AT .<" <1)(/111 ('1 [\' Jo; 1-'1 /,.\1 , 

. Jt Inay he int'f'rpretcd il., the films thal are Ilot s!Jowillg <lI ally CIlU'lIIa. 

NOTSHOWING (.TITLE YEAR DmECTOR COUNTRY) 

:- Carefree 1938 M.Sandrich U.S.A 
Miss Julie 1941 A Sjoberg Sweden 
Henry V 1944 L.Olivier O.B. 

Fig. 2.8 . The differenc(" join of FILMS ami ,CINEFILM . 
.. 

The join ~ttribut(" is once again TITLE. The set of values ln th~ TITLE a~tribute 

of NOT ..5HOWING Îs the differenc~ between the set of values of TITLE in FILMS 

and the set of values of TITLE in CIN ~FILM· . 

The family of Il-joins is dc~ned in IMER 84j in tcrrns of three disjoint 'sets of 

• - 20 -
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tuph'" For gi\'(,11 olH'rand r(·lation~, H(X.Y). S(Y.Z). t!t('!>(' s('b, art' df'fiu('d on tJw .{" 

attributel- (or attrihut(· ~roupl-) X, y, Z as: 

/\ IJ •• . S 
ffUlf l' -- \ IJOIn , 

11ft 11'/1/(,0 {(x,y,DC)I(x,y) E- Rand \;j z((y,z) f- Sn -
nqhl Il'/111//\ {(D(',y,z)l(y,z) E Sand \t'x(lx,y) rf R}. 

I.J 

The tUJ>I('~ from H that'mat,h no tuplt>s ofS. augmeuted hy DC, form the' Icft 

. 
ull1iq, Silllilarly, tlw tupl('~ from S that match no tuple~ ofR. augnH'nted by DC, form 

1 • 

t he l'If/hl 1l'l1Iq, f)<' J!> il J1ull vetlue IlH'illlJJlg DOI/'f ('an IMER ~4:,' Th~ union and 

diA'I'rellef' joill!> lIla)' 1I0\\' tH' de!illed as: ' 
" 

1 •• S ô 1 f ~l ~ UJOIIl, - (1 /l'IIHI J (t7lltl U 1/Y"lllL'/1/q 

'I)d" S6 xv ' 1ft , JOln, -- , .1 ln r Il'/1/g_ 

2.2.4 tT-JOInS 

'rlle family of tT-join operatorl- are also caIled' sri Mit riO,.,." They an'cpt a valut' 

of au attrihute (or group of attrihutes) if the set of tuple!> a!>sociatf'ù with It satisfies 

a sJ)(>cifi('d condition. The coudition )!> a set cOI>l\pari~oI)' The sets are the operand 
\ 

relations. \\1(' will Illustrate four l'T-join operatiom on the relatIOns; CINEFILl\1' and 

.lAPAN_FILMS' of figure 2_9.a. These are the !ort subset l-dector. the ~('t induslOII 

selector. t11t' lIull intefl.ectioll l-et !>elec1or, and natural compositioIl: 

~'INEFILM' IS the projection of CINEFILM OlltO Its CINEl\lA and TITLE at-

tributes, JAPAN_FILMS' is JAPAN_FILMS proj(>('tt'd OlltO TITLE_ Earh value of 
, 

the CINEMA attribute in CINEFILM' is associatrd with a set of values of the TITLE 

atfribute, Thrse sets are labeled 1 to 4 in the illustration . 

. :11 -
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~IIPP():'(' 011(' Wlsh(·!- 10 s('!c("1 Ihe nl)(,llIa~ ~how"l~ ail of III<' .JapéllH'M· film:- III our 

dalaha:-e. The .lAPAI'\' J·'ILt\1S' relatlOlI I~ 111(' S('1 of 1111(· .... of ail .JapaIH·:'(· lihm. \\'c 

t1 
m'ed 10 ~e1('c1 Ihe Clllellla ... :-u.rh Illal Iht' :-t'I of titl('~ of tht' fillll~ III('Y art' :-11Ol'in~ 

ronlail1~ 11'1<' ~ct of title~ of ail .Japanese fillll~. Th('~e val\lt'~ will he seleded Ily tilt' 

set ~ubs('1 ~wl('dor in t II(' follo\\'ill~ cxpN·s~ioll. 
" "] 
ALL./AI'AN .-f.JAPAN_FnM.'·;' ç (,'INEF/Ut' , 

The s<,t inclusioll!i('I('("tor wdl returu t he ~allle r<,~ult in t II<' ('xpr<,ssiQO; 

ALLJAPAN ~GINEFILM' ,] JAI'AN FnMS' ; 

The set inclusion sclector I~ eqUlvalcnt \0 relalional divislOlI ICO)) ï2]. ALLJAPAN 

is shown in figure 2.9.h. 

CINEFlLMt (CINEMA TITLE ) 

Roxy 
Roxy 

Odeon 
BiJou 
BiJou 
Bijou 

Capital 

Swing Tune 
Rembetiko 

L'Avare 
H8f18 Salcu Mmato 

( a) 

2 

3 

4 

, 

JAPAN_FILMS' ( TITLE ) 

Arigato·san _ 
Hana S~u Minato 

Bijou Roxy Brjou 
Odeon Capital 

(b) i c) ( d ) 

Fig. 2.9 The CINEFILM' and JAPAN _FILMS' relatlOm art' 

rf>prcsentcd III (a). The results of vanom rr-Joins are, 
dlustratcd III (b),(c), and (<1). 

Our user now wishes to select cinemas showing no J apanes(' fil ms. The set of titles 
1 

associated with these cinemas will not intersed with the titles III the JAPAN -.FILMS' 

relation. 'The 7ollowing null int ersedion set selector will ret urn the desired valu('s. 



c 

c 

S() ,lAPAS· C/SEFlLAT' n .//\1'1\1\ FI L\ 1."" 

1'h(' re!>ult of t hi!> Ol)(>r~tioll cali 1)(' "iewed in fi~ur(' 2.!1.c. 

The rlO/unII (011l1)()stlf()7/ 0IH'ratlOfI l!-o tht' contrar) of the null inte'rsedion set 

, 
selec1or. Natural composition selects \'a.llJe~ if their corT(>spondiIl~ ~ets have a nOIl-

...rmpty inter'iec1lon with th€' reference set. Natural composition I~ {'quival€'nt to a 

natural jOIll followed hy a projer!ion onto ail attrihlltes exct'pt tho~e participatin.g in 

the join. In our ... alllpl{' dalctba ... e; one ean ~('I{'\t t he cinemas playing SOllle .Japanese 

film!> with t Il(' followlllf!; nal tlTal compo"lt IOn. 

SUAlE .JAI'AN· ('INEFnM' icomp JAPAN_FILJI.1S' ; 

,SOM E .IAPA I\: i ... illlJ~t raled ITI fif,!;llre 2.9.d 

2.3 The Domain Algebra 

The dOlllaill algebra defilles l'Ir/liai a/trzbufcs which may be acfua!t::rd when 

ne<,dt'd. 'When Iltiliz(~d 10 ils full potential, Ih'(" dOlllain alp;ef>ra pro\'ide~ facilities 

su ch as af)tl~Illetic. totahng. orderinp;, ('te. A t horoup;h de~crjptioll of the dOllléfln 

algel,ra ilia)' 1)(' found in IMEH ~ql. In t1m thes)!> we will the th(' dOlllilin algebrn 10 

as~igIl·tConstant \'alues 10 virtllal attrihute~ and to rena.llw <trtnal attrihutes. 

Suppose t hat in our ~alJlple datab~,se ail ciIH-"ma~ rharl!;t' the "alllc admissioll pri& 

to ail fillllll \\'e ritn'aefine cl virtual attrihllte a~ follow~: 

Jet PRICE /)(' $5.50. 

Vntual attributes are Ilot assocÎated with any relatIOn until aet ualized, mllally hy' 

" 
proje<,tioll. Virtual aHributes must be a.dual~zed before beill~ used hy the relational 

algebr.a. The following expression will produce the result in figure 2.10. 

- 23-

'. -



·1 -

. .. 

'. 

CINEP~CE (CINEMA ADDRESS 

J(oxy 123 Main St. 
Odeon 987 Park Ave. 
Bijou 645 Maple Rd. 

Capital 392 Uruon Blvd. 
c 

PRIeE) 

$S.SO 
$S.SO 
$S.SO 
$5.S0 

Fig. 2.10 Ali adllitlizatioll of the virtllal attnhule PHJ('E. 

CINEI'H/C'E· - CINEMA. A J)J)H ESS, l'I{/CE III ('IN/~l\IAS: 

III t his !>illlP-lc eX<l.lllple 11\ Wllldi the virn;;d at t T1hlll<' I~ dt·lilled "" ,\ t'OlI!>tallt 
l 

value, PHICE rould he replaced by"a Sill~l('toll UllcHy relation; PInCE, with tl.t· al· 
; 

(ribute PRIeE having the nlue $.').50. The r{,~1l11 111 fi~llre 2.10 could have hel'II 

obtailled by performing the citrtesiall prodllcl of tilt' r('latlOTI PHICE wllh Ihc pro· 

jeclion of CINEMAS 01110 C'INEJ\lA and ADDHESS. In \ilOT(' romplex ('xpressiom 

virlual al tribllles IPay IIO! IH' ~{'placed ily relatioll~ a~ 1 h('ir valu('" are delerllline<1 by 

act\1alization. TIH' J1ere~<;ary (hstlllctioll helwe(,11 vlrl \lai atlrihu\('" and relalion!> will 

PRIeE can be é\clualize<1 011 any f('lal iOIl in th(' database. Olle 111ealllllgflli cxam· --

. pIe would be to projecl the relation FILMS 01110 ils aet ual attrihlll('~ il~ weil a~ PHICE 

to include the admission pnc(' in 1 he f(·pr('~elll<l.I\OI1. Il wOllld not \)(' lI\('aningful 10 

aet ualize pnce on the ACTOnS rela1\OII. 

Attrihutes may be renamed by,defininl!; an <'<juivaJent virlual aUrihut(·. The AIdaI 

statement: 

Jet NATIONALlTY he COUNTRY; 

rename!> the C.OUNTRY aUribu.1c. A reference to the vlrtllal aUribut<, NATIONAL· 

1 

ITY rcfcrs to the actual aUribllte COUNTRY. The utihty of,tlt.ese constructs williw 
. "' 
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Chapter 3 
Proce~sing Queries- on Data 

Shared Between Two Hosts 

'. 

We will now (bslril~lt(, Ihe sarnp){' dalaha~t' 1>('lw('('11 Iwo pr()\t's~or~, 1I()~1 A all(\ 

-
Ho~1 H. TIlt' relalion'> \\ illnC'itlH'r 1)(' fraJ,!;l1H'nled Ilor Tt'pl!calt'd 'l'II(' data di,>lrI~l\Iti()1I 

1JI\1~1 IH' tran-;parenl Jo 1 hl' lI'>('r. Tlwf('lon" it h IIp to tll(' nBl\lS. in OUT (a.,/, Altlal, 
b '1 

) 

10 delerlllillc , .. hal porJ ion of 1 lit' qll('r~ Ill(t~ he rl'wlvf'd lo( ,dly illld wh,lf port JOli 

T<'<!uirel'l rt'lIIo1e data TIl(' ,ho~l ... only ha\'!' knowlcc!l!:<' of theil-local ,>( 1J('lIIil!o.. Tlwy 

cOlllmlllnicate h)' t'xchangilll!: 1II(''''~,I/!:(''> in the form of relatiom. 

The query excculion al/!:orilhlll i~: 

1. Decompose into local and f('mole sub(!ueri(·s. 

2. In parallel : 

2.1 Exccu{{> local query. 

2.2 Tran"mi 1 remole qlH'ry and r('cei\-t' b!ll of remole)y availrlhlt· d;da. 

3. Determipt' which relllolely available dala ar(' n('ec!ed to (·olllpl(·t(· oriJ,!;inal «(lH'r) 

and request tltal they he ~(,1I1 hy nelghbour. 

, 4. Onc(' remot<, r(,slllt~ have ),('('11 r('("('lved, lIIerge with local r('~lI)b 10 oblain nif' 
amwer Jo origlTlal <tucry. 

In the discussion of our distributed query proc{'ssing strategy, we asc;Ù"u)(' Iha! tilt" 

. 
network is reliable, i.e. ail messages art> recei ved without error. Optimizatioll hal> 

- 2fi· 
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1)('('11 /I('~I('c1 fd a~ wc wish 10 IHeM'n' a frasi hl(' ~t ra 1 ('~U" "<,fof<' t r~ III~ t 0 opt i mize. 

-
WI' will h()\\'<'~('f IIIcntion il hri('f1y in rllaptrr G., 'l'II(' (lalalJase i~ assullIrd 10 1)(' " 

(,()II~i~t('lIt, alld a~ queri('s are rrad-only it will n.'IIJ(\ill ~o. 
4 

At ra('h host t.here is il metadata rl'Iation, SCHEMA, dcscribing lo('ally ac('~ssihl(' 
~ , 

dala. The SCHBMA relation Ii~t~ alllorai relatioll!> in ils RNAME fidd with their 

.('()rr('spondillg attrihutrs in the DNAME,field. Figure 3.1 shows how the databasc of 

/ 
Chaptcr 2 ('ould he distributC'd bctwecn tllC' Iwo 1I05t5. 0 

" 

CINEMAS 
CINEMAS 
CINEMAS 
CINEFILM 
CINEFILM 
CINEFILM 

HostA 

" 

CINEMA 
ADDRESS 
SCREENS 

TITLE 
CINEMA 
SCREEN 

RNAME 

FILMS 
FILMS 
FILMS 
FlI:MS 

AcroRS' 
AcroRS 

HostB 

Fig. 3.1 The loc~) schen{as of ho~1 s A and 'B. 

1 

DNAME) 

,TITLE 
DIRECfOR 

YEAR 
COUNTRY 

TInE 
ACfOR 

~he remote subquery may be considered as the original query minus the local 

schema. As the schema is represented as a relation, we will also represent the query as 

a relation. Thé schema may then he subtracted from t hc query using Aldat operators. 

) 

• 
3.1 Representing Queries as Relations 

Consider the following query on the database of Chapter 2 and Hs Aldat repre-

sentation : 
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"Fill<1 the II111l1eS and ad,dr('~~('~ of ("JIH'lIlas sh()\\"il\~ films st arrill!!; L('(, Marrill." 

o LEKF/J..A1S ~-(,JNEMA. AD])UESS III 

{( 1\ l,crc AC"/'OH =- 'LC'(' Mitf\'ill' ill ACTOUS (iD;" CINEF/Uf) 
ijo;J/ C1N(~MAS) : 

'\ 
Figure 3.2 rl'presents the Aldat expression as a tree: 

) 
'. 

[CINEMA, ADDRESS] in , 

1'3 

o. 

. /.~in~ 
1'2 0 0 CINEMAS 

/.jOin~· -
, _ O'CINEFILM Tl 

where, 
ACfOR = 'Lee Marvin' 

AcrORS 

Fig. 3.2 Query exprèssioll 3.1. 

'The root node corresponds to the resuIt, leaves are the operands. Other noues 

are temporary relatfons containipg irltermediate, results. A query is not necessarily a 

tree but rather ~ directed ac.yclic grapn (DAC). The expression: 

"Find the films starring Fred Astaire but not Ginger Rogers." 

FRED_ONLY..J.(TITLE wlJere ACTOR = 'Fred Astaire' in ACTORS) 3.2 
djoin ITITLEJere ACrOR = 'Ginger.Rogers' in ACTORS) ; 

/ - 28 -
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0-
; 

FRED_ONbY 0 

/pm~ 
T40 OTS 
.~/ ~_. . -

TIlLE whcre TIlLE where 
ACI'OR = 'Fred Astaire' • ACTOR = 'Ginger Rogers' 

ACfORS 0 _ . " 

" . 

Fig. 3.3 Qucry expression 3.2. 

is rcpresented in figure 3.3. 
i} 

A -direded graph may be represcnted as a binary relation with ~ tuple for each 

, 
cdge. Attributes ('orres pond to the source and destination. nodes. Additional at-

1 

, ~ributcs are needed to ('omplctely descrihe a query. TIle Q~XP- relation in figure 3.4 

represent s ex'pressions :3.1 and 3.2. 
," 

The RÈS ~nd RNAME.attributes are the sourcc and destination nodes of an 
'\ . 

edge. Destination nodes are in fad the opcranas of a relational operation rcsulting ",. , ~ 

in a c'ommon source node. ) An operand may be a pcrmanent data relation' or the 

result of previous operations.' An OP aUribute is requircd to specify which operation , 

produces the resuIt in RES. aRD identïfies,the'opera~'d in RN~ME as left (L) or 

right (R) for binary operations, or as uniq1,le (U) fo,; unary operations. Finally, TYPE 
l . 

.indicates whether RES is a resulting (R), témporary (T), permanent (P) or available 

Cil 
(A) relation. Initial)y, only the first three value~ppear in TY~E. 

" 
Each edge of the· expression DAG has a corresponding tuple. While writing code 

, . 
to manipulate QEXP, it was found desirable to have an enlry for each node in the RES . 
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j' 

1° 

... 

QEXP( RES OP RNAME ORD TYPE) 

..- LEE_flLMS [CINEMA. ADDilESS) 1'3 U R 

TI ijoin 1'2 L ,T 

TI ijoin ClNEMAS R T 
1'2 ijoin Tl L T 
1'2 ijoin CINEFILM R T 
Tl ACfORS U T 

wherc 
ACfOR='Lee Marvin' 1 

ACI'ORS id AcroRS U P 

CINEFILM id fi' CINEFILM U P 

CINEMAS id CINEMAS U P 

FRED_ONLY djoïn T4 L R 

FR,ED_ONLY djoïn T5 R R 

T4 
TITLE where AcroRS U T 

ACfOR='Fred Astaire' 

T5 TITLE where ACTORS U T , . 
AG.'TOR='Ginger Rogers' . 

Fig. 3.4 Relahonal representation of rxpresslOm :( 1 and :L2. 

field. To (\chieve this, a tuple for ('aeh terminal nod(' i~ added 10 QEXP'wÎth eOlllmon 

values for bath RES and RN A ME resulting from Ihe idf'nlity (zd) oprrator. Art('T 

this addit.ion, QEXP, is no longer a tTue DAG as ternll'hal node!' are unit cycles. Wc . 

choose t 0 ignore thi s discrepancy and continue rcferri ng t 0 the gr.-.aph repre~entations 

of expressions as DAGs. ") 

Several relations ~f the QEXP io~mat lIl,ay parti~ipate in a glven application, 

each containing one or many expressions. In our examples, nallws of QEXP rélations 

always terminate with "QEXP" to distinguish them eru.ily from data relations. 

/~ 

3.2 Decomposing Q ueries into Local and Remote 
"Components 

, 
As was stated in section 3.1, the terminal nodes of the expression DA ç; are the 

... 

{-\ 
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., 

1 

" .~ t 

0JH'raJ)(1 f(·lalioll~. ·A" oJH'rand is lo(al if it 1:" pr<>:-.('1I1 in tlw-Iofdl :-.c1H'lna. A p'sult 

~ 

rf'lafioJl, ('ith<'r intf'rIIwdiate or final, can he ('ompllted IOfally if ail of its descendants 

are local or loc.dl)' romputable. A lOfai suhquf'ry corre~ponds to an)' s\lbgra~h of the 

corresponding DAC !o\1fh t\at ail terminal node~ in the slIbgraph are locally accessible. 

, 1ft.}J{' DA<; i!o il tf(>(' the ... uhgraJ"h willlH' a slIbtrc('. A r('lI1ot(' subquerj çprresponds 

\ ~ . 
to any huhgraph of tll(' (Off('hponding DAC; ~u('h that 110 lIode:,. are IO(,éllly acc(,h~ible. 

AhsU1l1t' Ihat </lH'rwh :LJ and :t2 originate al Host A with relation~ CINEMAS 

and CJNEFILM availahl(· locally. ]n the case of query :1.1, the subtree with root Tl 

is il f('molc ~uhql1ery. CINEMAS and CINEFILM are Ipcal to Host- A. Query 3.2 is 

"'" 
enlirf'ly re!llole. a 

. ct: . . 

'1'0 oht.ain the lOfai a,Hd rCIllote d('('o:\~~jtiolls we compute the transi/i\'(' dosUTe 

of RES and HNAME field~ III QEXP. The transitive dosupe augments Ihe DAG, 

addillg Ile\\' ('dg('~ UlJtil each lIode hrl!o an edg(' 10 ail of its de~cendanls. Terminal 

node~ are vi('\\'ed a ... desc('ndanl~ of thelllselve~ due to the Id operation. The TRANS 

relation in figure :3.:) i~ tht" transitivt" dosuft",of 'tI\(, QEXP relation of figure :3.4. 

An expressIOn is rt'Illote if 1.0 part of it i~ jn C-OlllIllOIl with the local sc-hema. 

- Remote relatioll:' and resulb can be identified as values of the RES field in TRANS . 
sm·h that no a~s()ciated HNAME value!l are "part of the local schema. A (T-join COIll

-1 

puting the null intef!oedion of TRANS and SCHEMA will seled the values of RES 

('orrespondinp; t 0 Telllol e H ES val t1e~, namely t hose wit h nO' local desccndan t s. The 

. REMOTE relation in figur(' :L5 is t lw.nullmtersection of TRANS and t he SCHEMA 

\ 

of Host A. The Te)lOk subquery is t.he subgraph of QEXP with remote values in the 

RES field. 
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AIl t'xpre:-,:,.joll il> local if ~ll oJ>('rall<l:-- afe pn'wllt 111 tht' lorall>dH'lIlél, \\'hi1l' rale,,-

lat in~ t he local S1I hexpressioll, t empora ry n,lat JOIl,/-> afe Ilot (,ollsidered (Il> O!H'fllll<lt-. il'> 

. 
tbey a~ thel1lselvc~ derived from otll('r IlOl,I·tcmp(lfar) Opt'T(luds illld <10 lIot appl'élr 

in th", schema, Local re.1ations ami TI'Su1ts are ('OIllPIII!'c\' l1:,.ill~ tl\(· 'J'HANS' felatiol\. 

. - \ 

TRANS' il> the "1Ib~raph ofTHANS wil 11 tcmporary \11111(':-' TI'lIIo\'c·d (rom t III' O!>I'f,III;'--' 

field, RNAI\'IE,(!-.ee fl~ur{' :Ui)., III 'l'HANS', l'(teh I\oell' III HE~ 1:" a,>~ori,lIc'c\ \\'ith ,dl 

of t.he operand rcl," iOIl~ from whirh it i:,. c\efiv('(!. If il fC:"lIlt i" ou" a"~o('Jiltc·d WI t Il 

local oper.n d r .. 1 a' ion h, ;, III.) h .. rOIl1 p \1 t .. d I .. r a II), T Jo.. M" ; ni",' t . "Jet ur " . .i .. ; n "r 

TRANS' (lnd SC'HEl\lA (01l1put('!-. the s('t ofHES \'"lllc'l> :--udl,that tl\l'('oTrc·l>polldlllp., 

RNA ~·1 E val lIC:" a fI" a .., Il b~fa p il of t II(', ~ch(,lIla. '1'1)(' L()( • AL fI'la t iOIl III lip.,\1 fi' :L;I 1:" 

.. 
t'III' result of tlll~ jOln on lIw ~alllpl(' dala. The IlIplt'l> <if QEXI' \\"itll tlll':--(' vallll'I-o in 

t h(' RES fi('ld forlll t Il{' locally ex('clllahle suhqueT). 

The followiJl)!; Aldat code dpcolII!>o'>('l> QEX P illio il ~ 'Iocal and r<'lIIotl' ('OIlIIHI-

nenfs. LQEX P élnd HQEXP. u!-oin)!; tll<, local !\dl(·mél. 

, Procedure Decompose, , 

Bef!,ill 
• l ' 

{ Camp'lIte trallsitive closr;re ~f RES alle/RNA/HE III ÔK\/, } 

TUANS ,- (RES. RNAME in QEXP) Il./0JJ) 

TUAl\-S {RES lCOJ/lp IUYAME/ (ilES, UNAME iu Q/·:XP); 
n 

{ RQEXP will fOIIiaill e1ltirely [('mote .~111)((Il('r.r } 

REMOTE·- ~ES ill l'HANS (à}SCllEMA : 
RQÉXP -~- QEXP ijolIl REA10TE : 

{ Elimimtfe t1'illporary relations i1l RNAME a/tri/mle ofTHAN8} 

TEMP --RES where TYPE.= 'T' ill QEXP ; 
TRANS' - TRANS IR~AA1 E d.lol1l RES/ TEMI) ; 

{ LQEXP will ct.1tai1/ 'entirely local slIbCfllery } 

L,oCAL +- RES TRAN~ C; SCHEMA: . 
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IJql~Xl) ,- QEXP ijojll LO('AL : 

End Decomposè ; 

Figllr('~ :t5 aud 3,u sh()w the _illt<,rlll('dint (~ alld 'fi liaI n'sult ~ ~)f the aho\'(' ('ode 011- -

t h(' sell EMA and QEXP relat,ions of figures 3,] and :l.4, 
, l ' 

1 TRANS ( - RES RNAME' ) TRANS'\( RES " RNAME) 

LEE_HLMS TI :LEEJ:n.MS CINEMAS . 
LEE_HLMS 1'2 " LEE_FILMS CINEFILM 

LEE_FILMS CINEMAS LEE_FILMS ACTORS 

• LEE_FILMS Tl TI CINEMAS 
'1> -, 

LEE_FILMS CINEPILM TI CINEFILM 

, LEE_FILMS ACTORS 
\-

TI ACTORS 

T3 1'2 1'2 CINEFILM 

T3 CINEMAS 1'2 ACTORS 

T3 Tl 1 T~ ACTORS 

" T3 CINEPILM AcroRS AqoRS 
. 

T3 ACTORS .' CINEFILM CINEFILM 

{." 
1'2 Tl CINEMAS CINEMAS 

\ 1'2 CINEFllM FRED_ONLY ACTORS 
.-
1'2 ACTORS T4 ACTORS 

Tl ACTORS TS ACTORS 

ACI'ORS ACTORS 

.. 0 ClNEHLM, CINEPILM , . 
" 

1 CINEMAS CINEMAS 

FRED_ONLY T4 LOCAL ( RNAME t 
" 

FRED_ONLY 
, 

TS ÇlNEFlLM 

FRED_ONLY ACI'0RS CINEMAS 

T4 ACTORS 

T5 ACTORS 

REMOTE ( RNAME ) 

Tl '" -
ACTORS 

FRED_ONLY 

~T4 1 

1'5 ~ 

lG 
Fig. 3.5 Intermediate results of query decomposition. 
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(l 

1-

RQExg( RES OP RNAME ORD TYPE) 

\ 

Tl whcre ACfORS U 
ACfOR='Lee Marvin' 

, ACfORS id ACfORS U . 
FRED_ONLY dJOin T4 L, 

FRED_ONLY djom T5 R 

T4 TIfLE where ACfORS ,U 
AcroR='Ginger Rogers' 

T5 TIfLE where ACfORS U 
ACfOR='Fred Astatre' 

LQEXP ( RES OP RNAME 

CINEALM 

ORD TYPE) 

CINEFILM id U P 

CINEMAS id CINEMAS u p 

Fig. 3.6 Final results of query d('composltion. 

j,r 

T 

P 

R 

R 

T 

T' 

'1 

The query i5 assumed to origlllate at Ho~1 A, No\(; Ihat th('union of HQEXP ~lIId 

LQEXP does o~t cqual the ori~inal QEXP f(·latloll. Thi~ i~ 1)('('au5(' certai" n'~lllh 

arc a combi"ation of local and relllote ~l1h{'xprt':-~JOII~. 
" 

f 

, 

3.3 The Query Dial~gue' 

" 
Once QEXP has bloen decomposed, the local suhquery can hç ext'cuted. ThC' .. 

- - ~ 
art uaI execution rnechanisllI ~ill not be discus~ed until t h(' followillg chaptn. For 

the present it i-s assumed that once an expn'ssion ha!> 1)('('11 ex('cuted, ail result!> ar(' 

1 

accessible at the host where the (i)peration has been perforrned. A binary relation, , 

'RESULTS, lists the name~ of r~sulÙng relations in the RNAME aU ri bute and the 

origin of the results in the SITE aUribute. AlI RES values of the LQEXP appear 

~j 
ID RESULTS with the value" A" in SITE, as local results originate from Host A. 
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HESULTS al"o contaiIl~ lH'flll<lJl<'nl r{'I,!fion ... f(· ... lIlting frolll Il)(' u/olwratioll . 

, . 
to tlJ(' ho~t\ 'H'i~hhour, in thi ... ca.,,, lIosl B. The' J\l'i~hhollr relH'ats tll<'<!('COIIIIH):-iti;)1I 

and local ex('cutlOn pha~e~ of qlle'ry proc('ssioll~ on th(' incoming qu<,ry relation. In our 

('xalllpl(' Host il wi.ll be able to rl':,olv(' t hl' elltirc query sent by Host A in" HQEXP. ft 

tll('JI :'l'll<ls lIo:,t A it~ HESl'LTS rdation whidl IS appcnded to lIost A 's HESULTS 

r('lation fi!> illu:,tr;(t('d in figuf(' :L7. 

.;' 

RESULTS ( RNAME SITE ) 

CINEMAS A 

CINEFILM A 

Tl B 

ACfORS B 

FRED_ONLY B 

T4 B 
.~ / 

T5 B 

Fig. 3.7 Local and rCll1otC' results Ijsted in RESPLTS rdation. 

Host. Amay now ask Host B to send it .the relations n('cessa~y }o complete its j 

knowledge. Not ail results are necessary. For instance, Host A does not need the' 

rdations. T4, T5 and ACTORS if it receives Tl and FRED_ONLY. 

Hr can Host A deter.mine what reSUI(it neetls from its neighbour? Only t90se 

net"ded for remaining operations should he turned. At first glance it seems possible 

to decide at Host B what must he returned and to send it directly. It seems logical 

. -
to return only the topmost results in t~e DAGs representil1g the remote subquery. 

In the given example this would work: Tl and FRED_ONLY would>be returned as 

need~d. However, suppose the original QEXP at Host A also con tains t~~ following 

- .15 • 
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(' 

------- ---------------------, 

UFlIId the fihllh playing al th(' B..Qxy a~ w('11 a~ the a("ton. ~larring: III th"II\'·. 

ROXLSTAllS <-- TITLE whrfc ('IN EMA .. '/lm.y' il! ('IN EFnM .'1.'1 

• .i0JII A('TOUS ; ,n 

Tht' rorre~ponding expression DAC and aU~IIlCllt(·(~ -QEXP arl' !-lwwlI in fi~IIr<'~ lX 

and 3.!1. 

1 

TITI..E whcre 
CINEMA = 'Roxy' 

CINEFILM 

Fig. 3.8 Qllcry expression :U. 

-1'II('-]o<'al and rrlllok rOIll)\OIH'llts of 1 hi~ expression are the rdati()n~ 'l'fi and 

ACTORS respertively. The deromposition of this nev: QEX P relation will prü<!u('{' 

the LQEXP relation &hown in figure :3.10. 

As ACTORS aIready figures in RQEXP, the addition of expre~sion :L:l to QEXP 
\ 

does
e 

not alter RQE,~wever, ACTOnS must now he r<;,turfîèd to Il ost. A in order 

to compute ~he r~lation ROXY _STARS. It is the "Ieft over" part of QEXP at Ho~t A~ 
combining local and remote subexprcssions that dctermines what must he recelvcd 

from Host B to complete the original query'. This residual query will be computed in 

the relation MQEXP ("M" }or merge). 

, 

__ J 
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1' 

, 

C 

QF.XP ( RF~ OP RNAME ORO TYPE) 

LEE_ALMS (CINEMA, ADDRESS) TI U R 

T3 ijoin 1'2 L T 

T3 iJOin CINEMAS R T 

1'2 iJOin TI L T 

1'2 ijoin ClNEFILM R T 

Tl 
whcre 

AcroRS U T 

AcroR=1...u Marvm' 

ACTORS id AcroRS U P 

CINEALM Id ClNEFILM U P ... 
CINEMAS id CINEMAS U P 

FRED_ONLY djoin T4 L R 

FRED_ONLY dJOin TS R R 

U T-T4 
AcroRS 1TI1.E where 

AcroR='Fred Astaire' 
T5 Tl11..E where AcroRS U T 

ACfOR='Gingcr Rogers' 
ROXY_STARS iJOm 16 L R 

• ROXY _STARS iJOin - AcroRS R R 

T6 ~CWhcre ClNEALM U T 

C A ='Roxy' .. 
Fig. 3.9 QEXP relatlOlI with the addition of expression 3.3. 

LQEXP( RES OP RNAME ORD TYPE ) 

CINEALM Id CINEFILM U P l' 
CINEMAS id CINEMAS U P 

T6 1TfLEwhere CINEFILM U T 
~ CINEMA = 'R'oxy' 

Fig. 3.10 Local decomposition of QEXP relation in figùre 3.9. 

At this stage of query processing all relations in RES U LTS are available, either 
~ 

locally or from Host B. Hence, the fourth possible value in the TYPE field of a query 

~ 

expression relation, "A" for available. Sorne of the relations listed in RESULTS may 

be final results such as FRED_ONLY in our example. Final results are identified and 

. .17· 

Il 



lO 

, 
\ 

li~1e(1 ill il ~('pilr.lt(' reiatlOlI, FIN/\LHESllLTS. a~ t1wy 11('('<1 IlO IOIl~('r II(' 1,1~J1 11\10 

"("COli III. FI NA L. H ES li LTS i~ of II\(· ~a Illt· for III al, il' H ES t1 LTS. 

'1'0 obtaill MQEXP, ail IIIJlI('~ will. \"t1I1(,~ 111 Ihe HES fi('ld ('(Illal 10 rt'Iilliom in 

\ 

RESliLTS arc rClIIo\,'('<1 frolll QEXP. T1,is dill1illat("~ (·d~~·~ frolll the DAC: l'''rlai,,· 
o , 

iuilO op('ratioll~ whirJ. have aln'ad)' \)('('11 ('x('("llled. 'l'he relati()Tls in the HES field 
( 

of t he relllitinill~ 1 uÎ)les circ 1 h(J~(' wltid, !m.vc 1101 yet l)('cII t'xecuted, a!- th('Y a.re il 

cOlllbillation of loral and relllo!e data. Hcdundant resulls ilia)' 1l0W he Hlciltific<l as 

1 
those appearing neither as opcrands in the HNAME attnoute of MQE;XP, n6r as ~ 

final results. Rcd«ndant results are listed in the relation HEDUNDANT _RESULTS. 

Now, RESULTS lIlay bc updatcd by elilllinating redundallry. The HESlILTS rela· 

!ion of the givcll cxal,uple is shown bcfore and after dimination of f('dulldancy wlth 

FINAL.RESULTS in figure 3.11. 

RESULTS ( RNAME SITE 

CINEMAS A 

) FINAL_RESULTS ( RNAME SITE )., 

FRED_ONLY B 

CINEFILM A 

T6 A REDUNDANr_RESULTS ( RNAME 

Tl B T4 

ACfORS B 
T5 

FRED_ONLY B RESULTS ( RNAME SITE) 

T4 B CINEMAS A 

T5 B CINEFILM A 

T6 A 

Tl B 
(a) ACTORS B 

. (b) 

Fig. 3.11 RESULTS relation (a) origillally and (b) after 
elimination of redundant relations with 
FINAL-RESULTS and REDUNDANTJtESULTS. 

• .'/8 -

a -

SITE) 

B 
B 
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c 

, , 

MQEX l' must t hell hav(' il lupl(· ilPI)('lul('c1 10 il for each perlillrllt f('~1111 relatjoll. 

Th(' f('lal ion ... III H ESPJ,'rS I!I,IV IIO\\' he COl}.8id('f(·d a~ terminal lIod('~ ill Ile\\' expr('!'i-. , 

sion ))AG~. 'l'III' II('W lIodes wIll have Id ill t))(' OP fi(·ld ,1IId "A" ill 1 II<' TYPE fidd. 

F'igure 3.12 show~ the MQEX-r re~ulting fTom the QEXP of figurc 3.9, the HQEXP 

of figure 3.(1 and the LQEX P of figu Te :UO. Figllrr :~.13 IS t he DAC Tcprcscnt ai ion of 

MQEXP. 
il 

P 
d 

'. 

MQEXP( RES 
LEEyU,.MS' 

1'3 

..... 1'3 

1'2 

1'2 

ROXY_STARS 

ROXY _STARS, 

CINEMAS 

CINEFILM 

T6 

Tl 

ACfORS 

OP 
[CINEMA. ADDRESS] 

ijoin 

ijoln 

ijoin 

ijoin 

ijoin 

ijoin 

id 

id 

id 
" 

id 

id 

RN AME ORD TYPE ) 

TI U R 

1'2 L T 

CINEMAS R T 

Tl L T 

CINEFILM R T 

T6 L R 

ACTORS R R 

CINEMAS A A 

CINEFILM A A 

T6 A A 

Tl A A 

ACTORS A A 

Fig. 3.12 'MQEXP is tht' portion of QEXP combininp; local and 
remot e reslllt s. 

<: 

Host A will ask Host B to scntl it any relations in RESULTS where SITE indi-

cates Host B. The t uples indicating these relations are selected into REQUEST. A 

REQUEST relation has a single attributc, RNAME. Whcn a requcst relation is sent, 

the recci-ving host understands that if must return the relations named in RN AME 

to the scnding host. 

, 
Determine_Request creates FINALRESULTS by selecting tuples from RE-

SULTS such that the RNAME value does not appear in the RNAME attribute of 

- 3.9 -
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[CINEMA, ADDRESS] in 

ROXY_STARS 0 
ijOi~ 

o ACTORS 

1 
T6 

T3 
, 

/jOin~ 
Tl 0 0 CINEMAS 

/.~in~ .. 
Tl 0 O·CINEFILM 0<' 

Fig.. 3.13 pAG repre!>clltatioll of MQEXP. 

QEXP. In the DAG representalion tbese valU('s (orr('~pon'(l to lIod(·~' with 110 pr{'-

dcccssors. If t,he DAG is a forest, root I1od('~ are S(:lect('(l. MQEXP I~ ïllÎtlil.lÎzed 

- . 
by r~llloving t II pies iden t ifyinp; il relat ion III the H ES at tri hu If' t ha t ha!> al rcady IW('Jl 

compute,d. Redundant resulfs are then listed in H.ED.tJNDANTJlESl~LTS. Althou~h 

redundant results are of no more COll cern Hl this chapter, they will he lwed('d when . . 

'query Rro('Cssi~ IS extended to an arbitrary network, RESULTS is updatt'd hy re-

IIloving redundancy and used to complete MqEXP, 

Procedure Determine~e'quest ; ,\ 

Begin 

FINALRESULTS -RESULTS djoin QEXP ! 

{ Eliminate operations tIlat have. already 'been executed } 

MQEXP -QEXP {RE"S,djoin RNAME] RESULTS ; 

" '{ Select results not needcd as operànds } ~"",r 
\ 
\ 

REDUNDANTJlESULTS -(RESULTS djoÏIJ MQEXP) dJoin FINAL_RESULTS;' 

{ Eliminate redundant results [rom RESULTS} 

- 40 -
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Il Est' L1'S ·-llESULTS d)oil' U J~J)ll[\'/)AYr U ESl; tTS : 

{' COlllp/('/(' !I1QEXP wit}, /(Iopefatioll {ur t(,flllil/ail/odes } 

MqESJ' lUES. 01', HJ\'AfIIE. ORD. 'lTPE ·--f 4 

......,. HNAME. 'ul', If J\'AfIIE, 'll', 'A 'J in llESULTS ; 

Elld Determ,ine_Request ; 

Hm,! A II0W srflds a HEQtJEST relation to Hos! il. HEQUEST lists remote rela-
" 

tiulll> a"p('arlll~ ill the'upda!cd HESULTS relation, with any final results available at 

Host B. 'l'wo hll{,!> of Aldat cod(' suflic(' to \rcate REQlTEST. 
1 

REqUEST ~RNAME w},ef(' SITE =1- OWIJ 111 RESULTS; 
l' REQUEST -+ RNAME ",lu'fl' SITE 1- 0\\"11' i" FINAliRESULTS ; 

Here and in upcoming routines, a ~onstant, oum rcf('rs to the namc of the local 

host. .ln this case own ha~ the valu(', "A". Host B will return ail relations listèd 

iJl I~EQ{TEST~ Fi~uTt· 3.14 shows the REQ1TEST relation dcrived frorn th(' given 

('x am pJ<.. 

. REQUEST ( RNAME 

Tl 

AcroRs 
FRED_ONLY 

Fig .. 3.14 Resulting REQUEST relation to he sent to Host B. 

Assu'ming the ,query was ("orre("t and referred to existing 'relations, JIost Amay 

1 now ex('cute the remaining operations in MQEXP. 1'0. éheck that all necessary result 

. . 
r~Jations are indeed present., a cali to Decompose with MQEXP and RESULTS 

as parameters will produce a nev.: LQEXP that shoulg.. equaJ MQEXP. If not, the 

operations in l\1QEXP that do not appear'in LQEXP are unresolvahle as the data is 

present ncither locally nor remotely. 
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Chapter 4 Executing Query Relàtions 

... 

')Once we have ('xprt>ssed (IUeri{'!-> a~ T<>latiom W(' \lI11~t find a way to,C'X('( nif'. HII'III. 

, . 
QEXP rclatiolll- off('r a canollHaJ format for f('pn'sl'lItlll/!; arhllrary quC'rlf' .... II Wc' 

HOIl pro/!;rrtlll to execule Q'EXP rt'Iallon ... 011 (tlll(')JIIcal d,da. Allotlwr advilntag(' 01 

. . 
callonÎcal data Î~ a COll5tant fOTlllat f(,lT trélll"'lIl1ttIll/!; illld- n'CClVIII/!; clétt,l Tt·latlOlI". 

AIdai În1<>rprpter such as Rdix fLA t HO]. Tht' fronkJld rC'con ... 1 rllct.. opf'r:wd f('lallOlI'" 

, 
fro~lI their canonical forlllat a,Ju! wcomtruct ... AI<\,11 ('xpr<>'~JOII" frolll QEXP rclatlCllI", 

AidaI may then interpret the expr(,5sÎolI~ a5 m'lIai. Fi/!;uf(' ,1.1 11l1l~1 rail' ... 1 hl" loglc 

T~is chapter will al~o explore the comtructlOIl of the CftllOIlICal relatlOlI fro"l f·xJ .. IJII~ 

dat;t rélations and flle convcr~i()n of Aldat expre .. sions 10 QEXP,TI·latlOlI", 

4.1 A Canonical Representation 'of Relations, 
" 1 

A relational dat abase may be' represen t ed III one rel ,lI IOn of form at : 
.~ 

CR ( RNAME TID DNAME VAL) 

Where RNAME is the name of the reiatlOlI, TIn Identifies tuj)lel>. J.)NAME il> the 

A • 

r 

.. 



I.~ 

\ 

QEXP 
~ 

, 

1 
Reconstruct Aldal 1 Reconsb'Uct Dû 

EXpUsions &ott! QEXP Re1~ from CR 

Frœt-ed 

. GeoeraIized Execution Program 

Fig. 4.1 Executing QEXP relations on ('anonical data.. 

Canonical 
RelaQon 

} 

name of an attribute and VAL J~ the attribuk's value for_ ~hè given tuple. Figure 4.2 

shows the ('anofl]cal ff"presclltatlOn. CR, of the CINEMAS and CINEFILM relations .. 

~ 

Note thât the projedIOrJ oC CH onto RNAME and DNAME equaIs the SCHEMA 

as described in Chapter 3. The CR relation is actually data and schema in one. 

Although TIO is an in1eger field, it is only for identification and imposes no ordering, 
. . 

as tuples in re.lations are unordered by definition. 

4.2 Extensio~ t5> Aldat 

The, Relix implementation of Aldat imposes the_ relation' as the unique unit of 

data iLAL 86J. We propose the addition of scalar variables such as integer and string . 
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CINEFILM( TITLE CINEMA SCREEN) CR (RNAME TIO DNAME VAL ) 

Swing Tune Roxy 1 CINEMAS CINEMA Roxy 
Rembetiko ~oxy 2 CINEMAS ADDRESS 123 Main St 

L'Avare Odeon 1 CINEMAS 1 SCREENS 2 
CINEMAS 0 2 CINEMA Odeon 

CINEMAS (CINEMA ADDRESS SCREENS) ~AS 2 ADDRESS 987 Park Ave. 

Roxy 123 Main SL 2 CINEMAS 2 SCREENS 

Odeon 987 Park Ave. 1 CINEFILM TITLF. SwinsTime 

~' ,."" CINEFILM CINEMt\ Roxy 
oH 

ClNEFILM SCREEN 1 

CINEfV..M 2 .TITLE Rembetiko . ~ . ... 

"" 
CINB'flLM 2 CINEMA Roxy 

CINEFILM 2 SCREEN 2 

CINEFILM 3 TITLE L'Avare 

CINEFILM 3 CINEMA Odeon 

CINEFILM 3 SCREEN 

Fig. '4,2 Relations CINEMAS and CINEFILM \Vith th('ir 
o ~anonical represcn1 ation. 

ln both the QEXP relations of (,hapter 3 and the CU relation of s('('fioll 4.1, I1alll(,~ of 

relations and aUributes appear a~ attrihute values. To execute a QEXP relation th('~e 

values must bè retrieved and Ilsed ,IS operand~ ln AIdai expressiom. WC' therC'fore 
.' '-- ' -. 
propose t9 augment Aldat'wit Il two functions, Rick and Scalar, and wit h two more 

types of scalar variables, reLexp and dom_exp. 

The· Pick function [MER 76]15 logically equivalent. to picking a tuple at random 

from a relation without r,eplacing It. Thus, a ~uple is only picked once. It provides 

a means of looping through a relation one tuple at a time. Random selection is 

appropriate as tuples are not ordered withi'n a relation. For example, the expression: 

ATUP -Pick (CINEMAS) ; 

assigns a unique tuple from C1NEMAS to ATUP. As input, Pick accepts the name 
" 0 
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of a relation, Il r('tllrIl:-' li !>ingl('t.oll, \\ hidl i~ ct r<·latioll cOlltainillg 011(' 1 upl(', Th(' 

sallie tu pIe will flot he ;et urned t wÏ<'e'. A Reset procedure is r<'quired t 0 ini t ializ(' , 
1-

the picking proces~ on a glven relation. 

Tht' Scalar funel ihn a('C(',pt s a relaÙonal expression ider/lfying one att ribut.e of 

. ," - . 
a ~inglt't()n and assigl1!> th'!' value of the attrihlite to a !>ralar variable. For example, 

SUI)POM~ tlll' relatlOlI CINEMAS is as illu<;tr"ated in figure 4.2. and the bcalar variable, 

i, is d('c1art'd a~ ail Intq?;er. The statell}('nt: . 
, i .-- Scalar (SCUEEN8 III Pick (wlJer(' CINEMA = 'Roxy' in CINEMAS)); 

will assign tht' value "2" to variable i. Th(· Pick function guaranteps the paralllet~r 

eXIH<'ssion to h(· a singleton ('ven if therp i!> anoth('r Hoxy cillema in the C'IN~MAS 

, , 

relation -with il <liA('rellt ,nlllllber of screens. The. typP of 111<> scalar vdriahle must not 

'c()nflict with tht· type of the altribult' from which il!> value i!> heing extraded. 

Variahl<·~ of type reLexp ma~ he assigned a ~character string corresponding to 
t 

the name of an exisling relation or 10 a valid relational expression, The following are 

exaluples o,f valid aSbignlllellls to a reLexp variable, r. 

r ~'TEMP'; 

r .- 'CINEMAS i,ioil/ CINEFILM' ; 

Variables of type dom.exp are assigned charader strings rontaining th(' name of an 

, 

" aUrihute or a list of attrihutes separatt'd hy comma!>. Some valid asslgnments 1.0 a· 

dom_exp va.riable, d. are: 

d ~ 'ADDRESS' ; 
d ;- 'CINEMA. ADDRESS' i , ' 

.' .. 
" When a reLexp or dom_exp variab}e is encountered in a.n AIdai e~ptession, it 

is replaced' by it s value. For example, 
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.' 
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,'. 

J, 

o 

, '1 

r . - 'CINEMA,'" , 
d .- 'CII\' E l\IA. A}) J) lŒSS: : 
OINEADD ·--cI ill r,: 

is ~quival~nt ',to ( 

CINEAVD '-:CINEl\1A, AJ)1')HESS ill CINEMAS: 

These variables are used a~ 'fonnal paralll('1('r~ tO'\Il('I,\('odc' flllltiIH'~ d('~i};J1(,tl 

to cxecute on arbit rary f('lat i()Il~, 1,,' Chapler :~ 'wc Hient iOllc'd 1 h,1I 1 1\1' D('c~nlpos(, 

" 
procedure i's to I){' ('xe( 1:11('<1 01]('(' \I~IIlP; t.he ([EXP aTlil SCH!':MA fclalioll .... , 1\)('" a~aill . '. , 

usinp; the MQEXP and RESt 1LTS fl'lat.iow-, The ]>roc('dur(' headilll!; ~hollld Il)('rdof(, . \. . 

sp~cify two parameters of type rel.exp dh followh: 

", 

/ , Procedure Decompose ( lJexp. schema' rel e~p ) , 

,Note~that the m,ultllll!; Tf·latioll!-.. LQEXP and HQEXP a'f(' Jlot paralllc-lc·Tl>. Wc' 

.JJ 

Decompose Il' first callec\ with paralll('tc'r~: 
'0 1 

" 

. Decompose ('QEXP·. -:'l('!IEIHA'): 

th~n .with paril-Illeterl': . . 
Deconlpose '(:AHiEX pi.' 'UES' r LTS') ; 

~ . , \ .' 

, , 

4.3 ,œr~nsfor.ming ReJatibns ,Betw~en Representations 

The ext ensions prot)oh{'d ln sect ion 4'.2 'p~ov(' 11 !-.du 1 wlwù COli vc'rt i ng f{'lation!'! 

to anp from their canonical r('pr('sentati()I1~~ N~IlI(,l> of relali<,>I1,~ alld attrihut.t,!-. ,arf' 

extracted {rom the loc'al schema while constructjng (!R, an'd from CH Cllll(' f(',bllildHl~ 
" 

, 
t'he original relation. By' first caJlin-g t h,<' 'appropriai (' COIIV('rblOll rou t i 11(', an)' dat a , . \ 

relation may be Illqnipulated in eit,her ilh original or canonicaJ repr('!>{'ntatioll.· 

. 4 f;. ' 

. ' 
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4.3.1 Convèrting Relations to Canonical Format" 

'1'0 convcrt a relation from its original form 10 dUlonical [orm. it Il' ne<;fssary 

to projeç,1 01110 <'(teh of ib aIl ribules in 1 um. A virt.ual at 1 rihut e T,ID, cont aininp; 

. ahM)('iaOnp; valu<'h of difl'erelll altribyt.es to form tllplcl'. Tlie high le\'el drscriplion of .. 

1 hr algori tlllll ih; 
/ 

1. l1niquely iclellli(v eé\ch tuple with a yütual al.t ribute TID. 

2. For ('(lrll al t rihllt(': 

.. 
2.1 Projeet onlo 'l'ID and attritlllt('. 

. ' 2.2 ApP(,Jul projectibn, relation HallU' ilild a1fributt' nallle to CH . 

~ The pro(,f'<!n re Original Canonicàl COli vert :;. a .relrlt iOll t () eaJI<~llifal format. If 

recelW'h a characler !-trillp; J(1f'nlifying ~ relat,ion III the local !-r1H'tna 

apprnded ontoJhf"canorllcal relation C'H:which initially Illay or may not he empty. 

Original Cano~ical ih presented a~ il met a<'od(' proc('dure ('Ombining Aldat opera-

\ t iom \Vil li the l>pecial fuuet iOlls and typ('d variablçs dcscribed in sect ion 4.2. 

\Procedure OriginaLCanonical (relllame : string) ; 
f Var 

r : rel.exp ';c d . dom_exp; i : integer ; 

Begin 

r - relwlIlJe; r { r will rerer to parameteT relatioll } 

{ 5.-elect slIbset ~f ~chema pert aining to dt't,ired re,lat.ioIl·} 

SCHEMA'.'- w11('re RNAME = rdllilme ;n SCHEMA: 

{ Make a caP}' of parameter idatioll adding il TID attribute } 

j :-1 ; 
Reset "(r) ;. 

let l'ID be i ; 
ATlTP -Pick (î') ; 

t AT U P cont rols it.eration for l'very t ul?le of parameter relation } . 
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o 

l\"l/ile ATFJ> I/ot ('/111".' 

{ AppC'l/cl 'l'If) atlr-dJl/'e to tf/pl(' il1lCl ,/(ld ,,, ('OP)' } 

COl')';· --1 An /) ijoJll ('l'li) il/ ATl'P): \ 
-i·--;-I1: 

ATI'J'·- Pick (r) : 

El/cl WIllk : 
, 
\ 

{ AT(,l' ("()JIlro/ .. ill'rritwII {:,r ('\·('r.~./iir)/t' o( S('IIE.\IA; rel;ttio/l } 

. Reset (SC1ŒM A' ) : 
ATliP .-- Pick (SCHEMA') : 

",'hile AT U l' 1/01 CIl/ply 

{ Extrart atlriIJIIle"IIilll/C' (rolll ATfTP} 

cl .-- Scalar (DNAl\lE il/ ATlIl'): 
, 

{ Pro.i('cl CO}J Y (1) t 0 TH) a J/d CI/ rrcII 1 ili 1 ri /'" 1 (' } 

COLUMNS .- (d, TJD) III ('U/')' , 

{ 1 J pdalt' CéillOIIJ( riL rdat iOll } 

" 

CH lllNAME. TIf), lJ.'\AME. ''At· '1 llNAf,Œ, 'l'l/), lJNAl\lE. dl III 

(ATI!], üoi/l ('OU/MNS) : 
ATI'/'·- Pick (Sf'llEi\1/l') : '-

~) ÈlHl Whi Je , 

End Original Canonical . 

Fi~I1f(' 4.:~ trtl('('., Origin~l Canonical\ firl'ot w/,,/, loo!, 011 tllC' ('INE'MA~{\I" 

no" of fi~lIT<" 4.2. Til ph are pock,·d "' ... a' .. ,; "'" [roi" Il ... l""""""";".)," ;'1":i 
copiecl with an additiollal attrih\lt('~ TIl>. to tht· fI,lation COpy~ Not/'II.at tl)(' v/rln . --

ual at 1 ribut (> TI t) IlIUl'o t be aet uali~('d befof(' il can parI i ci pat (' i Il 1 he IInlll rai jOIll. TJH' 

Pick-flluctioll cxtracb Ih(' tllple~ into ATlIP. \-\'h(,11 ATlfP il'.. ('lIIply Il ... i~lIifil'l'o Iltat 

Ihere ar(' no mort> luplel'.. 10 he pick('d. TIIJ lakf"l'.. it~ vahl!' froJll' tlll' !>('a.lar variahl/', 

i, which is increllJenled at ('étch iler,lf iOIl. The I1atllral joill ill 1 hi.., luop i., il( t lIally 

tht' carlesian prodllet as the operaJld., have HO ('OIllIlJOIl al1nbul(' .... /r~ bot il 01H'ralld.,-
, , 

contain a single tuple, the rartesia"1 proùllcl himply joiJJ~ th!'lI) loJ;l'1lwr. III Ihih way, 

a unique value ofTID is appendt'd to eaeh tuple of Ih(' parallwter relatIOn. 
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dO 

Defore enlering Ml while ~p: 

relname 

'CINEMAS' 

After rll'St itcration : 

SCHEMA' (RNAME DNAME) 

\ 

CINEMAS CINEMA 
CINEMAS ADDRESS 
CINEMAS SCREÈNS 

\ 
ATUP (CINEMA ADDRESS SCREENS) 

_ Roxy 123 'Main St. 2 

COPV (CINEMA ADDRESS SCREENS, TID) 

Roxy 123 Main SL 2_ 

A TUP (CINEMA. ADDRESS SCREENS ) 

Odeon 987 Park Ave. 

Afler second and rmal iteration of fU'St white loop : 

COpy (CINEMA ADDRESS SCREENS TID) 

Roxy 123 Mmn SL 2 
Odeon 987 Park Ave. 1 

1 
2 

A TUP (CINEMA ADDRESS SCREENS) 

Fig. 4.3 Trace of tirst III/ulc loop of OriginaLC"arionical 
( 'CINEMAS'). 

1 

Figure 4.4 continues the trace. OriginaLCanonical's second whzle loop ex-

tracts the attribule names of the parameter relation from SCHEMA/, the subset 

of SCHEMA pertaming to the parameter relation. SCHEMN contains a tuple for 

each attribute of the parameter relation. Wc loop through SCHEMN with the Pick 

function as before. At each iteration, COPY'is projectcd OI)to a different attribute 

from SCHEMA' as weIl as TID. Once again a natural join is used to obtain a carte-

, - . 
sIan product~ this time of the single tuple relation, ATUP, containing RNAME and 
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Before entering second while loop : 

( 
re'lname SCHEMA'( RNAME DNAME ) 

'CThJEMAS' 

Mter fICSt iteration: / 

d 

l'CINEMA' 1 

CR ( RNA,ME TIO DNAME VAL 

Roxy , 
Odeon 

CINEMAS 1 CINEMA 
CINEMAS 2 C~A 

Mter second iteration : 

d 

'ADDRESS' 

CR ( RNAME TIO DNAME VAL 
CINEMAS 1 
CINEMAS 2 
CINEMAS 1 
CINEMAS 2 

CINEMA Roxy 
CINEMA .Odeon 

ADDRESS 123 Main St. 
ADDRESS 987 Park Ave. 

~ 

After third and final Iteration of second while loop : 

. d 

'SCREENS' 

CR ( RN~E TIO DNAME VAL 
CINEMAS 1 CINEMA Roxy, 
CINEMAS 2 CINEMA Odeon 
CINEMAS 1 ADDRESS 123 Main St. 
CINEMAS 2 ADDRESS 987 Park Ave. 
CINEMAS 1 SCREENS 2 

, CINEMAS 2 SCREENS 1 

CINEMAS CINEMA 
CINEMAS ADDRESS 
CINEMAS SCREENS -

ATOP ( RNAME ONAME 

CINEMAS CINEMA 

COLUMNS (CINEMA TIO) 

Roxy 1 
Odeon 2 

ATUP ( RNA~E DNAME ) 

CINEMAS ADDRESS 

. COLUMNS ( ADRESS TID ) 

123 Main SI. 1 
987 Park Ave. 2 

ATUP( RNAME DNAME 

CINEMAS SCREENS 

COLUMNS ( SCREENS TID) 

2 
1 

1 
2 

ATUP (RNAME DNAME) 

Fig. 4.4 Trace of OriginaLCJlnonical ('CINEMAS') continued 
. .' "to second whtlc Joop. 
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IJNAME alltibllt('!->. and tlt(' (,OL1;1\1I\~ rc'Ialioll r~'~ullill)!; f.rOIll Ih(' prpvlOm proje(-

tjoll. Thi!. bPrves to append RNAME and DNAME to each luple of columm. The 

rt'sult j!-> ready 10 append to the canomcal relation. 

4.3.2 Restoring Relations to Their Original Format 

Helai iOIl~ art' ('()Ilv('rt,('d [rom t heir canomcal represenl at ions 10 t heir original for-

mat using the Canonical Original fundion. A cali lo~ CanonicaLOriginal to 
! 

re!.torr CINEMAS to lb oTlginal f<mllat looh like this: 

o C!,Vf;,uAS -- CanonicaLOriginal ('CINEMÀS') : 

Tilt' Canonical Original fUlldion Clcct'pls as a paralJlcler, a ('haracter slrin)!; con-

faining.tll<' nClIlH' of CI single H'lation in CH and relufIIs the relalion in ib origlllal 

format. ,A cali 10 CanonicaLOriginal 10 ('onvert the relatlOlI. CINEMAS, to its 

original' format I!> 1 ract'ô in fip;ure 4.5. The "II~ operator signifies st ring coJ\cafena.-

fion. 

Fl/lIe/wJI CanonicaLOriginal ( rclIlaIIle : !,fring ) : relatio1l ; 

Var 

d. dd : dom_exp: 

Begin 

{ Exfr<ld rdatlOll in cilnollical format [rom CR } 
~ 

CR' --- 1I'1Ierc RNAM E = rdllaJ/le 11l CR ; 

{ ScpaTllte schema [wm dat.? and ldeIltlfy fI/pies} 

SCHEMA' ~RNAME, DNAME 111 CR' ; 

{ Relafioll will be fCCOIlstructed 111 TEMP} 

TEMP ~ TID in CR' ; 

{ ATUP willllOld a tuple for eacl! at/fibute of relation} 

ATUP ,- Pick (SCHEMA") ; 
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H'lli(c ATI P lI(1t f'IlIPI,' 

{ E:..trilct lIilllle of ilttflhlltc 

d -Scalar (DNAME ill ATl'P) : 

{ Appe1l(1 to Ii.,t of élttfl/Jllfe~ } 

if dd:.- " 
f hell dei d 
ehe cId· ddil'. ',1 cl , 

{ Select tl/plc~ p('rt;lJlljll~ to ellTTent atlfl/ml<' } 

let d lJe ,'A. L , 
TEMJY ~ TID, fi w}/('rc IXYAME 

li 
Scalar (])]\'A1\1/o; ÎII ATlI/') ill ('H' , 

{ JOiJl attn/JUle to f('Wl/.,tTlldiOI/ } 

TEflJP - TEMP ijoil/ TE:\I/" , 
ATUIJ -Pick (SCHEMA') : 

El/d \;\;111}e :' 

{ l!pdiii<' }o(',!1 .. du'IlI,I. pro.lcct ouI 'J'ID, œtllfll Te ... u}t } 

SCHEMA· 1 SClIEMA' : 
Canonical Original· cid III TEMP , 

End Canonical. Original, 

. . 

The ('(HI Oll 1< ,t! rq)f('~ellt a t 1011 of the par,\I1H·t ef relat iOIl h hel(·et(·cI 11110 ('H', 11t('11 

projccted on10 Hi\.\l\1E a'nd DNAME to ohtéllll tl\(' relation'.., ..,dWlllfl. A re);!tlOlI, 
\ 

TEl\IP i., initlalized to eontaill the TID ,1I1nbllte. '1'1)(' Il,h,/, )oop 11t'Tal<'~ OU({' I(If 

cach attnhul<' of the rdatlOn heill~ cOllvefled. The U,UII(' of t 1)(· (un('111 ,tftnbllt(' 1'> 

assi~ned 10 1 he ùonl exp variable, d. TIJ(' CUffent ,d 1 nhll1<' nalll<' If, tlpp('ud('d to 

. a lisl of attnhute'o III anothcr dom exp vélflabl(" cid TEMP' f('«'IV<," tll<' tllple., 01 

(:R' re!evaIlt to the eurrent (l.ttrih1lk ill ATl'P '1'1)(' f('latlOlI'., onglllal r('prc~('utatloll 

is buiIt up by joinlllg TEMP' with TEMP 011 tlH'lr eOJIlIIIOII attnblltc, TI/). TEJ\ll' 

getb wider a1 eaeh IteratIOn. Wh('11 the- 1(0» t('rminat(',>, the local .,dJ('IIla 1'> IIpdat('d 

l' 
with informatIOn for tll(' reconstructed relatIOn. TEMP i!. proj<>de,d ordo ail of lb 

attrihut€'s except TID and return('d as the f(,hUIt. 
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Before entering loOp: 

CR'( RNAME TIO DNAME 

CINEMAS . 1 CINEMA 

CINEMAS- 1 ADDRESS 

CINEMAS 1 SCREENS 

CINEMAS 2 CINEMA 

CINEMAS 2 ADDRESS 

CINEMAS 2 SCREENS 

Miel' frrsl itcration : 

attr allaltr 

l 'CINill1A' 'CINEMA' 

. TEMP (TIO CINEMA) 

1 
2 

Roxy 
Odeon 

Mtcr second iteration : 

attr allattr 

VAL ) 

Roxy 

123 Main St J6 

2 

Odeon 

987 Parle Ave. 

1 

d 

'CINEMA' 

d 

l 'ADDRESS' 1 l'CINEMA. ADDRESS'I 'ADDRESS' 

TEMP (TIO CINEMA ADDRESS) 

1 
2 

Roxy 123 Main St. 
Odeon 987 Park Ave. 

. After Ihinf iterntlon : 

attr allattr d 

SCHEMJ\'( RNAME DNAME ) 

CINEMAS CINEMA 
CINEMAS ADDRESS 
CINEMAS SCREENS 

TEMP(l1D) 
1 
2 

ATtrP { RNAME DNAME ) 

CINEMAS CINEMA 

TEMP' (TID CINEMA) 

1 Roxy 
2 Odeon . 

ATUP( RNAME DNAME 

CINEMAS ADDRESS 

TEMP' (TID ADDRESS 5 
1 123 Main St. 
2 987 Park Ave. 

ATur ( RNAME ON AME ) 

CINEMAS SCREENS 

TEMPO (110 SCREENS ) 

l 'SCREENS' 1 l'CINEMA. ADDRESS, SCREENS'II 'SCREENS' 1 
2 

2 
1 

TEMP (TIO CINEMA ADDRESS SCREENS) 

1 
2 

Roxy 123 Main St. 
Odeon 987 Park Ave. 

Final rcsult returned lO CINEMAS relation: 

2 
1 

ATUP (RNAME DNAME ) 

CINEMAS (CINEMA ADDRESS SCREENS) 

Roxy 123 Mam St. 2 
Odeon 987 Park Ave. 1 

Fig. 4.5 Trace of CINEMAS -CanonicaLOriginal 
('CINEMAS'). 
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o 

Ali ("lItirc Cl{ relatIOn 111,1\ \)(' cO!l\('rtcd to clatr! tclatioll .... ill tilt'ir ori)!.illal 101111,11 

by callinf,!; Canonical.Original for ('very H N A r\'I E valut' in (' H. Reconstruct Relations 

loops through Cl{ reconstructin~ ail r('latioIl~ frolll tllt'ir canoniral format. 

1 
Proct"dure Reconstruet Relations: 

BeglJl 

RELLIST .- RNAME ill CR 
ATUP -Pick (REt LIST) 

vrbile ATF Pilot ('Il/pfy 

Scalar (ATl'J» .- Canonieal Original (Sealar (ATI'IJ)); 
ATlTP -- Piek (REL LIST) . 

Elld Whilc : 

El/d Reconstruct Relations: -
4.4 . Converting Aldat Expressions to and from their 

Relational Represent~tions 

ln thih ~ectioll WI' <ail oÏl data structure,; and "<'lIlitlltic flnaly"i" t{'('hll/(JlH''' d(·· 

scribed III [AllO 771 In the Hdlx Aldat impleIllf'nlalion of Aldat ILAL H(il, ail 

. 

unambiguous LALH-ll!;raIlllllar i~ propo~ed ,wd ll!'>('d to perforlll .,Clllillltir analy~i~ of 

Aldat expressions and I!;enerate ÎnterJlledlate co<le ('x('cutahlf' ily ail Înt(·q)fet(·r. Tl\(' 

sam(' grallllllar and selllantic anal,) ~i~ kchlllques coul<l h(' u,,('cl 10 g('lwral(' a QEX J> 

r('lation from an AIdai (:'xpr(,~"lOlï. 'l'Il(' I!;raphi< repr('~('lItatjo}l" of Aldat ('XIH(,~"IO/l"" 

- in Chapt er :~ are very SlIn i lar t 0 parse t rees. In faet, jf commoll <u hex pr(,""IOII~ arc 

considered as identicrll but dl~tlJlct nodt,!>, and th(' "id" oJH'rat<!r' i" olllitt('d. (·xpr('!>· 

\. / 

siom are always t r('e~. 

4.4.1 Converting Aldat Expressions to QEXP-Relations 

Wc wish to represent strings of the form: 
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1/('1\" rc/iltlOlI .' ;\/d,1I ('.\I)f("~~J()1I : 

C a1> QEXP relatioll1>, where llew...relation J~ to lIold the result of the Aldat expressIOn 

" 

( 

li: on t he ri~ht side of the assignlllent operator. The Aldat expression is parseù. When 

'" 

thl' pan,er ('Il('ountf>r1> a string of characters defining a rdational opera.tion Wlt hout 
, 

11('1>1(·(1 expr(,s~lOm, If addh thC' operation to a QEXP relatIOn. The pars('r calls four 

ha~i(' pr()c~'dur('~, Telup NaIne, Add.Result: Replace and Complete. , 

. ' The Temp_Nrme fundion r('turn~ il systeJll I!;enerakd characfer string that IS 

Ilsed 10 J(lentify ;lIt~JllC'diilt(' results. In the exampleh of Chapler :L tlH'~e results had 

\ 
namé's starting with "T" for "Temp" such a~ "Tl"and ·'T2'·. :\'0 two intermf'cliate 

rt.'hU~S eontallH·d in the ~alll(' QEXP ;elation ma)' have the ~;III1(, 1Ié1llH'. 

Add.Result takes two parallle1ers: the first is the nallle of a r(,~\llt r<,lation, 

f>it.her interJlledwte or fi lied; t he ~econd IS the C'xpression producinp; the result. The 

expr<'ssioll is <hvided IBt 0 9perat or and operands and added to a QEX P rdation. 

The Replace procedure replaCeh its first parallJeter, whieh i~ a nested <'xpres-

sion, with i b ~t'cond parame fer , the naIlle identifymg the expr(,ssJOn generated by 

Temp_Name. The thircl para:meter is the expression in which ~he repla(,(,Jl1ent is to 

)<~C('\lr. 
Complete is ealled to add the "id" operations as describ('d in section 3.1. A 

high level des('ription of t he conversion algorithm follows. The AIdaI. expression being 

s('ann('d is III the chara('t er st ring, AldaLexp. It is being assigned 1.0 a relation named 

1. While t here are nest.ed expressions: 

1.1 in a left to right s,an find the first subexpression without nested ex
pressions as arguments, assign il. to sub_exp. 
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o 

o 

1.2 temp' TelUp Nanle 

1.:3 Add_Result (telllp. ~\Ib exp) 

lA Replace (SUILt'XP, t('lIlp, Aldat exp) 

2. Add Result (nc\\" re\. Aldat exp) 

:3. Complete 

4.4.2 Rebuilding an Ald{lt Expression fronl a QEXP Relation 

The QEXP relation contaim fragmcnts of Alclat expre~~lOn~ in the HNAME, OP 
, 

and R'ES ficld~. Thc ORD and TYPE field!"> inclJ<"at (' how fragnwnb ,Ire n'Ialed 10 -

each ot}\('r. The origlllal AIdaI {'xpr(:'s~ion lIlay he rt'(,oll~lrtlct!·d hy pa~till).!; fra).!;IJH'lIb 

togetlwr with the addltlOlI of parcllt}J('~('s and the k('yword "lI\". 

The renlfSlve fundlOn Build Exp returJI~ iln Aldat CXI)ft'~slOn f(·("oni-otnht«·d 

frOlJl'ib relational reprt>scntatlOll. The Scalar fUllctioll i ... u<.;ed to extrad fragIJH'nt~ 

from Ihe QEXP relation. Th{· Card functlOIl accepb Ill(> nalll(', of-a f('latioll and 

felurm ils cardmalily ai-o a !">caldr value. 

FIJJlctioll Build.-Exp (rdname . &t ring) : st rÏII!§ ; 

op. Tf, ri: :;tring: 

Begin 

{ Select tuples defiJlillg operati,on gi\-'illg paramefer re!atio11 } 

TEMP -wbere RES =- reinaIlle iu QEXP; 

{ Ext rart operator } 

op -Scalar (OP Ùl TEMP) ; 

{ if operator is "id" ret,l~rnllallle orre1ation~} 
If op = 'id 

t 11e11 Bui,ld _Exp ...-- relJlame 
else 
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{ Il ('('lIfl>l\'(,.· ('<dl for Il llilf,' opefa t i01l1> } / 
ifCard (TEMP) =- J 

tl/t'Il TT ~ Scalar (RNA ME ÏJ/ TEMP) , 
Build_~xp --'( '"opll'_i~tBuild Exp (rr)1I 'l' 

,------
{ Recursive call-fof biJ1ary operatioJ/s } 

t'Ise rr '-Scalar (RNAME wlwre ORD, = 'R' iJl TEMPJ ; 
rl-'Scalar (RNAMEwlwre ORD;::..- 'L'in TEMP); 
Build-Exp -- '( '1IBuild_Exp (r1)1! op IIBuild"-Exp (rr)11 ')' ; 

El/d Build _Exp ; 

The- rec\lfsioJlo-<;tops when the ul operation is <"l1counfered, The nallle of the re~ 

, lation il> retuflwd to the call<'T. Ali patlH; in QEXP end with an identity operator, 

so the recursiollcJwiIl !ltop in ail cases. Whell the parallletcr relation is produced by 

~ unary operat Ion, tlie origi liai exp'rel>sion may be r(,coIl~t ruet ecl from QEX P by con-

catenating the strinp; present in the OP field, follow<"d hy "111", followcd by the strinp; 

identifying the 01><" rand ('.xprChSlOn, As operal1ds Illay t helllsd "es 1)(' expreSSIOns, t hey 

are computed recursiv~ly. Similady, an expression defining a hinary operation may 

-
be bui1t up from QEXP by concatenating the left operand with the OP field and the 

right operand. Expressions .are enclosed III palcntheses to avoid any ambig.uity with 

respect to the order of evaluation. 

( 
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Clrapter ,f} 
Distributed 'Q~ery Processing , 

~ in an' ArbitrélJ"Y Network, 

a , 

In Chapt~r 3 the databas(" was rest ricted to two host!., \VIH'n i' ho~t lélCk .. d 

sufficient dat.a to answer a <JtH'ry. if., o:lly option Wélh to :-'.'11(1 1111' rt'I~\Ot;' COIHljilll~:nt 
" "/\ 

t 

to its n("ighbour, then wall and s("c if th(" nClghhour muid" (o.!Î,pldt:thl' ft·(pU'"i. l" 
, ' 

ail arbitrary ne'~or~, a hosl Illay have ~f'v{'ral IH.'Ip;hhollr" ,\,,0 t h('rt· 1:- UN ~1(11~al 

o . " 

schema, a hObt has no way of knowiI,lg which t,righbou~, if·ally.'hn:-.: th(' da{;~'II('t'd('d, 

to complete its kllowledge. , . 
) \, , 

l -
5.1' Query Propagation 

" 0 

1 

Consider the lIf'twork of figur(" ,~,l. Earh node r('J~re~enth il 'h05t Ihat ha~ <lect'M, 

• 
to il. suhset of the datahase. Ali edges repr('!o.('lIt t ~o-way chll.lII\('ls of rOIllIllIHli("atioll . , 

between hosts. When a host is ullable tt> r('..,oh-e il (Juery it lIIay "('lId the f('llIot!' 

decompositi'on to ail of il!o. lIeighbo~rs. Tht' neighbour:;1l1lay III Illm ~('lId ,;'lIn·!o.olv('d 

,subqueries to their neighbouts. Su~éessi'f.i, d('eom~os't IOn" 
1~' , 

propag;alt' f6l1Î1 host tct 

host unti\" the qucry is entirely reso\ved or \mtil ail hosb have bel'n approarhrd. 

0" Imagine the following sce\lario. . , 
58 -, , 
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Fig, 5.1- A sample network. 
~< 

. 
/L query originates ai Host D. Unahle to re~polld entirely, D forwards the remote 

d('C'OIllI)Ositioll to hosts A, B, C, Gand E. Neit her, C nor G can completely tesolve the 

relllole decompositioll Ilor d'o t hey know If if has been' resolved at another lo·cation. It 
, . 

is lh<,reforè reasonable for t heJ1l to scnd rcmote dccompqsitions to their neighbours. q . ' 

However, if both C and G query ail neighbours, F ar.cl A will be queried redund'antly. 
J 

Moreovet, it would not make sense for either of them to send a request ·back to Host 

D. 

. 
'fo ensure ail' Dodes are approached at most once, we impose a spanningriiree on 

the network as in figure 5.2. A host may pass remote su bqueries t.o all of its neigh bours 

in the tree, except the one from which it received the requ~st. The sending node' is 
\ 

regarded as the parent of the receiving nodes .in the tree's hierarchy. Each no de has 

a single parent aqd therefore will "only receive one subquery .. As there are no cycl~ 

in a tree, the que~y propagation will stop at the leaves. 

Note that the tr~ structure is entirely independent of the physical l~yout of the 
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Fig. 5.2 A spânning t r<>e of tht' sé\tllpl(.' Jlt't work. ., ' 

~ 

°network. A "neighbour" is simply the address (~f' a ho~t t hat lIlax ht' approached to.· 
" , ) 

complete a query. The tree mu~t be defined befort' pro~'('ssiIlg <l qUt'ry, HI as 1II\lch a!> 

each host must know,who its neighhours arc., Th~ trce st.rucl ure nced Ilot h(' re!>pe'ctrù' . . 

for con;lIlunications unr~]aicd to quer,Y Tt'solution., r 

, 5.2 Local Participation in Query PrQ,cess\ng 

) , ~uery processing will now he explored ftom the pOlllt of,vicw of. an' indivi~ual D 

~ , . 
, ". 

host and ils responses to different events in the ftetJtrk. If-Aldat is auglllcnte9 with 

a mecha11islll that can react to network events, the relational fralllcwork can ë.\lso dca! 
, ' 

-withthe distribution'of qtiery processing. 

5.2.1 Special Purpose Fimctions and Relations 

. 

, . 

.' ' 

We'propose to have Alda! èommunicate wi~h th~ network via â. system relation, 
, • 1 

, \ " 1 ' t 
FROM, and procedures Rèceive and Send._ An Execute prqcedu.re a('tivates tlle , 
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W·II('r.d ('X('clltioll prO~rrllll di!.cu!.!wd in Chapler 4. The ho"'l kJlow!I ib po!-oiljoll i .. Ih(' 

Iwlwork through a IIl1ary r('lalioll, NEIGIIBOURS, conlainillJ.!; in ifs allrihul(', SITE, 

, 
t ~j(' IHUII('!'> of ail llOd(·!-o wil li which a ho1'l may cOllllllunicale. The Jl('ighhOlm 1'('latioJI 

al IIost C; is shown in figure 5.:L A lisf of neighbours 10 which a rcmote clecomposltioll ' 

Jl)~y he sent is ()I~t ai'Ilet! by reinoving the sellding ncigh bour from N EIG H BOUR S. TIH' 
'-

r-" .. , 
sellding Ilclp;hbour is tll(' Ollt' appearing il. 1 he SITE al t ribul(' of FROM, cou pIed with . . . 

a QEXP rclati0':.l' 

, When a hosl receivel> a relation from one of its neighbours, Cl tuple appears in 

FROM. It s two aH ributes, SITE and RTYPE, refer to the name of the neighbour 

scndlIlg 1 he relation and the type of rel"tion being sent, RTYPE can contain four 
r 

va.1U(~!!: QEXP for a query relation, CR for a canonical relatIOn, RESlJLTS for a 

result 'relation, and REQUEST for a lis1. of relations 10 he rc1urncd t.o the sencling 

hosto Each type, of relation prompt:- a diff('Tcnt action. The FROM relation at HOl>t 

G is represented in figure 5.3. lt is shown signaJing t.he arrivaI of a QEXP relation 

arriving frolll' IIost D. 

SCHEMA (RNAME DNAME) 

R2 

~IGHBOURS ( SITE ) 

D 
F 
H 

FROM (SITE RTYPE) 

D QEXP 

Fig. 5.3 Metadata relations at Host G . 
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'·'HOM ÎIit., ~()llIe partI< 1I1,lr 1I-,III1TI'''': lt 111'\ l'r cOlltaill~ Illon' t han 0111' t "pk: aud 

111(' fundion Receive eras('~ it. Receive illtq!;ral('~ ail illCOlllillf,!; relation. dt'~nil)('d .. 
'in FROM, with. the local datahaM' Bdort, (ln in('ollling rl'latioll ma)' hl' acrl'~!>t·d 

it. must be received. For ('xalllpll', wht'n il tupl(' app('ar~ 11\ FHO!\1 illdit'iil illg /lll 

incoming QEXP rdation, tilt' stalelllt'nt: 

\ -QEXP .- Receive , 

tells Aldat. to receiv(' 1 11<' incolllill~ relat iOIl alld to na1llt' it "QEX P". 

The Send procedure ~l'lId~ a ~ill~l(' rel"tlOlI to 0111' or lIIOT(' lI('i~hhollr~. lb thre'{' 

paramet erl> are (' haract er string;~. The fi not !>iIfrl-lIlct er i~ III(' Il a 1111' of t III' TI'I il t 1011 IlI'mg 

hosl~. TI\(' t III rel parallH'ler !->pecif)('~ the lypl' of 1 Ill' rl'l,t t 11111 IH'III~ "'(·llt. 'l'hl' typ\''' 
,iJ ~ 

corres pOlld lot ho,,<, ,t! )o\\'ed III 111(' HTY P E ,LI t TI hu t l' of F H () [\1 T he Jo' H () J\'1 fI'la t 1011,. 

the Send pro«'<!I\f(' and thl' Receive fUJlct101l forlll Aldat'~ IlI'twork illtf'rlac4' 

Execute rect'Ives the lIallle of ft QEXP rt'Iatioll, r('('OJH.trllc .... tll<' rorrc'ipondillg 

Alda t expres~iom and execllt ('5 t hem. Parallwt er [('I,t! ion ~ IIIU!>t 1)(' locall y availahl<-

in original or canonical format. Those in canonical format will IH' [('('0 TI st rud('(1 a~ 

described in Chapter 4. 

5.2.2 Local Respon;~ to an Incoming QEXP Relation 

A single procedure will control <Juery pro('('~~ill~ from the lIIoment a QEXP r('la-

tion arrives in FROM until the list of results is r~turn(,d to 111(' !>t'nclt'r. Wht'II FHOM 

signaIs the arrivai of a QEXP relation, ProceSJ5_Query is artivated to dt>al with HI(' 

request. 
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f\'(·u/ : QfX l' rda/1011 i .. ~jgwiled i1l FHOM 

l'ron'cluft' Process Query : 

Var loci!l-: 1)l)()/eall . 

Heglll 

. ( 

local· - Receive Q uery 

If Ilot local /1/(>1I 

Receive. Results ; 
Detennine .Request 
Request .Relations , 
Receive Relations; 
Merge ; 

EII,d Process Query ; 

,. 
, 1 

TIJ(' l'und ions and procedur('s \Is(>d in Process.Query ar(> iIlustrated in a sct'-

Ilario lakilll!; plac(' al Host G. The local configuration is as shown in figurt' 5.3. Host G 

il. uuawar(' 1 hat rdation R~ is located at Host F and relatiolls RI and R4 are locatt'd 

at Host II. 

01\(' dat il. rdat.ion, R2 is locally accessihle. The neighbours relation sho.ws that 

c; ('Ollllllllllicatt's with hosts D, F (~nd H. The arrivaI of the QEXP relation signaled 

in FROM tri~~ers the caIl 10 Pl'ocess Query. Fil!;ure 5.4 shows an example of the 

iucoming QEXP rdation. 

For the sake of simplicity we restrict network activity 1.0 the processing of one 1 

f 

'or,iginal QEXP relatîon~ This ensures that aIl messages pettain to the saIlle applica. 

tion. 

5.2.2.1 Receive.Query 

Process_Query initiates th(' transaction with a call to ReceÎve.Query . 
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,() 

QEXP(RES OP RNAME ORO TYPE) 

TS ijoin TI L T 
TS ijoin 1'2 R T 

-, Tl ujoïn RI L T 
Tl ujoïn R2 R T 
1'2 X, Y in R3 U T 
RI id RI U P 
R2 id R2 U P 
R3 " id R3 U P 
T6 ijoin R5 L T 
T6 ijoin T4 R T 
RS id R5 U P 
T4 djoïn RI L T 
T4 djoïn R4 R T 
R4 id R4 U P 

(a) 

• 

o TS '0 T6 ~ 

/"'" /""-o TI ijoin 1'2' o R5 ijoin 0 T4 

i.u~~ I.d~ ~: , , R3 

(b) 

Fig. 5.4 (a) The incoming QEXP relation. (b) Ils graph 
..... 

represen t3;tion . 

.. Function Receive_Query : boolean i 

Begin 

SENDER +-SITE ill FROM i 

QEXP +-Receive i 

Decompose ('QEXP', 'SCHEMA ') i 

Execute ('LQEXP') i 

RESULTS [RNAME, SITE +- RES, ownJ in LQEXP ~ 
if RQEXP is empty 

tben Receive_Query +- true 
else RECEIVERS(+-NEIGHBOURS djoill SENDER ; 

Send ('RQEXP', 'RECEIVERS', 'QEXP') i 

Receive_Quèry -fruse ; 
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El/cl Receive _Query ; 

c FiJ!;Ilf(' [J.!) hhows IIw rcslllts of Receive_Query on our exalllplC""QEXP relation. 

A SENDEH r('latiol1 ih cstahli!>hed listing the nallle of the 1I0si sending tlac QEXP 

relation. Tht' scndcr may be a ncighbouring nodc or the local host itsclf. The QEXP 
/ 

rdatioll il> rcccivccl in a relat.ion callecl QEXP, then de('_omposecl into local and remotc 

(·OlllpOIll'lIb. The local suhexpressioll is exe('uted and the nallles of resuIts arc stored 

in a H.EStJLTS relation. If thc remotc decomposition were empty, Receive_Query 

would ret urn the boolean value, "truc" signifying that the expression was entirely 

local. As the relllole decolllposition is not empty, a RECEIVERS relation is assigned 

, 
the nallles of the hosts who are to receive RQEXP. RQEXP is then sent to ail sites 

Iisfed in RECEIVERS and Receive.Query returns "false". 

c When Receive_Query terminates, the boolcan vafiable, local, is tested to de-. 

termine if results are expecled [rom neighbours. In fhis example local equals false so 

control is passed to Receive_Results. 

LQEXP(RES OP RNAME ORD TYPE) SENDER ( SITE ) , ' 

R2 id R2 U P D 

RQEXP(RES OP RNJ\ME ORD TYPE) RESULTS (RNAME SITE) 

'T2 X. y in.., R3 U T R2 own 
RI id RI U P RECEIVERS ( SITE ) 
R3 id R3 U P 
T6 ijoin R5 L T F 
T6 ijoin T4 R T H 
R5 id R5 U P 
T4 djoin RI L T , local 
T4 djoin R4 R T [false 1 R4 id R4 U P , 

Fig. 5.5 New relations created by Receive_Query. 

~-! : 
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5.2.2.2 Receive Results 

Ollre the r~lIlote defOlllpo~ltion has h(,(,Il hroadrast, th('Jocal 1I0st tIlh.i wait for 

eafh rerein>r to respond hy r("turnlll~ él HESllLTS r('latioIl indifatinp; what r(,slllt~ il 

ran contribllt(' 10 qucry ('x('cutioll. If a r('f('iver C<lJl rontrihule IlotllillP; ln the (lIU'ry 

proccssing. il f('tums an ('111 pt Y HESPLTS relation. 

The Receive_Results procedure a~~elllbl('~ the li~t of availahk rt·~ulb. in HE-

Sl1LTS a~ re~pol1!>{,S are rer~ived from the diA'crellt l1{'ip;hhour5. 

ProcedUf{, Receive _ Results 

Begin 

\VlIil{' RECEIFERS Iloi cJJlply. 

EveIlI : rc('eH'{,f re~pollds 

{ Ddele rCbponding hasl [rom RECEl\'RllS and f('C(·iv(' f('SI'0"S(' } 

Il ECEI\fERS ~ HECEIVERS djol1l FROM: 
H ES1JLTS .--1 Receive . 

End n'hile: 

Elld Receive Results ; 

Flgur(' -'dl t rares Receive Results Oll t h(' curr<'lIt i'xi~lIIpl(', lnitlally Ill(' H E-

CEIVEHS re!atiOrf is a~ shOWI1 III fip;ur(' 5 . .1. Al> il is 1101 elllpt y 1 Iw pro«'~~ wil1b 

for a r<,sponse. A re!>ponse is signa)cd by a 111[»(' appearing in FHOM indira.tiIl~ 

a RESllLTS relatIOn roming in from Host F. (5('(' fjgur('''''f~.6.(L) The all!>werllll!; ho::.1 

is deleled [rom RECEIVERS, leavmg the naIll('l> of I1eighbour~ from whirh aIl,>w('rl> 

have Ilot yet been received. The relation i~ received and appended to tlu' ('XI!>t in~ 

RESULTS relation. Figure .5.6.1> shows the Illodlfled RECEIVEHS and H ESll LTS 

relations. 

RESl1LTS is still not empty 50 the process, ol\ce agall1, waii!, for a rer('lver to 

answer. This tlIlle FROM signaIs a RESULTS rdation amvmg from Host H. (!>('(' 
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--

FROM (SITE RTYPE ) 

F RESULTS 

(a) 

RECEIVERS ( SITE ) 

H 

RESULTS (RNAME SITE) 

(b) 

R2 
R3 
1'2 

own 
F 
F 

FROM (SITE RTYPE ) 

H RESULTS 

(c) 

RECEIVERS ( SITE ) RESUL TS (RNAME SITE) 

R2 own 
R3 F 
1'2 F 
RI H 
R4 H 

--- T4 H 
(d) , 

, .. 

Fig. 5.6 Trare of Receive_Results. (a) Host F answers. (b) 
RECEIVERS and RESULTS after first iteration. (c) 
Host H answer~. (cl) RECEIVEHS and RESULTS after 
se("ond iteration. 

'1, 

. figure 5.6.c) Ho&t H, is deleted from HECEIVERS and the inwming relation is receivcd 

and appended to HESULTS as beforc. Figure 5.6.d shows relatIOns HECEIVERS and 

RESULTS after the second iteration. The empty RECEIVERS relation indintes that 

all receivers have responded. Receive_Results is exited and Process_Query calls 

Determine_Request. 

5.2.2.3 Determine_Request 

The Determine_Request procedure has already been discusscd in sedion 3.3. 
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lt c\('lermilll''> whal re~ulls 111(' local lIost 1I(·(·d~ 10 n·llllt· ... t frotll il:-. 1\(·Ip;hhollr~. !\ 

, 
cali 10 Determine_Request sels asid(' filial rl'~lIlt~ ill FINAL HESllLTS. plac('~ Ille' 

li 1Ir(,l>olv<,d pori iOIl of 1 II<' <Ju('ry i Il M Q EX P, étlÎd r(,lllov(,~ r .. d IIl1dallcy f rOIll H ES II LTS. 

Figure 5.r shows Ihe rèsults of Determine_Reqlles~ 011 th(' salllpl(' data . 

... 

FINAL_RESUL TS ( RNAME SITE ) MQEXP(RES OP , RNAME ORO TYPE) 

T5 ijoin Tl L T 

REOUNDANTJŒSULTS ( RNAME SITE ) 
T5 ijoin T2 R T 
Tl ujoin RI L T 

R3 F Tl ujoin R2 R T 
R4 H T6 ijoin R5 L T . 

RESUL TS (RNAME 'sITE) T6 ijoin T4 R T 
t- R5 id R5 U P 

R2 own T4 id T4 U A 
Tl F RI id RI U A 
RI H R2 id R2 U A 
T4 H T2 id T2 U A 

(, 

Fig. 5.7 Helations neated by Determine_Request with tht> 
updated version of RESULTS 

~ 

5.2.2.4 R~(IUe'sLRelations 

The RequesLRelations procedure requests relations needed to continue query 

processing from neighbouring nodes. Tllese relations appear in the RN ~ME aHribute 

of the updated RESULTS rela~ion. 

Procedure RequesLRelations ; 

Begin 

SITES -SITE w}lere SITE =J OWII in RESULTSj 
Reset (SITES) ; 
TOLIST .-..Pick (SITES) j 

While TOLISr Ilot empty 

REQUEST .-..RNAME i~l TO,l .. IST ijoi1J RESULTS j 

SEND ('REQUEST', 'TOLlST', 'REQUEST') ; 
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'J'UUST· Pick (S/TES) : 

EI/d H'bilc ; 

El/cl Request .Relations, 

NeighlJOurs wlt.h n('edec! results are sclefted into SITE~. SITES is reset and a 
", 

tuple' identifying olle Jle'ighbour is picke'd into TOLIST. At cacl! iteration, REQUEST 

,f{'ceives tilt' nalllcs of relatiolls nccded from the' cllrrent host in. TOLISl'. REQUESl' 

il> then sent to the hosl III l'OUST ,iIId another tuple is'pieked from SITES. Iteration 

stops when TOLIST is elllpty, indicating that a1l sites have been picked and have 

heeil sent a request. 

. 
Figure 5.8 traces RequesLRelations on the sam pIe problem. 

SITES (SITE) 

F 
H 

(a) 

TOLIST (SITE) 

F 

(b) 

REQUEST ( RNAME ) TOUST ( SITE) lŒQUEST ( RNAME ) TOLIST ( SITE) 

1'2 H 

(c) 

RI 
T4 

(d) 

- . 

Fig. 5.8 Execution of RequesLRelation's on sample problem. 
(a) The SITES relation. (b) Result of initial pick. 
(c) REQUEST and TOLIST after first iteration. The 
REQUEST relation has been sent to Host F. 
(d) REQUEST and TOLIST after second iteration. 
The REQUEST relation has been sent to Host H. 

5.2.2.5 Receive_Relations 

.. 

Once requests have been sent, the Receive_Relations procedure waits for the 
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neiJ!;hh()llr~ 10 re~p()J1d Ily rel urnillg t he rt'(I'I('~ted T(').I1IOII:- III ('i\I\OI\I('a.1 lormat. 

Procedure Receive _ Relations. 

Beg;/J 

lVllile SITES Ilot clllpty 

Evellt : CU arrIves iI/ FllOM
SITES ~ SITES djoiI/ FllOM j 

CR -+ Receive ; 

EI/d \Vhile ; 

EwJ Receive_Relations : 

" 

Arriving dala ih appcnded to a canonical relation, CH Wilich is initially f"~npty; 

Each time a neighhour answers, its nanlf' is deleted frolll,thc the SITES relation thal 

1 

was created in RequesLRelations. When SITES becoll\es elllply, Receive_Itelations 

knows lhal ail requesled data has hcen received and terJIllnales. 

Figure 5.9 illustrates the eXécution of Receive ...:Relations in the current s("('-

nano. 

,/ 

FROM (SITE RTYPE) SITES (SITE) ~ (RNAME ... ) 

H CR F RI 

(a) (b) T4 

FROM (SITE RTYPE) SITES (SITE) CR (RNAME _ .. ) 

F CR RI 

'''-. 
(é) T4 

, Tl 
,(~ ) 

Fig. 5.9 Execution of Receive_Relations on sample problem. 
(a) Host H reS,ponds with requested data. (b) SITES 
and CR after fi~st iteration. (') Host H responds. (d) 
SITES and CR after se('ond iteration. 
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5.2.2.6 Merge 

" : . , 
Noy: t hal llIort' data ildocally aVililable, Process_Query call$ Merge 10 rc-

comput.e a local dt'composilion ùsing IIcwly availallle relations. Availahle relat.iolls 

are those appcaring in RESULTS. The unresolvcd portion of QEXP was p1a~ed in 

MQEX P whcll Determ!ne_Reque~t wa~ ('alled. Merge calls to Decompose with 

MQEXP and HESULTS as parallletcrs to ohtain a new LQEXP relation to exerute 

)orally. RESllLTS IS Tt'set to rontain the results of this latest execution. 

Procl'dure Merge , 

.Begin 

Decompose ('MQEXP', 'RESll!:-TS') ; 
Execute ('LQEXP') ; 
/ŒSlTLTS [RNAME, SITE --RES, o\\'I1j in LQEXP; 

Elld Merge : 

FIgure 5.10 shows LQEXP and RESULTS relations after Merge is executed on 
~ -

the samp)e prohlem. 

LQEXP(RES OP RNAME ORD TYPE) RESULTS (RNAME SITE) 

TS ijoin Tl " L T T5 own 
T5 IJOIO 1'2 R T Tl own 

-:-:::. 'n-- ujoin RI L T T4 own 
Tl é. ujoin R2 R T RI own 
T4 --iif~- T4 U A R2 own 
RI id RI U A 1'2- own . 
R2 id R2 U A 
1'2 id 1'2 U A 

Fig. 5.10 LQEXP and RESULTS PToduced by Merge. 

et ut- n -Res~lts' 

The local host informs the sen der that instigated the'query proressiilg ofavailable 
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locally, FINAL.RESlTLTS will he r(l'luTllt'd 101111' 1l~l'r. In M'c'IOn :t:~ Wt' (·Xpl.lÎIIC'cl 

that the local host has no way of knowÎng whal re~ult~ art> ft>(lllired 'by t!t(', sendt·r. 
• 1 

If the <Juery protC'ssing did Ilot ori~iJla1c localI)' it I!> pos~ihle that certain r('!>ulls 

cOlIsid<.'red <l,S r<.'dumlant locally lIlay h<.' IIt'eded hy th(' ~(,IJ(kr III Ihi~ (,lM' HEDllN-

DANT.RESULTS is also append<.'d to FIJ'\AL.HESllLTS. Retth-n.Re1ults retUnts 

the augniented FINAL_RESyLTS to th<.' hml :delltified III SENl;EH. SE~DER Îs the 

saille relation created in Receive.Query. 

Procedure Return_Results ; 

\~ar name : string j 

Begi1l -'\ 

FINALRESULTS -+ R~S[TLTS;, 
1Iame ;-.Scalar(SITE il! SENDER); , , ,-

If name =f. OWll t bell ' 

/ 

FINALRESULTS <---t REDUNDANT_RESULTS ; 
Send ( 'FINAL_RESULTS'. ~SENDER', 'RESlILTS') ; 

E1Id Return_Results ; 

\ ... '-.. 

Figure 5.11 shows t he final results to he. returned to-1-Iost D in our §fenario. 
~ . ~ .~ 

FINAL_RESULTS (RNAME SITE) 

T5 own 
Tl own 
T4 own 
RI ow'n 
R2' own 
1'2 own 
R3 F 

~ __ , R4 Ii 0 \ 

FIN ALRESULTS rehltion produced by, 
Return..Results. 

• 72-

.. 

) 

< 

• i 

/ 



t, 
.-

• r 

,,-. 

e , .' -

, 

. , 

, . 

.' 

-

./ 

t? 

5.2.3 Local Response to an Incoming REQUEST Relation 

" , A ho!>t IIlust a!so d('al \\'ltlt a IIclp;hbour's reguest for data. A !~quegt takes the 

forlll of a HEQUEST tyP(' rdatioll bC1I1p; ~jf.!;J\al('d ill FHOM. Whell il local host re-
,- <\ 

.> 

ceiw's il HEQlTEST relati~)J\, If must assc11lblr> tlJ(' H'qlH"<;t('d data in canonical format 

Cl 

and ;'(,11(1 it to the req\H':,tlllP; node. Process_Request ('ollverb requested relat10ns 
. . . , 

one at a time to canonical format"appcndinp; fhen 10 a CH rèlation which is initially 
" 

eJÏlpty. Cf.{ is t h(,/I S('l1t to the host.,requestinp; the data. 

EVcnt : HEQfTBS'f relation is signaled in FROM 
""1 

Proced"ft' Pro cess ..Request ; 

Var relIlilIlJe : st riIlg : . 
Beghi 

TOL1ST .- SITE in FROM- ; 
li EQUBST -- Receiye; 5 

Reset,( REqlTEST); , 
ATllP -Pick (REQlTEST); 
CU o-('mpt.r; 

lt'l!i]c AT1TP Ilot empty ~ 

. 
rehla'lll(, .-~ S:calar (RNAMJj; iIl ATUP) j 

OriginaLCanonical (relmmu') ; . 
ATUP 1-Pick (REQUEST) ; 

Elld WlliJe; ~ 

Se:nd ('CR', :tOLIST', 'CR') ; 
" ...... E1Jd 'Pro~ess_Request ; 

• 't 

, . 

Figure 5.12 shows how'Host G deals with a REQUE~T relation arriving froIn " 

Host D. -. 

5.3 ~ésolv~ng Distributed Quel'ies 

TJ\(' (Juery prorcssing st nif egy des cri bed.ill t his cha:pter will resolve a ~istributed 
• l _II 

" 
q~ety J>r()~idinp t haf t h<- quçry is correctly forlll~la1.ed and t he lI~t work is one hundred , 
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FROM (SITE RTYPE ) 

D REQUEST 

(a) 

TOLIST (SITE) REQUEST (RNAME) 

D T4 
T5 

ATUP. (RNAME) CR (RNAME ... ) 

T4 
(b) 

CR (RNAME ..• ) A TUP (RNAME) 

T4 T5 

(c) 

CR (RNAME ... ) A TUP (RNAME) 

T4 

T5 
'1 
, (d) 

. \ 

Fig. 5.12 Tra('e of Process..Request. (a) A REQlJEST 
relation arrives froll! 1I0si D. (1)) Beforf> entering loop. 
(c) A ft er first il erat iOIl. (d) Alt er secon cl il eral ion. 

percent. reliable. Any syntadic errors in the qucry will be deteded hy the parscr wben 

the query is converted 1.0 a Q EXP relation. Logical crrors, such l\~ rcfercnces to non· 

existent relations) can not he deteded unt il the query propa.gal iOIl has terminatcd 

without having resolved the initial q~ery. If a host failfl 10 respond in the qucry 
" 

dialogue the process will wait indefinitely. A time-out mechani!>1ll i~ required 1.0 tell 

the host t.o stop waiting for a response aCter a rea~onable delay. 

If queries are to execute concurrently, cach must be associat<.'d with its own Pro-

cess_Query process. Messages must indicate to which process they pertain. 
-- '\ 

J 

, 
\. 
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Chapte~ 6 Conclusion 

A dialogue modd of disLrihuted query processing allows illdependent proce&sorl) 

to rcsolv(> di~tributed qlleri(>~ wit h no prior knowledge of a global schema. Query 

pro('e~~jJl~ l~ hiJ-ihly parallel il! t he dialogue mode1: ~uhqueries ilia)" start executing 

at s('vctal I!osf<., hefof(' ail of the data i .. actually located. 

Wc used thi" distributcd <)uery processing btrategy a~ a vehicle 10 !,xplore t'lw 

ap.plicability of AidaI. Il app(>ars that Aldat fe(!llir(;s SOIlle extf'nsion~ to he ahle 

to deal with the data dïstribul.ioll. We, do not propose to implellwlll thib system in 

Aldat; a lower levd language snch a~ C would 1)(' much more appropriat{>. However, 

sillct' Aldat ib such a powerful formalism, it allowed us 1.0 illustrate tll<' strategy in 

relat.ively few line:, of code. Moreover, !his rather primitive atternpt at dealing with 

data distributi(JIl using the relational mode! gavf' Ils sOllle valuable insight into the 

represeut at ion and manipulation of meladat a and the deve}opment of IlIetacode. 

6.1 Applications to Metadata and Metacode 

QEXP relations allow quenes to he expre~s('d and manipulated uSIIIg the samt' 

fOTIIllllislll with which we represent and manipulate data. Thu:" q,ueries lllay be stofed 
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a~ daf(l in th(' datahas('. 1\ rallonlral ft'pn'M'lItatioll (lI qllC'riC'l-lIIotl\",I1c'd tht' l>tlllly 01 

a ranolliral data rrprcsclltatioll. TIJe' callolliral relatIOn cOlllhllW" d,da ,Ille! IIIC'1adata 

in a siJl~lr f'Ormat t,o reprcsent arhitrary relatioll'" lfTl'I,l1ion'and attnlllltc- n<\IIWh lita\' . . 

appear as data values, selllantic inforlllatlOlI (an 1H' represcntec! al> lIH'tcHlata. Two 

examples of semantic informatIOn are IIlte~rity constrélitlb and )\I('rardllcal rdationl> 

alllon~ altributes. The QEXP relatioIJ efrective)y e1illllllatel> the dil>tinr1lotl lH'tW('('1I 

dat.a and code. 

Any integrity consl raint ran be represent.ed as a <Juery in a sufliriently pow('r"fu) 

" 
query formahsm [MER 84]. For instance, in th('sampledatabll~eofChapter 2,allfihm 

appearing in the TITLE attnhute of t he ACTOnS rdiltlOn II1l1st have Il rorr(,hp(lIIdiIl~ 

\ 

tuple in the FILMS rclatioll. Tuples of ACTOnS violatin~ this ron'itraint ran he 

detected hy the Aldat query: 

ViOLATIONS --ACTOnS djoiIl FILMS; 

which in turn may be represented as the QEXP relation of figure 6.1. 

,1 

QEXP( RES OP RNAME ORD TYpE) 

VIOLATIONS dJOin ACfORS L R 

VIOLATIONS dJOIn FlLMS R R 

ACfORS Id ACfORS U P 

flLMS Id FlLMS U P 

Fig. 6.1 An integrity consf.raint represented by a QEXP relation. 

A hierarchical relationship may he defined on the atl.ributes ACTOR and DIREC-

TOR of the relations ACTORS and FILMS of figure 2.1. Both of these aUributes 

identify people. H is somctimes necessary to distinguish between people who art' 
\ 
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aclor .. ilIId p;'()JlI(' \\'110 at(' chr('cl()r~. III oth('r ~ltllatiollS nI<' penoll\ functioll llla)" 

1)(' 1 rn·!e\,t1111 alld 1 II(' IIsc'r will refer t 0 peopl(' ill ~('J1('ral. Hdatiolls ("ail rt'prest'I1t 

"\Jel! lIif'fi1f( Il,it'l> III faet the <'Xpre~sjoJi DAGs rcprt'sented in QEXP relations are ah.o 

IIÏt'rarchi('~. Tilt' relation in figure 6.2 ~ho'!Vs that an actor is a person and that a 

di re('j or i" <t pf'rhOll. 1 n 1 SM 1 771 sudl a hst.rad ionl> are referred 1.0 as 9('71 C7'allzatI07Is. 

Th(' paJlf'r al.,o (b~("usscs anot!ter lis-t'fuI data abstraction, aggl'C9a(Z01l. 

GENERALIZA TIONS (SUBJECT ISt\,) 

ACIUR PERSON 

DIRECfOR PERSON 

Fig. 6.2 PERSON is a generaIization of ACTOR and 
DIRECTOR. 

Onc(' data and ("ode have a common representatjon, meta<"ode can he written 

1.0 manipulate code. The Decompose procedure of Chapter 3 does prcciscly this. 

One can go a steI> further and wnte self-modifying code. Sueh capabiht ies, jn the 

1 LISP language for example, have proven- to be an indispens!lble toollll maIl) Irtifieial 

intelligence applications. 

1, 

'6.2 Future Work 

It remains 1.0 study how much optimization can be introduced into the query di-
, ' 

alogue. In the DBMSs discussed in Chapter 1, query processing is glohally optimized 

at th~ query's site of origin. In sorne systems su ch as R *, local hosts can further 

optimize acccss 1.0 their own data. Most global query optimization strategies assume 
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" that the ('()~t of -t rail '>111 l ''!--1011 d(~l\IIIHlI('~ I})(' (i)~1 t-t-!-+o"rl pro\'(':--~IIIg' alld ,H ('('"'' 10 

~econdary stora~(' III any ).!;('o).!;raphi('all~ di"p('f'>('d n<'lwork ! hi:-- a:-'!--\Il11ptioll holdh. 

Global <Juery optimizatloll 1" tlwrefore equÎ\",111'IIt t~) I!IÎnimizi-n).!; d,lia 1II0V('IlI('nh 1)(' 

lween compllter!--. Hillary operatIOn!' dfl' oftell tran"lllIed IIIto .~(III1·,(I/II.~ lB El{ HI.al 

841 and [YU H4J all de,t! wlth optillllZIIl).'; dl .... trihlllt'd qU<'fy pro('('1>~in~. 

ln t he dialo~ll(, IlHHlel for di1>1 fi hutl'd ql1('ry pro('('!-osilll~, 1 hl' )<lCh of il ~Ioh.d ,,( 111'111.\ 

inhihit::. ~lohal optllllizatlOII Howevef, OIlC(' .. ho ... t hd~ de!t'rllllllcd thc n'l,dioll" It 

'ne,{'d~ frolll a 1I(,I~hho\lr. Ihe palrWlse ('},challg(' 11Id) \)('oplll1l1zt'd. Il i~ )l0" ... ihl(' 
1 

that III ~Olll(' prc\ctJ(,,.1 ~It nalion., tilt' ('(hl of llIalllfdllllll).!; ,1 I!;lohal "c1J('IIIi1 ()f1~eh 1111' 

!-élvil\~" ~(,I\('r .. l('d h) ~Iobal optiIllI:t,atlOlI. Il \\'1111)(' IlIt('f('.,1 1 III!; 10 IIl1plcllH'nl ,\ ..... nl('111 

DDBl\lS .... 

The wor\( III thi., Ih('~i ... wdl also influellc(' thc ('volullOII of tl)(' J\ld.tf I.lIlgll.l~f· 

Neatef fOrlll(t!J~Ill~ IllI11>t 1)(' found 10 han<1l(' tht' (OIlYCf"Îon bcfw('clI d.lI.1 d,Id qll('r\, 

repr('s('ntatioll~. The alp;oritlllll 10 ('oliver! Alda! ('XprC"''''IOII'' 10 QEXP Tt·I.IIIOII'> ill 

Chap1er <1 wJlI ah.o havI' t 0 1)(' 1II0r(' pr('ci"t'ly drfillcd. 

o 
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