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ABSTRACT 

Thl<., thc~l~ <.,llOW<., tllat major obJcct-onentcd fcatures C~"l be impleIllentcd 111 a 

n.:la!IOnal databa<.,c tu Improvc It<., ea~c of use Such obJcct-oncnted fcatures a~ class 

11Il!rarchy, Illhl!ntélllC'C or attnbute,> (lI1d method .. , polymorphl'lm, alld colkc!lOll'l of cla~sl!"', 

arc capturl!d by thrœ mda-relatIOIl'> III whlch the relatJolI..,hlJ)~ bct\\'CCII cla,,')c~, a~SOclatloll 

of Illetho(/\ wlth cla\)c\ and the compmillon of collccllom. arc rccordcd. Each of these 

Illcla-n:laIIOll\ IInpllc) a lllodllkalll)J1 of the rclatlOllal algcbra 0lx~latorl) ~o that they can be 

applIed hoth 10 the IIldcpcndcnt relations and to the relation') whlch are part of the class 

hll!rarchy. 

We (kscnbe thl! rdatllll1al algebra IfnplemenlatlOn of ail the modifIcations to the 

rdatlt1nal opcrator"i necc~~ary to accommodate the object-oncntcd teatures mentioncd above. 

New "iyntax 1) \lIggc~lcJ whcn the~c modificatIOns are not ~ufticICnt. 
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Rf:SU r-.l (: 

Cl'ttc thè~c montre q lie k') caractén \lIlj Ill''' maleurc\ OlïL·n!L·L· ... -objl'l Pl'I!\ L'llt l'Ill' 

1111;Jlcmel1tél'~ dam une base dl' donnée" relationnelle l'Il l'Ill dc l.l~'lhlL', "'Oll U .... lgl.' ( 'n 

caracténstlQuC<i oncntéc~-obJct, cornille la hiérarchie dl' ll.l"'\\,.'~, l'hL" lt.lgl· d'.ltlllhUh ,'t dl' 

méthode~, polYll1orplmmc, et le ... COl!CCtHlI1:-' de CI,I\"'C\, \Ol1t ILïlll· ... ellll· ... p.1I tllll'. IIll't.l 

relatl0l13 dam IC~qllClle~ la relation entre le" ll;I" ... e,>, 1'.t'>\\)l'I,1I1011 dl' 1110tI1OIIL ..... t\l·l k\ 

classes, et la l'Ompo ... ltlOl1 dl:'> collcl'llon~ "ont ellrl'gl"tr~\ ('h.tL'ullc dl.' l'l''> Illc!.t Icl.lllllll\ 

IInplIquc unc modIficatIOn dc\ t)pl~n',Cllr\ d'algèbre rcl,ttlonnl.'l!c qUI PL'U\'cnt 0tl1' .lppltqUl'\ 

aux rclatlOm IIldépcndantc,> ct au\ rc1.lltlln\ 4\11 ront p.uttl d'lIne hll'I.lI\'hll· dl' d.l'.'.l"> 

NOLIS décnv~)J1S l'lInplantatlon l'n algcbrl' rl'l.IIIOlll1l·11e lie.., mml.lll'.llIOIl\ .111\ 

opérateur<; opératlol1nch nécc.., ... alrc" pour aJoU!LT k" caraL'll'r l ... tlqUL·'" OllL'l1lL'n ohlL'1 

mel1tlOnnéc~ Cl-des..,us, Unc nOll\'Cllè "'yntaxc C\t "lIt!g.ér':l· d.lll'. le" l'd" Oll l'l'\ I1HldltlL"ltIOIl\ 

ne ~ont pas <;llftïsantcs. 
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Cilapter 1 

Introduction 

In th,,,> th~">I"> \\~ ar~ ~\plonJlg th~ pn">'1lhil't~ 01 the 'llIpkllh.'lIt,lI 1011 pl tltl' hl') \Ihll\ t 

nn~nt~d feature) 111 th~ rcl<llll1l1al d,lI,lh,l'l' 1l1lldcl 

Bdorc th,,, tupI\..' 1"> pur"llL'd. '1 1" IlCl'l'\\.t1 \ 10 h,l\ " ,111 il' 1.'1 \ Il'\\ pl thl' 111.1111 

d1ar.lL'len\tll"> ()f rel,lllon,lI dalah,\\,:", obll'l'! nrtl'Illl,d Pllli!l.lIlll1l1fl)! I.lIlf~lI,I1-'l'\ ,lIld d,l!.lh,l\l'\ 

(SeL:tlOn~ 1 1 tu 1 301 Ch.tptl'r 1) 'il'llIOI1 1 4. 1 hl'''l'' :\1111\ ,\Ild (hlllllll'\. lk'\lll\ll'\ hlll'th 

tl1~,>e J..ey ohl~'-'l-qrtl'ntl'd kalurl'.., Il ,Iho pre\Cnh thl' l'llll'lllki ,lllllll" 111\ Ilh l'II III thl' dl'\I!," 

of Ih(',>(' fcature,> 111 thl' Rell \ fl'Iallun,t! d,\laba'l(, \l'\ l'l,II l OllllllL'll l,tll) .1\ ,III.1hk ohll'l t 

onenlcd pmgr,\1111l11ng 1,1Ilgu,\g~~ and d,II,lh,\'IC\ ,Ill' L'\,llllil1l'd III ~l'l tlOll l ') \\ 1111 1 Ill' "l1l'll.1I 

el11pha)l~ on lhl'\C t'l'aturl''> 

1.1 Uelational l\lodel 

ln the rclatlol1al dat.tb.\'Ic 1110dl'l. 1I1!()ffn.\!IOI1 1'1 rl'prL'\l'lltl'l1 111.1 I.!hk Illllll.ll \\ Itll tlil 

followlng charal'tcr!..,tIC'>' 

• ail row~ arc dl,>IIIKt 

• the ord~nng of the row~ 1" Immatl',lal 

• each column 1" labdlc:d by a unique na me maJ..lI1g tlll:lr OIdl'r 1I1'11i!IlIIIL,lllt 

• ail vallle~ ln each row and LInder e.ll'h coltlll1n ail.' "111l1)1e. 'Ilich .1 ... IIltq!n .... Lh"r.!l tl'I\ .Illcl 

booleam The meanlng 01 """l1ple" dqx:n(}<, 011 thl' opefdlloll'" perlorlllcd 

Each row IS cali cd a tuple and a column 1" n:fcrred to a" ,\ dOlllaill or .111 at1rihllte. 

A domain IS a pool of valL1c~ t'rom wlllch the véllul:~ 01 ail attflhlltc arL.' tlf.!\'" Il 

1 



ï Ile rcldtlllna] approach to (Lita lllodcllmg \Vd) propo~ed by Codd 111 1970 [Codd70], 

t\ reldtlol1 \'..1,> to hc Il''CG :1'> a llloJvl for a file A ,>ct of relation,> \\erc to rcprescnt data III 

d,ltah.t'>c", '] hu,>, 1!1 thl'> context, a dat"h.l'le I~ a '1ct of ti1l1e-v,trylllg relatIons 

One ot Ihc grcat i!(!\ anldgc,> of the JclatIonal VICW of data 1 \ cid ta 1l1dcpendcnce, 1'0 

the ll,>cr, d.llel appcar.., III the 1"0rl11 of table.., whlch can be Implemented Irl many way~, such 

.1'> IlllldCIll'C Illdlnœ\, nC!\'.orl--,>. ,>cLjllcntlal or 111\ l'rtcd tilu" and othl'r~. The u~er necd not 

worry ahollt tllc phY'>II',tI ,>trllclurl' of the relatIon<, 

1.1.1 Helational Aigebra 

'] hl' rel.lllonai .lpplOdCh gl\c,> u'> not only the rclatlonal Illoud fer data rcprc)cntation 

tllit .Iho tlll' n,t.liolla] algehra tn proce,>, d<lta wlth 

I{t·laliulla] algehra 1'> ,llOllectlOll of 11Igh kvel operatIons on Ielation~, Thcre 15 no 

concept of IUplc, c.ILlI Il' I.lt lun,t! opcralur l.lke,> d'l operand,> \\ holc reiatlOm and rcturns a new 

fl'l.ltlon a\ Ih 1L'\lilt 1 OOP\ ,1re a\ OH!ed dunng the proCC'l,>1I1g of relatJOn~, RelatIons are 

l'OIl'lllll'rL'd a\ .ItllllllL llhll'l'h hy thl' rl'l,lllllIl.Il operation,> 'l'hl' "'llllplIfIC~ tht' notatIon and 

the 1ll.lllljllll.lllllll th.ll lllU"t he pl'rfor1l11'd and 1\ aho vcry appropnatl' for the data on 

\l'C{llld,trv ... llll.t~'l' 

('"dd llllgll1,tlly (ktilll'd a 'Il'l ot )ueh operatIOn,> and ~h(lwt.?d that tho,>e operatIons 

\\l'rl' "rd.llloll,tlly ll111lpkte" !Clldd721, Siller then thl: opcratur) of the algehra have bccn 

pl'\l'l'd ln t\V1l group' The tir"t of thc)l' group" 1I1c1udl' .... the tr,l(lItlonal 'Id operdt()r~: unIon, 

111tl'r"l'l'tlnll, dIlkrcl1l'e ,\I1d C.lrtl''1I,Ul product The "econd group 1.., Cl)mpo~l'd of ~peclal 

rL'I.\tlllll,tI lllll'f,llnr\ \l'lcc!. IHUll'ct (linary oper,ltnl\) and '1l'vl'ral famille" of JOim (bmary 

llpl'r,l\or\) l'Ill' 1,lltl'r npl'r,l!or'l arc d.:tirwd a~ Inlll1\\\. 

't'lt-l'I )Il'Id .... ,1 Ill'\\' rl'l,ltlOll \\lw"l' tupll'\ ,>,ltl\fy the gl\'l:~n \clection comtrall1t imposed 

on tllL' tu pie" of thl' gl\'l'Il relatIon, 

projt'd ) Il'Id" a nl'\\ rd,llion \\ 11Il:h l, dctinl'd on a ~ub~et of domams of the glven 

rd,ttll)ll, 

JUill - L'olllbll1l''> t\\O gl\'en relatIons ln a thlrd relation by joining togcthcr tuples wlth 

\,:nIl11l101l ~tttn butl''I 

2 
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1.2 Object-Oriente! Prognunming Languagt'S 

ObJCLl-onen ted language.., deal \\'1 t h obJl'l'h. 'l'hl' l'llll1l11011 pllllk'I!ll'''' ('!III~'! ur l' ,\Ild 

behavlOur) of a ~et of ObjCdS ~an he ~olkL'led ln Li L'I,\..,..,. A 1..'1,1'" l'.lIl Ill.' "L'l'Il .1\ ,\ 1L·ll1pl.l!l· 

l'rom wlllch nbjel'b are crcated. The ll1dl\ïdu.11 ObJl'l'h d(,~L'r.llL'd h) .1 l·I.I....., ,u~' l'.lIkd 11\ 

instances The ll1~tancc obJect has the ,>trueture (lll,>taIKl' \,lIlahk ... ) ,lI1d thl' bdl.l\ 10111 

(1l1cthod~) dcfl11ecl ln lb cla~!. [Weg871. It 1) Important to h.l'l'P III 1ll1l1d tlll' dl"lllll'll\1I1 

betwc'~n an obJcct and a l'la..,,,. an obJect 1'> a nlll-tllW Ckllll'Ill \\1111.11 \\lIlllL'l'Il'.ltl'l1 dllllIl~' 

a system'~ exccut\()n; a cla~s lS a purely ,>tatlc c1l'''Cllptlllll 01 a ,>et 01 jlo"'>lhk ohl"'l'I" tlll' 

instances of [hl? cla"" 1 t\kyc88a). 

Inlwritance 1'> a reu'>.lblltty IllCI,:halll~Il1 101 ~hanng propertlc'i IlL't\\l'L'1l 0111,,'\.'1\ 'l'hl' 

k,ey Idca of cla~~ lIlhentancc I~ the provl'>lon of a simple and pll\\crtlll llll'L'b.umm ttll 

dctinlllg. new Lla"..,e~ (~ubcla~~c~) that IIlhcnt (rc-u,>e) ,>tIlictule and \lL'I1,I\'IOI11 tWill Ill,,' 

ell.lstll1g cla~~e ... (supt'n'Ia~~{'~), and pO~~lbly add ~llIlH? IIl"t,UICl' \',lIldhk" .tlHl Illl'tl1ud" \11 

thclr O\vn [Ni~r891. 

Let ll~ cOl1'>lder the two c1a~se". Employee and Stuch,nt Bolh cl,I ... "\.',, h.lVl' lOllllllOIl 

structure (for example, name, address, marl.tal statlls), and cl COllllllun llL'h.lVIOlil (lOI 

example, they can change address, and rnay get marncd). AddItlon,dly, edch l'la,>.., ha., 

~ome specific I)tructurc and hehavlour. An employœ l'an be perll1anl'nt ur Il'l11plllary, .IIHI 

so forth: thercfore 'Ive nœJ a mcthod to change lm ... tatll'>, l'or exal11pk, a .,tll(lL'lIt 1\ 

rcgistcrcd III a rac.'dty, and ... llOUld be able to change 11l'; progralll 1Il.lll oblCl't (lIlL'llll'd 

system we can model t/ll', rddtIL)lJ'-,lllP by crcatlllg a !\lIpercl<I"'" pCt"sr)fl wlllch COlJlprl\l'" lI.e 

common propcrtles of Employee and student Then wc del'lare a cla..,.., F.llIplrJyfc'fJ wIlIJ Ih 

special propcrtIcl) (vanable ... : status, etc; Illethod,,' change work ot.atuG, etc.), 10 hL' ,1 

subclass of Persan SO that Employee can lIlhcnt ail the propertlc" or l'cru(Jn '1 hl1'>, l'vell 

though the vanable name II) not detïned 1Il1)Ide thc Employee c1a..,,>, It ClIl <.tlll Ill. rekrellccd 

through the lIlhentancc Illlk to the Person cla ... ..,. SlIllllarly wc dcclan: Slud,'nt to hl' a 

"ubclass of Persan, 

Wlth simple inhcritallce, a ~lIbcla.,~ may Illhent propertlc" 01 a o.,lllg!l; :-'IIPl'rcla.,., 

A natural extension to ~Implc Illhcntance IS multiple inhcritancc WlllCh allow" a ,>u!Jcl;,,,., 

to inhent propertics of multIple supcrcla~~c..,. 

3 
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Inhcntance 1\ a powcrful orgamlatlonal principle. The class hierarchy represents 

a \PCCldlll.dtlon rl'latlOl1c,hlp bctwccn a "llpcrcla\" and It" sllbcla""cs. It also captures 

\lll1llantH.!\ and dllren:ncc\ al110ng vanou\ clao.,o.,c<, of entltlèS: the slmtlarity bctween two 

c1a\\c\ 1" expre\\ed hy ('ommun ancc"tors (supcrcla"sc~) JO thclr clas" hierarchy, and the 

dlffercnce 1" Illdlcatcd by havll1g th/j'l'rellf c,upcrclac,ses. This mcans that an obJect-oriented 

language provldl''> a uo.,er II1krtacc for the defimtlon and manipulatIOn of relationships among 

peur" of c1a""c\ '1 hl~ III turn mCdm that applIcatIon programmers nccd not explicitly 

program and Illélllclgc thc\c relatlomhlp\ iKlm91j. 

Another advantagc of the inhcntancc mecham"m is, of course, the possibihty of code 

\hanng Both the programmer and the Implementation can take advantage of that. The 

programmer l1œd not wntc the mhented mcthods agam, and the program wIll be shorter. 

~h()rtcr progralll\ re"ult 111 a 11l0rl' compact code stored ll1 the computer mcmory [Yon87]. 

McthOlh defincd on d \upercla"s are Inhentcd by Its "ubclasses. Furthermore, a 

"uhcla\\ may rcdeflllc the II1hcnted method by modifymg ItS Implementation whlle retainmg 

the Il<lmc of the 1l1cthod. 

l)olylllorphbl1l 1\ dctïncd as the ablllty of operations to be performed on more than 

one cla\" Plllyl1lorpllJ(.' Il1cthods arc Il1cthods whose aetual parameters can be of more than 

one da"..,. CarddlJ and Wegncr [CaWe85] dist11lglllsh bctween two global categories of 

poIY111orphl"ll1, nalllely, univcl'sal p()lymorphi~m and ad-hoc polymorphism. 

Unh'(\I'sally pol.YllIorphic fUl1ctiolls work uniformly on a posslbly mfinite range of 

type, a\ long a, thc"c type" exhlhlt "omc common structure. A Count functlOn which counts 

the ckll1Cllt~ of a ,,,ct Irrco.,pccllVC of the type of the clements IS an example of this kind of 

polymorphlsm. 

In contrd"l, ad-hoc polymorphie methods work 011 a fmlte set of dlfferent and 

potcntlally unrcLltcd c1.lr,;~cs (Whlcll may not exhiblt a common structure). Furthermore. the 

I11l.'thml'i may bchavc III llnrdated way~ for cach class. 

On'l"Ioading I~ a catcgory of ad-hoc polymorphism. Here the same method name 

15 ll'lcd to (!cnolc (h f1ercnt mcthods and the contcxt (class of argument) is used to decide 

wllIch llllplcmcnt,ltlOll IS dcnotcd by a partlcular mstance of the name. Thus. the same 

method IlalllC ClI1 l1lap to chfferent code bodies LUnSc90]. For example, method Display 

may he dcflIHX! on da\o;;c~ Cucle and Point, but its Implementation and behaviour are 

dlffercnt 111 c,lcll c1a\s. 
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Class mhCnlanœ IS clmcly n:lated to polymorplmm. The ~.lI11e oper.\tlon ... tb.1I ,\pply 

to instances of a parent cla~\) aho apply 10 tnsta.nœs of lt~ ... uhda ...... e~. A method reddilll'd 

in the subc1ass IS an overloadcd method [Nler89] 

Encapsulation IS tLe pnnclple whll:h statl'~ !hdt .1 da~ ... l\1I1 only Ill' .lU:l· ...... l·d Vld Ih 

external intçrfacc. Il stnctly dlstinguIshcs be!\\een the lI11pkmclltatlllJ1 of a cla ...... th.l! l~ only 

vIsible to Its implemcntor (and therefore hlddcn), and 11\ IIltcrface, WhlCh de"'l'nhl'~ the only 

way in WlllCh user~ l'an VICW the c1ass [UnSc90J. 

1.3 Object-Oriented Databases 

The next-gclleratlon databasc management systems, SOll1ct1 I11C ... calkd ohlCl't-oncllted 

DBMSs, arc dcslgncd to \Vlden the applicablllly of dalaha\c tCl'hnology 10 new ~\Ild\ ot 

applications 111 whll'h tradllional DBMSs arc c1alIllcd 10 oc 1I1,\dcqllàlt. .. • The ... e ,\pphl'atlOn ... 

inc1ude cOll1puter-atded software cngll1ccnng (CASE" nH:ch,lnlc.t1 ,1Il1! ckctnc,t1 computer 

aided design (CAD), computcr-al<.1ed manufal'lunng (CA~1), \clcntllÏc and llICdlL-.tI 

applications, grapl1J(:s representation, office automallon, and hU"llll· ...... application ... 1('.111911 

The data modcllmg [eature.., of the next-gcneratloll DBMS .. 111Ight he rcgardcd " ... 

cornbllllllg the be~t katures of rclatIOnal databa\e ~ystcm~ and objl'ct-ofll'Iltcd pwgralllll1l11g 

language\). Databa<;e sy\lcl11:" hke O2 IDcux!)1], ObjcctStorc (LUllb91j, ,\I1L! (ilmStollc 

[Butt91], WlllCh cvolvcd trom progralllllllng language architecture, provldc "databa\c 

programll1l11g languagcs". That lS, they are deslgncd a\ an cxtcn"'lon ot ObJlTIonCIllL'd 

programmlllg languages (OOPLs) to provlde pcrslstcnœ, concurrcllcy control, q li cm.:" , alld 

other databasc featurcs for programmmg language oOJCl'l\ Dat,\h,\ .. c .. y .. tclm IIkc 

POSTGRES [Ston91] cxtcnd the fUllctionahty of relatlonal dataha ... c \y .. tcllI\ wlth procedllfc 

calls, eftïclent obJcct referenccs, hlerarchy of objccts, and othcr obJcct 01 ICllkd programll1lng 

language capablhlJe~ [Catt91]. 

An objcct-onented databasc (OODB) can rcpre\cnt not nnly data, rcldtloll\hlp" and 

constramts on the data, as can any conventIOnal databasc, but It aho allnw .. cncap')ulatlon 

of data and of programs that operatc on the data. Further, Il provldc\ a unrtorrll frarncwork 

for the trcalment of arbltrary user-defincd data types Il 1 .. a \y\tcrn whlch provldc\ 

databa~c-Iikc support (for pCr\lstcncc, transactlon~, qucrymg, etc.) for ohJcct\, th al 1\, 

encapsulated data and operatIon s [K 1 m91 ]. 
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An ohJcct-orIcntcd databa!'.e 'iupportç, a set of core objcct-oncnted concepts which are 

round 111 mo,>t obJcct -oncntcd programl1lll1g languages and system s [Knn9 ~]. 

1. Evcry ohJcct cncap~ulate\ a \talc and a bchavlOur, whcrc the state of an obJect is the set 

of value., for the attnbulc., of the obJect and the bchavlOur of an object IS the set of 

method .. whlch operatc on thc ~tate of the object. The !'.tate of an object may be 

accl'\~cd, and Il', bchavlollr lI1voked, from outside the obJect only through expliclt 

mc<;\agc pa~\lng. 

2. Ali obJcct~ that ~harc the ~ame set of attributes and methods are grouved in a class. 

3. Ali c1as1 c., are orgal1\zed ln a rooted, directed acychc graph, or a hierarchy (called a 

cJac.,s hlcrarchy or an mhentance hierarchy). A c1ass mherits ali the attributes and 

methoch l'rom Ils dIrect and indirect ancestors in the c'as ... hierarchy. A message sent to 

an In,>tance of a c1a"., may be bound to a method defined 111 a ~upercJass of the c1ass. 

1.4 Thcsis Aims and Outline 

This thcsls demonstrates l..Jw the relational database model can be used to incorporate 

kcy objcct-orIcnted features, sLlch as 1I1heritance of attnbutes and methods, polymorphie 

1l1cthod." and c:.)llcctlvc c1as\c'i, 111 thc rclatIOnal mode\. 

The al1l1 of tlm, thc~ls IS to umfy rc1atlonal and obJect-onented paradigms 1) to 

cstablI ... h cxactly whlch conccpt~ and correspond1l1g syntax are needed to capture the 

IInportant ohJcct-oncnled features, and 2) to show that relatlOnal and object-oriented 

approachcs ar~ not II1compatlble. The deSIgn of the followlllg features IS addressed: 

• Classes are Idcntl lied wlth relatIOns; 

• Object idclltily (Id) 1") glvcn by ordll1ary attributes, whlch may or may not be keys of the 

n:latlon~ III whlch Id'~ arc detincd; 

• ClllSS Ilieral'chies arc r~prc~cntcd as relatIons; in particular: 

• an ISA. hierarchy IS I!1trodllced for the lI1hentance of 

• attnbutcs, and 

• mcthods; 

• a IIASA hierarchy 1S introdllced to provide subobjects and the broadcasting of methods 

to ail slibobJccts. 
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• A-'etllOds arc Idcntl tÏed with constant. functlOn. or proœ(!urc -valllcd Rttnhlltcs of a 

relation . 

• A high levc1 rclatlonallanguagc such a~ Rchx hali no concept of "tuple" or c(Jrrc~pondlllg 

syntax (II dcals only wlth "relations". as IS ~ultJbJc for a 1,1IlgU.lgC gl'.ucd tl) col1cctlVl' or 

"bulk" data on ~econdary ~toragc). Thcrcforc. the ohJcct-onentcd approach Illcorporatcd 

In Rehx will have no concept of "obJect" or ("orrc~pondlIlg syntall.. hut only the l'OlICCpt 

of "c1ass". It can thus bc thollght of as a "cla'is-oncntcd" rdatlOlMI langll.\gc. 

There are two possible approachcs to achlcvc thc allm ~peci fll~d ahove. 

1. Introdllce minimal new syntax into Rchx to cxprc~~ ob]Cd-oncntcd kat ures sllch a~ 

inheritance; 

2. Implemcllt cverythmg as procedure calls in Rcllx wllh no IlCW syntax (cxœpl that 

prescntly Rellx does not have procedllrc~ or functlOm, W wc will propOIiC IIOW a 

procedure cal1Is made). 

When a new syntax IS nccessary. wc will ~how that Il l'an bc lI11plelllentl'd 111 the Rcllx 

databasc language Itself wIthout rcvcrtll1g to the hase language (C) in whlch Rchx Iii 

i mplemented. 

Object Idcntity. 

A key conccpt of obJcct-onented programmmg IS that eaeh obJcet ha~ a 1I1\1411C 

identity by which II can be referenced. In most af the cOI11Jl1crclally-avallahk OODlh the 

object's tdcntity IS ItS physlcal addrcss.and obJects refcr to each other hy a pOInter ln a 

relatianal database the concept of a pointer doc ... not eXI~t. In oroer to be CO!l'>I\tl:nt wlth the 

phtlosophy of the relatlOnal approach, we choo<;c to f(~prl'v:nt the obJect Identlty hy an 

attribute of a relatIOn. 

In K~lIx ail the attnbutes of a relation can be malllpulated at the programlller'\ 

discretIan. We will conslder whether Jt 1S neces~ary ta havc a somcwhat re\tncteo accc\ ... 

to the Id field III order to mall1tain thc sy~tcm lI1tcgnty. 

Class lIieral·chy. 

The relational model does flot support the conccpt af IIlhcntance hlerarchy. l'or 

example, the relationship betwecn the relations Persan, Employee, Permanent, Tempurary 
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1 
and Student i~ de~cnbe.d graphicaIly below. They form an ISA Izierarchy. 

Person 
/ \ 

:Lsa isa 
/ \ 

Employee Student 
/ \ 

isa isa 
/ \ 

Permanent Temporary 

Person (id, Name) Employee (id, Emp#) Permanent (id, Salary) 
1 M:Lke 
2 Ann 
3 Pete 
4 Kate 

Tempordry (id, Hours) 
3 10 

l 123 
2 345 
3 456 

Student (id, Stud#) 
4 91012A 

1 30 
2 25 

Knowlllg the relatlon~lllp betwt-en these relatIOns, we can put together the 

IIlformallor. ,the~c lablc~ to conclude that Ann is a permanent employee whith salary of 25. 

Bcfore wc talk about usmg a c1as~ hierarchy, we need to find a way of recording the 

lInks betwccn chl~~es. Wc nced to adopt a new syntax for arrangmg classes lOto a hierarchy. 

(SA Il irrarchy. 

Once the rnhcntance mechanisrn is in place, the features that are described in the 

supcrclas'i relalron may be refcrred to by the subclass relatIOns. The followrng expression 

include'l a ~cll'ctlon and a projection of inherited attnbutes from a subclass relation 

Permanent 

[Namc, Salary] whcl'e Emp# = 123 in Permanent 

The IIlhenlcd attributcs of a subclass relation can be updated. For example, we 

ll11ght want to change the nallle of a Permanent Employee whose salary is 25. 

IIlldatl' Pcrmancnt change Name - "Anne" using (where Salary = 25 in Permanent) 

IIASA Il jrrarchy. 

Suppose that an IIlternatlOnal organizatlOn wants to pass a new international law. 

The COlll111lttCC membcr~ represent ditferent countries. To pass a new law, each committee 

I11cmber mu~t tirst get his country to acccpt it. The countries are broken down into two 

categories by thclr dlstnbutlon of power: demOCraCI\?S ênd dictatorshlps. The procedure by 
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which a new law is accepted IS dlfferent 10 each category of country. 

We want to send a message "Pass new law" to ail countnes represcntcd on the 

committee. The Contment mhentance hlerarchy IS shown III FIgure 1.1 bc1ow. 

Contment 

1 
Country 

/ ~~"""""'--' 
Democracy Dlctatorshlp 

method "Pass new law" method "Pa.,~ new law" 

FIgure 1.1 Continent inhentancc hlcrarchy. 

The mhentance hlcrarchy docs not provlde the capabllJty of ~endmg a mc~\age 10 

a group of related obJccts that do not nece~sanly bclong to the ~arnc cla~.,. II 1\ O!lVIOU\ th.lt 

the mheritancc hlerarchy cannol ~a!l~fy ail thc needs of Ih! lI~er 

To provlde the capaclly to delegalc mc<;\agl'\ downward. wc nccd a notIon 01 

collectIve cla~ses and a collectIon hlerarchy 

In our examplc. a collectire c/ass Commlttec wIll J...ccp a h ... t of the collntnc., 

represented on the commlttec. The collection hierarchy spccltic~ the cla\.,e~ of obll'ct\ fOlmo 

in the collectIve class In the FIgure 1.2 below, the Commlltee collectIon hlcr<irchy mdlCalc\ 

that the Ccmml.ttee collectIve class contaln~ ObJCCb of two cla\'~c~. Demo('racy and 

Dictatorshl.p. 

ComlTllttcc 

/ 
' 
\ , 

l ' 

/ 
/ 

Democracy Dlctator~h 1 P 

Figure 1.2 Commlttee collection hlerarchy. 

The collectton hlerarchy IS u.,cd to cmurc th al the method ~ent to the collectIve cla..,., 

can be mterpreted by each subobJect acconlIng to the cla.,') of that obJcct. In other word.,. 

the method appIJed to each subobJcct of the collccllve cla.,., ha~ the ImplementatIon dcflned 

for that object's class or for It~ ~upcrclasscs III the mhentance hlerarchy. 
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Pre,>e!ltly the RcllX dataoa,>\.: language doe~ not have an implcmentatlon of methods 

(functlon,> (Ir procedure,». In tlm the'>l\) W~ arc Ilot conccrned wlth the actualllllplementation 

of mcthod,>, whlch 1'> a tOplC for another thc~I~, ratlIer, wc a~')lIme that tlIe mcthod~ are 

al rcady avallable to the u,>cr. Wc propo~e the syntax of assoclatlllg a method wnh a c1ass. 

l'unetioll YalId_nulllbcrO on Employee 
{ if Empli < 3 thrll rcturn (Truc) 

d'lc retllm (Fahc) 

Herc the Illelhod Valld_number() IS applicable only to the class on which It IS defined 

(Employee) and to alllh ,>ubcl.l'>"C'\, namc1y Permanent and Temporary. It cannot be apphed 

10 Person 

Â Il IcI h()(! 1'> IIlvoJ...cd by actuallllng, III the operand relation, the vlrtual attribute to 

whlch th.1I 111\:tl1od wa,> a'>'>lgnl.xJ (YJrtllal attnblltcs arc dl,>cmscd III more dct,uls 111 Chapter 

2.) ln the exampk below, the functlOn vahd_number() I~ II1voked in the Employee 

relation. 

let va!Jdlty he ValId._llumber 0; 
n:.\ult ~ [Emp#, vahdnyJ in Employee; 

result (Emp',valLdLty) 
] True 
2 True 
3 false 

Â plllylllOllJltic met/lOti I~ a mcthod WhlCh has a dlffercnt Implementation for 

dl rferent cla,>"e,> of argul1lent~ The funct\on Vahd _ number ( ) can be written to va!Jdate both 

the I..'mploYL'1..' IlllIIlher and the ~tudent l1uJl1ber, whlch are posslbly of different types (one is 

IlWl1enc and the nther \.., dlphanul11enc). 

fUl1ctinl1 Y;:t1ld_llumber() 011 Studellt 

{ if the I,l..,! lctter of Stud# = Il Â Il or "H" then return (True) 

return (False) 

The ~ystel11 ~hotIld de!ermll1c which implcmentation of thls function to use when the function 

is apphed to a da..,s. 
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1.4.1 Thesis Outline 

Ali of the abo\e propo'l.lh are dl"cu~~ed 111 detall in the t)ody of t1lI'i tl1e-;l'I willdt I~ 

organlltxl IJIto ï ch . .lpter~ 

SectIon 1.5 of Chapter 1 rCVll'W~ the cOllllllerclally lI\ .ul.\hk ohll'd-onclltl'd 

programllllng language.., and datah.\ ... e ~y~tell1" \\ Ith the ~pl·l'I.II emph,I"'I'" 011 thell 

IInplcmcntatlOll of tnhent.Hll'C .\Ild l'olkdlon hlcr.lrc!lIl'''', polymolplmlll, .\Ild l·lll .. lp .... ulatloll 

Chaptcr :2 gl\C~ a gellèral overvlew of l~dl\ d.II.lh.l"c progralllllllllg 1.\Ilg11.lge 

devclopcd at I\kGIlI Ul1lVer..,Ity, ThIS e1l.1pter pre..,ent' ail of Ihe fe.lture.., of Rdl\ Wllldl 

are gOll1g to bc Lhed III the later l'hdpter~ 

Charter .3 explore... thl' corre"'poll(!ènL'C het\h~en e1.I\\l'''' III ollll'd onClIlL'd 

programmlllg lant!u.lgC"l and relation ... 111 relatlollal d.ltal,,,..,l' Ill.lll.lgellll·nt ... y ... klll'" (c!(I.\\'('.\) 

Thc rcpre..,clltatloll of Ohject /del/tity a .... 1Il altnhute of the rL'I.ltIlHl 1\ dl .... C\I\\l'd, '1 hl' Lh.lplL'l 

then IIltroducc ... the cfa\'.\' hierarchy .llld II<, rl'pre\CIlt.l lIOIl III rcl.lllol1.11 format '1 he 

rnechanl~m of attnbllte Inhent.tIll'C (/SA hierarchy) 1.., npllllled un Ihe l'x.lIl1Jlk.., 01 

.. tradltIOnal rdatlOnal operatlon\ III-.c prole.:tlon, \e!cc!loll, j011l .lIId llpd.lte 

Chapter -l )ugge ... t.., the <"yntax for the declaratlOn of 1II((llOd,\ that are appllcahk to 

the IImtted IllllllbL'r of cla ...... e.., It focu ... e ... OIl Illethod IIlhcnt.lI1cc al 110ng cld ... .,e ... of the ISA 

hlcrarchy, and on the ll'le of polymorpl11c lunclloIl'l and procedure., 

Chapter 5 I!1trodUCè\ the col1ectJ()nlllerarchy (IIASA lIiaarchy), 11\ dcclar.ltlol1, and 

applIcatIon, 

Charter 6 dCl1lomtrate<., how Rellx, enhanced wlth the h.\lture ... de..,cnbed III thl' 

prevlolls rhapter", can be lIsl'd to Imp1clllent a graphlc", edltor wnttcn 111 ObJcctlve· (' 'l'lm 

chapter compares the Implementation ln bolh language., on the na ... l ... of cl a".., Im:rarchy and 

~imple opcratwn" llkc crc~tIng and ..,c!cctll1g obJCCh, 1ll0VIIlg ... e1cLled ohIIX.I\, and 11Idlllg and 

showlI1g COll..,trall1t~. 

Chapter 7 conclllde~ our dl~clI<;"'lon wlth a ~umrnary of the mall1 re..,ult" and gIVC\ 

directlOm for further rc~earch. 
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1.S Oven'icw of Object-Oriented Programming Languages and Databases 

ln tlm ~~ctlon wc will I.:XélllllnC a numher of ohJect-on~nted programmmg languages 

(001)1) and dataha\c\ (OODBj Âl110ng the cOlllmcrclally avallah!c OOPL~ wc wlil dl~CllS~ 

SlIllula, Slllélllt,t1k I(J{)ld~J, Shaf91], Ellfel [kIIYO, Meyc88a, Meye88b], C + + [Stro86, 

Mu118Yj, Trl.:llI ... [Shalg61, and CLOS [Brac90, Moon89]. Among the OODBs we will 

dl"Cll"'~ OJ [DCllX90, Dellx91 J, ObJectStore [Lamb9!1. GemStone [Bret89, Butt91, CoMa84, 

PennX7J, ORION IB,U1C87, KlmBgSl and POSTGRES [Row~87, Ston86, Ston91J. 

Oh)cct-oncntcd databa<.,c\ ~lIpport the folluwlng fratures that are not present in 

ohlecl-oflented progr,lIl1llllllg langllagc~: 

• pcr\l\tcnt obICCt\, 

• ... cl1l'ma 1110(11 IÏcatlon \ (ch,lI1gc~ to the detïnltlOn of the behavlOur of a cla 'iS and changes 

to thc <;trllcttlrC of the cla., ... lattlcc); 

• Illl'thod" a,,\oclatcd wlth a l'la ...... , which can be apphcd to every obJect of a c1ass (\Nhereas 

ln OOPL\ a Illethod l'an bc appllt.xl only to one obJect); 

• cach obll'ct ha\ ,l unl411c, ncvcr-changlllg ID. 

Slmplc Illhentancc 1\ a ~tandard feature of ail OOPLs and OOOBs. Most of the 

~y\tcl1l'l tlI"clI\<;ed 111 thl\ ovcrvlew ~upport multiple inheritance in additIOn to simple 

Inhcnlanœ. 

A II \y~tel1l\ l1lentlOned above provide opportumtH:!S to devclop data aggrcgates. 

Sy\teill-defined l'olb:tlOI1 cla':l"'c~ Itke ~cts, bags, h~ls and arrays speclfy a number of 

prl'ddincd prol'cdurl.:\ on the collcctlon cla'i\c'i, ~uch as addmg a new clement, verifying the 

e\ I\tcnl'l' of an clemcnt, cl1ull1eratll1g clrments, and removlIlg an element. Composite 

ohled\ org.lI1l/c a cnlkctlOIl of rclatcd objects lOto ct hlerarchlcal structure which captures 

the IS-PART-OF rdatlomhip bctwcen an obJect and its parent. 
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1.5.1 Usillg Existillg Classes as nuildil1~ n10cks for Nt.'w Classt.'s 

New cla~..,c, 111 ObJl'd-nnl'ntl'o 1.1Ilgu,tgc.., ,tnd d,tt,lha'll'~ can hc l'fCatl'd hy IIlhcntlllg 

the propcrtlc", of l'XI~ting. l110rc gl'l1eral c1,w.,eo,;. and addll1g o,;omc propertll:~ \IK'ntic to the 

new clas'l, Thl~ I~ the pnnclpk of II1hl'fitanœ, 

The vanablc\ of the dl\,e\ l',m bl' of \Implc or .,trul'tllfeO d,lta type A IM.,ll· 

(~)Il1ple) data type 1\ a d.lt,l type \\!Jo'le \.duc\ .lrl~ rcgarded a\ l1ondeclllllpmahk. lll\l' IIltegl" 

or charactcr. A ~truLlllrcd (Lllillpmlte) data typc LOI1,I,t\ of l'Ompt l llel1t dCIlll'llh Wllldl aIl' 

reJated by SOI11C structure. EX.llllple~ are an arral' of II1tegl'r-.. , a \l't of ch,lr,ll'Il'rS, ami a 

structure whlch IIlclude'i an Il1tcgl'r and a charactcr. A da.,., ddïllilion l'an he vll'wed :1\ .1 

type declarallO!l 

The !lotion of cliellts and suppliers blll(b l'la,,\ van,lhk' 10 ,pcCltïc cla.,\e., ln blkl 

lMeyc8~al a da.,\ A 1\ ..,.lIl! 10 he tI c1,elll uf a l'Id), B. ànd B 1\ .t slIpplier of l'la,') A. 

whenevcr A contaln\ an cnllty ded,lratlon of the form C' B 

cJass PERSON l'l'ature 

f_llame, J_name: STRING: 

end -- cla~~ PERSON 

da~'\ BOOK l'pat un' 

tltle STRING; 

<lllthor: PERSON; 

l'IICI -- cIal,., BOOK 

In thl~ examp1c, BOOK 1<; a client of PERSON bccau.,c BOOK l'Onl<1ll1., the attnbule 

declaration: autl1t'r: PERSON, 

A c1a~~ mal' be It., own cllcnt, for cxamplc, an EMPLOYEE da,>" lllight he 01 the lorm 

c1ass EMPLOYEE feature 

dept: STRING: 

manager: EMPLOYEE; 

end -- cla'i~ EMPLOYEE 

The cltent-~upplJcr rclatlon~h)p CXl'')t~ III aIl OOPL.., '>Ince the )l1)tancc vanahle., can 

be of any type - simple (~tnng, Illteger, ctc ) or lI~cr def:ncd. 

Inhcntancc and the client relatlon .. hlp corrc~pond to dtlferent nccd... Inhentancc 
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• 

meanl, "11,", client mean~ "U\CI,". Inhcntance II, appropnatc If e'vcry Ill~tanc'~ of Amay also 

be vlewed a\ an In\tance of B The chent relation II, apprDpnatc when c\'cry \Il~tancc of A 

\Imply pm'le'l\c'l one or more atlnbute\ of B Cllent~ of A only .,ec A from It~ Interface; 

hence client) are proteetcd agaln\t future change,> 111 A's Implementation. \Vhen a c1a~s 

ll1hent\ from A It g,UI1\ aecc\\ to A'~ 1I1lpJcmentatlon, whlch glves that cla~s morc power, 

but no protection 

·\ 

1.5.2 Multiple Inheritance and Resolution of Ambiguities 

1\11 01 the 001>1.., and OOD!h revlt~wed here cxccpt C + + and ObJectStori:! support 

Illultlplc Inheflt.lncc of attnbutc\ and Illcthod., ln _,OIllC OOPL~ hke Smalltalk [Shaf91j and 

POSTGRES IRowe87J, Il the amblgLlltlcs ame bccause a c1a~s ll1hcnts the ~ame attnbllte 

nilmc from !l1l1ltlpk parent ... , cre.1I1011 of the ncw da')') IS reJcctcd 

Trelll'" ISh.tŒh] allow,> the \alllC name to bc dctïned III dlffercnt parents of a c1a~s, 

hut rcqulrc<; the prugr,lI11n1L'r 10 rl'\olve cxplIcltly the al11blgllItlc'l by prefixlllg the method 

or attnbute IWllC by tllL nanll' of the parent c1a\s l'rom whlch that mcthod or attflbute sholild 

he lIlhl'ntl:d. For cx,lI11pk. the Dlsplay operation 111 Bordered_Wlndow cla~~ tïrst calls the 

Display operatlllil III Wlndow cla'l~ and then draw~ a border arollnd the wlI1dow. 

upt'ration DI~rl.ly (me) 

/* lk,play an obJec! 111 thl'> wll1dow wlth a border arollnd it 

i~ 

I)('~ill 

WlIl(!OW'!)I'Ip!àY (me): 

Dl''lpla) _border (me), 

l'lId; 

/* lI')e WlIldow's Display 

/* dl~jJlay the border 

Thc me kCYWllJ(.1 JJldlcatc,> that the operatIOn i<; an Instance operation. The Invocation 

Wlndow' DUJplay can only occur JJ1 a ~llbclass of Window. 

ln Elftd [r-.1cye8Rdl namc cJa~hes may be rcmoved by introducll1g one or more 

rellallle ~lIhcl,lll"'C\ III the ;nhen't clall~c. For cxamplc, if both Employee and Student 

das~e~ ~Ol1t,lIl1 an dttnhll!e Narne and a functlon Cale_age, then a cJass Worbng_Student 
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may ~ttll IIlhcnt from both il" follo\\~ 

cla!'\~ \\'orkIIlL Stlldcnt 

inhrrit 

Employee 

rCnaJl1l' Namc a~ E_Name, l'ale_Lige li' [_l'.lle_,lge 

Stlldelll 

fl'atm'l' .. 

end 

Wllhm both Worklng_Stujent, the cllenh and \UhcJ.l"\e,, 01 WOt'klnt] ,Sludl>nt, Ihe N.IIl\() 

attnbllte from Employee wtll hl' rcferred 10 a~ E .. Name, and the one l'rom SLlIdenl il" Ndllll' 

Rcnallllilg Illa\..e~ Il pm'llhlc 10 rcfc:- 10 the 'lame katllre ulHkr dlfkrl'nt Il,IIllL''' III dllll'rl'Ilt 

c1asse~. 

ln ORION lKllllB88, Bandnl .ln c'pllell conllict n.''10lullOII 1\ IlIl'llrpor,llL'd III thl' 

dctïnition of the cla~., by a :metllOd!J clau"e 

(makc_c1a!'\, CI.l\\Il<lmc 

:!'Illpercla"l" LI "tOfSllpercla,,'1c~ 

:att ribuh." LI"tOfAttnbllte~ 

:mcthodll LI\IOft\1cthodSpcc) 

Hcre LlstOft-iethodSpec 1'; a Ii"t ot pair" (MethodName, Supet'cl,às<,) whl'rc ML·Lhudfl.HliI· 

IS tl.e name of il Illdhod 10 he Inhented l'rom the Superc l ans '1 hu\ the; rnQthfJrj COl1'1trtll 1 

allow~ the mcr to "pcClfy ~hlL'h mcthod" are ln he mhentl'd l'mm wlllch "Uperdd\'1e\ Il Ihe 

:methods comtruet 1'1 not 'pecllied, ail the melho(h arc lI1hentcd l'rom ail the \upercl.I\\c"" 

and connlct~ arc rC50lved on the ha\l\ of \upercla\\ ordenng 

If an lIl~tance vanable or a method wlth the \ame Il.lll1e appear ... III more th.1Il olle 

~uperc1a~~ of a cla\., C, the one chmen by Jcfalilt 1 ... that of the tir\t \uperCI,I\'" III the Il\t ot 

immedJate ~llpcrcla",\e"i of C', al., ~peclfied by the programmer, Sillet: tlll.., det,llIlt conlllLl 

resolution schema hlnges on the permutation of the \upercla ... \e\ of a Cld\", ORION allow.., 

the u~er to change expllcltly thl~ permutation at any tUlle, 
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C LO\ 1 Brac 901 rc"ol\. c" ln hen tance ,on tllct~ by defi 11l ng an order of precedence 

I,I;I!IC!l dctcrl\1I11L''' \\ 11Ich cla",,'" chdfaLlen~tlC~ dOll1lnatc. 

(<I('l'da"" )\'r"o!l () (name» 

(del'da,," (iradllate (Per"on) (<.h:grœ» 

(kfda .... /)(Ktor (Pcr<,on) (») 

(del'rI" .... RC"l .. lrlh I)Ol'lor (l)OctOI Gradllate) ()) 

The dl'{dll\\ W!l<,truct Illcillde" the na me of the Ilew clas~, a Itst of sllpcrclas~es, and 

a !t"t of Il'> lll<.,fance v,lfIabk" '1'0 avold Il1hL'nt~H1CC amhlgultlcs, CLOS hnearizes tht.' 

ance"tm gr.lph 01 LI cla\, ID producc an lllhcntancc IIst 111 whlch cach ance,tor occurs only 

OIlCl'. '1 hl' gr.lph 01 Rest.?arch- Doctor I~ Ilneanlcd to Research-Doctor, Doctor, 

(,raduall', !'t>îsnn 1 hlrlg Illll'.lrtlatIO!l, a CLOS multiple mhent,lIlce hlcrarchy I~ redurcd 

tn .t L'lllkl'lIOIl (lI Illhet If.lllCé li""" OIlL' fur e,lCh cl,I"'> l:ach lI'It L'an be IIltcrprctcd ll'ling 

\lll1pIL- Illhl'f1 1.1I1CL' (ï.l<'\l'\ appcan!lg l\lrllCr 111 th 1" Il 'Il <irc cOl1'lldercd morc ~pCCI fic than 

cl,\,>w<, .lppe.trlllg I.lter. and tlll' ch,lr.lctcn<,tlc~ of morc 'lpcClfic cla~~cs UOtmnate. 

1.5.3 I\ll'thnd O\'erriding and Accessing Superclass's Methods 

[n .1l1 the 1.1I1gllage~ mentloned l!1 Section 1 5, a sl1bcla~s may override the 

'>lIp~fda<,<,\ Illcthod<, hy pro\ Idlng" ll1fkrent llnplcmentatlOll for that method under the samc 

n<imc. [n C + + a ~llbda\" L'an provldc a new Implementation of a mcthod mhented from 

It ... \llpen:la ...... ollly If Ihat I11cthod wa~ ddïned III the ~l1perclas~ a~ VIRTUAL. 

ln Smallt.llh., C+ +. and Ob.lcctStore, the ~ubcla~~ may access the supercIass's 

11ll'thnd<, wlth IhL' h.c)'\\old .\uper C\'i:n If that I11cthod 1" redetïncd III the ~llbclass. In Trellls, 

thc 1111..'thod· ... nafl1l' <,hould he prerlx~d by thc na me of the ~l1percla~s, only the ~l1bc1asses can 

fl'ÏI.'n:nn.' the <., u perl' 1,1 <, ... " mcthod'i 

Sdf III Sm.llllal\... 1., ,l p\cudo-vanable refcrnng to the reccivcr of a message. Whcn 

.... IS ll~~d 111 il mctlwd, Il Illdlcatcs that the value of the next expression IS to be the value of 

the I11clhod. 

\\'h~n a ml'thod èonta1l1~ a I11c~~age who~e receiver is self, the search for the method 
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for that message begins 111 the in~tanœ's c1ass, n:gardle~s of whl~h c1a~'i ~ont.l1n, tlll' IlH:tllllt! 

contall11Jlg self. C'onsidcr an example. 

clas~ name: One 

sllperclass: ObJect 

mcthods 

tC5tt 

Al 

l'l'SUit 1 

Aself test 

c1ass name: T,"Hl 

supen:lass: One 

melhods 

test 

An m'Stance of each class will be lIsed 10 del11on'Strale the method detcrlll111alion lm 

messages to self, Examplel IS an lI1~tance of class One and example2 l, .111 1I1,lance of 

c1ass Two. 

example 1 - One new. 
example2 - Two new. 

ex prC'i~1011 

example 1 te.,t 
cxample 1 re,>ult 1 

rc.,ult 

example2 te.,t 2 
example2 rC'iult 1 2 

The pselldo-"anable self can be used to implclllcnt n,'ClIr"vc IUl1cllon.,. An 

example of the method Factor ial is given below: 

Factorial 

self = 0 Wfl'UC: [AI]. 

self < 0 ilTme: [self c .... or: 'Factonalll1valld') 

ifFabe: [Asl'If * (5tclf - 1 ) Factonal] 

The recelver I~ an IIlteger. The fmt expre~sion retllrl1S 1 If the reœlvcr 1., O. The ~econd 

expression notifies the U'icr of an crror if the sign of the rccclvcr is ncgatlvc. Othcrwl.,c, 

the value returned IS the recclver mllltlplicd by the factorial of one le.,.., than the rcœlver 

self'" (self - 1) Factorial 
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Super ln Smalltalk rcrer ... to the recelver of the me~~age, Just as self does. 

IfL'WCvCr, whcn a mco"o"agc 10" "'I..'nt to super, the scarch for a method doc,> not begin in the 

rccciver'~ da....... Imtead, thc ... carch for a method begtns in the superclass of the class 

contatrllng the Illethod. Th~ u..,c of 3uper allow~ a mcthod ta access methods defined in a 

\upercla..,.., cven If thmc mcthods have becn 0vcrnddcn Hl subclasses. Messages to super 

will he cxplall1cd U\1I1g two more example classes. 

cla'ù name: Thrcc 

"'lIpercla~ ... : Two 

mcthods 

tcst 

"'3 

rC~1I1t2 

A sel f resul t 1 

l'c~1I1t3 

""~lIpcr te ... t 

class name: Four 

superclass: Three 

methods 

test 

"4 

Wc will illllstrate the reslllts of sendmg the messages test, resultl, reslllt2 and result3 

10 IIlstanccs of clas'i'~s Three and Four. 

examplc3 - Thrce ncw. 
cxall1plc4 - rou r new. 

expression result 

example3 test 3 
example4 reslIlt 1 4 
example3 result2 3 
example4 reslIlt2 4 
example3 reslIlt3 2 
example4 result3 3 

ln EIITcI [Meyc88a], the sllpcrcld~~ 's method can be accessed by renaming that 

llll'ulOd 111 the curn.:nl c1ass. For example, 111 class Three we will rename the method test 

of cias~ Two 111 order to cnable access ta It. The predefincd entity name Current allows the 

rcfcrence to the c1a~s of the ClIrrent mstance. It IS similar ta self in Smalltalk. 
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c1ass Three 

inherit Two 

rename test as two test 

feature 

test: INTEGER is 

do Rcsult : = 3 

end; 

result2:INTEGER is 

do Result : = Currcnt.resultl 

end; 

resllIt3:INTEGER is 

do Result : = two test 

end; 

end -- c1ass TIHee 

1.5.4 Methods 

Methods call be assoclatcd wlth a "lpccIfic c1ass, in which ca~c thcy arc IIlhcnted hy 

all the subc1asses of that c1ass. This type of mcthods can only be u\cd Wltlt the obJcct'i of 

the classes on whlch these lllcthoc!s are dctined. Mcthod II1henlarv_e meam tllal the burldlllg 

blocks from whrch a class i.., constrllctcd may mclllcle hd1aVIOllr lJl the form of IlIcth()(h a\ 

weil as structure. 

In Elffcl [Mcye88aJ, attnbutcs and routines are grouped under the \ame category of 

!ealures. 

19 



t 

cla~~ POINT 

fl'ature 

x, y: REAL; 
~calc (factor: REAL) is 

-- Scalc by a ratio of f'3.ctor 

do 
JI : = factor * x; 

y : = factor * y; 
end; -- Scale 

distance (other:POINT): REAL is 
-- Distance from current point to other 

do 
RC~lIlt . - sqrt «x -other.x)A2 + (y - other.y)A2) 

end; -- distance 

('nd -- class FOINT 

The text of an Eiffel c1ass [Meye88a] always refers to a current instance of the class. 

Most of the tllne this current instance is anonymous: in a class, a feature narne which 

appear~ lInqllali tied denotes the corrcsponding feature of the current instance. 50 in c1ass 

POINT, the unquahfied fcature na me x (i.e. just x, not p.x for sorne p of type POINT) would 

denote the corn.~\pond1l1g fcature of the current instance. 

ln CLOS [Brac90, Moon89] each method speclties its own applicability condition, 

the mmt comll1on kll1d of whlch IS a test of whether the argument passed to that rnethod is 

a I11cmber of a parl1cular cla~s on which thls method is defined. Thus a11 instances of a cla~s 

have thc ~al11c bchavlOur, bccall'lc the saille rnethods are apphcable to each of them. 

(d('fel"" Pcr ... on 0 (namc» 

(d(ofuU'thod Display «self 'Pcr~on» 

(display ( .... Iot-value self 'nall1e») 

(dcfcla .... s Gradllate (Person) (degrce» 

(d('fnll'thod Display «self Graduate» 

(ca II-Ill" t -Illet hod) 

(di .... pla)' (slot-\'ahH: s('U' 'degree») 
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The argument hst of the dcfmethed c;..prc~slOn ddincs the cla~s on whll.:h th!.!' methoJ IS 

detined. Method combination is supported by call-next-method, \\ hll.:h pt1)''' the wk l)f 

super in Smalltalk. Call-next-methed provldes access to the ~el'l))1d mn~t \pcL'lIïL' I!lctlHld 

ln the IIlhcntance challl \VIth the same mc~sagc 'Iekctor. For l'xampk, \\ hen ,1 0 l sp Lly 

mes~age 1\ 'cnt tll d Graduate ~tlldellt \\hose I1al11e I~ A.Sll11th and who 1 ... dom!:', a Ph,D, 

degree, "A. Smith Ph.D." 15 dl~playl'd. 

POSTGRES rRowc87 ,Ston86,Ston91] system allows It~ methods to he wntten III 

languages like C or LISp, and 111 POSTQUEL qucry language. The former l11l'thods arc 

cali cd user-de/ïlled, and the latter are tcrmed POSTGRES mel/lOds 

A user-definetl met/lOti I~ dcfïned to the ~y~tem by 'pcclfylllg the nallle ... and typl'\ 

of the argulllent<;, the retufIl type, the language It 1'1 wntlcn ln, and where the OhJl'L't code 

IS storcd. For example, the de!ïll1tll)n 

dcfine procedure AgcInYears (date) n'tu .... 1I1t4 

is (language = "C", filellame = "CakulatcAge") 

declares a procedure AgelnYears whlch is wrrtten in C and who ... e obJect L'odc i., .,ton~d 111 

the filename "CalclllateAg~". Thl~ procedure take~ an argulllent of the type date and rcturIl'i 

an integer valuc. The argument and return type~ arc ~pecitïed u ... lIlg POSTGRES type\, such 

as character~, rntegcr~, de. When the p:-occdure IS callcd tWill a rdatlon, It 1 ... executcd 

once fc: each tuple of that relation, takmg the \pcclfied attnbute ... a ... Input argument .... 

POSTGRES store'l the mformatlon about a procedure lJ1 the \y\tcm cataloguc') and 

dynamlcally loads the object code when Il Iii callcd III a query. The followlllg qucry uses 

the AgeInYears procedure ~o retneve the name<; and age" of ail people' 

retrieve (P.Nalllc, Age = AgeInYcars (P BIrthd:h~» into Agclnfo 

l'rom P in Pcrson 

Con<;ider that the relation Person has two tuple): one for each Ann and Pete. Thc rc~uJt of 

the evaluatlon of the query above by Invoking a procedure AgelnYearB on cach tuple of 

Persen, will glve the relation Agelnfo. 

Persen (Name,Birthdate) 
Ann 55/01/20 
Pete 65/09/30 

Agelnfo (Name,Age) 
Ann 36 
Pete 26 
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U ... er-detir.ed procedun.~.., C€ln aho take tuple-vanable arguments. For example, the 

folJowlng cOlllllland ddïne~ a procedure, called Comp, whlch takes a tuple of the EMPLOYEE 

c1a..,s and compute) the elllployec'~ compensatIon accordlng to ~ome formula which involves 

~cvcral attnbute ... 10 the tuplc (c.g. the cl11ployec's ~tatus, job tltle, salary): 

ddine proccdlll'c Comp (EMPLOYEE) returns mt4-

i't (language = "C", filename = "Comp") 

Thc arguillent of cla~.., EMPLOYEE repre~ent~ a reference to a tuple in the EMPLOYEE relation. 

ThIs procedure I~ called 111 the followmg query: 

retrieve (E. Name, Compcn~ation = Comp(E» fl'om E in EMPLOYEE 

A data ~trllctllrc whlch contams the names, types, and values of the attributes in the tuples 

is pa'i~cd to the C function that IInplements this procedure. 

/'()STORES met/lOds are procedures stored in the attributes of POSTGRES relations. 

Thc systcm provldc) two klnds of procedure type-constfllctors: variable and parameterized. 

A val'iable procedure-type allows a diffcrcnt POSTQUEL procedure to be stored in each 

tuple, whlle pal'ametl'l'Ïzed pro(edlll'c-typcs store the same procedure in each tu pIe but with 

dlffcrent paramch.'rs. 

Wc Illustrate the U\C of a mtiable procedure-type by showmg how to determine the 

studcnt's maJor. SUppO'iC that a DEPARTMENT relation was defined with the following 

command: 

cl'('ate DEPARTMENT (Name = char[25],Chalr = char[25], ... ) 

A ~tlldcnt' s maJor(s) can thcn be represented by a procedure in the STUDENT relation that 

rctnevcs thc appropnate DEPARTMENT tuples(s). The attribute Majors would be declared as 

follows: 

fn'ate STUDENT ( ... , Majors=postquel, ... ) 

Data typc postquel rCpIC'iCnts a procedure-type. The value in Majors will be a query which 

fctches those tuples of the DEPARTMENT relation which represent the student's majors. Whcn 

th~lt query i~ cxcclItcd, Majors will store the tuples fetched by the query. Thus Student is 
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a nested relation. The following command appends a stlldent to the d.lt.lh.l~e whn ha~ a 

double major ln Math and C.Sc.: 

appcnd STUDENT (Name= "SI11Ith" .... M.ljors = 
"rctricvc (D.all) f."0111 D in DEPARTMENT 

where D.Namc == "Math" or D.Name = "(' Sc."") 

A query which rcfcrcnces the Majors attnbllte retllrns the stnng that contalll~ the po ... tqlld 

commando Two notations are provllicd that will exccute the qllcry <inti retufIl the re"'lIlt. 

rather than the stnng wlth the postqllc1 commando Flr"t. ne ... ted-dot notatlOll lI11phcltly 

executes the qllery: 

rctric\'c (S.Name, S.MaJors.Name) from S in STUDENT 

This pnnts a Ir~t of names and majors of stlldent~. The re')lIlt of the evaluatlOn of thc qllcry. 

stored rn Majors 1 I~ Implrcltly JOlllcd wlth the tuph.~ specIlïed by the relit of the target Il ... t 

In other worùs. If a ~tlldcnt has two maJor~, thl~ qucry will rcturn two tupleli wlth the Nalllc 

attributc rcpcatcd. The impl,clt JOln 11, performed to gllarantee that a relatIOn 1') rl'lumet! 

The second way ta exccllte the qllcry 1) to ll)C the execute cOIl1I1\al1d 

exccutc (S.Majors) from S in STUDENT whcl"c S.Name = "Smith" 

returns a relation which contall1s DEPARTMENT tllples for ail of SlllIth's majors. 

Parameîelized procedure-types are lIscd wh en the query to he I,tored 1I1 an atlnhlltc 

is nearly the same for cvery tuple. The query paramcter) can be ta ken from othcr attnbllte) 

in the tuple or they may he explicltly )pec!lïed. f'or examp\e. \lIppmc an attnbllte 111 

STUDENT rcprc~ents the student's currcnt cla~s 11"t. GIVCIl the detïnItlon for ENROLMENT), 

creatc ENROLMENT (Student = char[25],Cla5~ = charl25J) 

Bill's c1ass li~t can be rctneved by the query 

I·ct.-icve (ClassName = E.Class) fl'om E in ENROLMENT 

where E.Student = "Bill" 

ThiS query will be the saille for every student,exccpt for the constant that specifies the 
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\tudcnt'~ namc 

A parametcrJ/cd procedure-type can be defincd to rcpresent thlS query as follows: 

define type c1a~~c~ i~ 

end 

rctricvc (('la\\Name = E Cla~s) from E in ENROLMENT 

wh('I'C E.Sludent = $.Name 

The dol1ar-\lgn \ymbol ($) refers to the tuple in which the query is stored (i .c. the current 

tuple). The parameter for each 1Jl~tance of this type (i.e., a query) IS the Name attribute in 

the tuple III whlch the Instance IS ~tored, This type is thcn used in the create command, 

crt'atc STU DENT (Name = char[25J, ... , ClassList = classes) 

to dctlne an attnbute wlllch reprc~ent~ tl'c ~tlldent's current c1ass Iist. ThIs attribute can be 

u\cd in a qllcry to rcturn a lI\t of ~tlldents and the classes tbey are takmg: 

retl'Ïcvc (S.Namc, S.CIa,,~LI~t ClassName) 

Notice, that for a partlclllar STUDENT tupIe, the expression "$.Name" in the query refers to 

the namc of that ~tudent. The symbol "$" can be thought of as a tuple-variable which is 

bOllnd to the currcnt tuple. 

1.5.5 Collection Classes 

A collection groups rcIatcd obJects together, 500 that they can be referred to as a 

slI1glc entlty. The clemcnt\ of the collection can belong to di fferent classes. Collection 

c1as~es an: ,>y\tcm-ddïncd and ~lIpport fouf categones of mes~ages for accessing elements: 

1) addll1g I1C\V clements; 2) rl'll1ovlllg elements; 3) testmg occurrences of elements; and 4) 

cl1ulllcratll1g elcmcnts. Aho the SIle of the collectIOn can be dctermined. The enumeration 

mcssage~ arc u<,eflll whcn the same operation needs to be applted to aIl the elements of the 

collection For ell.amplc, Figure can Include such graphical objects as point and circle. To 

move cvery obJcct of the Figure by a certam distance, apply the maye method to every 

ohJcrt of the Figure. 
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The Smalltalk-80 syntax for this probkm is as follows: 

POint class namc: 
supcrclass: 
instance variable namcs: 
methods 

Graphlcal_ ObJCd~ 
x, y 

newx:xlnt y:ylnt 
/* To crcate an instance of a pom!, both x and y coordlllatcs arc SpcCI fied. */ 
x - xInt. 
y - yInt. 

moveHonz: hInt Vert: vint 
/* Both coordmates of the point are changcd by the corrcspondlllg amount. */ 
x - x + hInt. 
y - y + vInt. 

class nallle: 
superclass: 
instance variable nallles: 
methods 

Circle 
Graphical_ obJects 
center, radius 

newCenter: dPOlllt rad: Int 
1* Crcate an instance of a Cl-rcle c1ass. The center m~tance variable should he 

Ju~t hkc the mstance aPo~nt of the c1ass Point. */ 
center - aPomt copy. 
radiUS E- InL 

moveHoriz: hInt Vert: vInt 
/* When moving a circle, only its center needs to he moved.*/ 
center moveHoriz: hInt Vert: vInt. 

class name: 
superclass: 
instance variable names: 
methods 

new 

FIgure 
Object 
componcnts 

/* ThiS method makes the vanable compnnl'nts to be a Set. ""/ 
components - Set ne",. 

addComponent: anObJcct 
/* Add a new object of any class to the components sct. */ 
componcnts add: anObJcct. 

moveHoriz: hInt Vert: vInt 
/* Apply the method moveHor iz: Vert: to each clement of the componenta set. */ 
components do: f:each 1 each moveHonz: hInt Vcrt:vInt]. 
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1\ qüOIT,et.nci'lgure con\l\t~ of a pOint and a cl.rcle. Flrst, create cach graphicaJ abject, 

and tllen atld Il lo the )ct of C()l1lpOllcnt~ of the geometncF igure. 

pOint 1 ~ POInt newx:O y:O< 
pOlllt2 *- POll1t ncwx () y 10 
clrcle 1 *- Clrclc newCelltcr:polllt2 rad:3. 
gcomctncFlgure *- l'igure l1ew. 
gcomclncFlgure +- addC'omponcnt: pointl. 
gcomctric FIgure +- addC'omponcnt· CI rcle 1. 

If wc want to l1love the wholc geometncFlgure by a certalll di~tance, wc will apply the 

moveHorlZ: Vert.: I1lcthod 10 the geometrlcFigure. 

gcometncFlgurc movcHorl/:2 Ycrt:4. 

Collections can be thought of as hsts of obJects which can be stored III any of several 

forllls: ~ortec.J or un~orted, orc.Jcrcd or unordered, wlth or without duphcates. Sets and hsts 

arc sllhcla,,~e<; of the CollectIon da~\ and arc ~upportcd by such languages as Trellis, O2, 

Smalltalk, C+ +, ObJectSlorc. GcmStone and POSTGRES. 

ln SOIllC langllage~. hhe ObJcctStore, collections cannot store obJects of dlfferent 

types (classes). So the Figure examplc above cannot be lInplcmented in those languages. 

ln GcmStone, a class dctïnc'i the structure of ItS lI1stances, but rardy keeps track of 

ail those \I1stallccs. Instcad, collectIOn obJccts --Arrays, Bags, Sets-- serve to group those 

instances. Ân obJect may belong to more than one collection [Bret89]. 

1.5.6 Sending a Message to Ali the Subclasses of a Class 

In POSTGRES [Rowe87] a * after the c1ass name indicates that the query should be 

run over the class and aIl Its subclasses. For example, If we have the following hierarchy 

of classes. 

create EMP (nallle = cl2, salary = tloat, age = 1I1t) 
Cl'cate SALESl\ll\N (quota = tloat) inherits EMP 

thell, If wc ,\'anted the names of ail salesmen or employees over 40, the notation wou Id be: 

l'ch'icve (E.namc) fl'Olu E in EMP* where E.age > 40 
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1.5.7 Composite Objects 

A composite object IS a collectIon of relatl'd Instances Thcsc Installl't~~ fOrIn .\ 

hierarchlcal structure whlch captures the IS-PART-OF rclatIOnshlp between an obJc~'t and 

ilS parent. ORION [Banc8?} use~ the knowledge of composIte obJcct~ not on!y to cnfl.lrl'l' 

the semantlcs of compOSIte obJcct~ but al~o to c1uster phy~lcal1y the constItuent ob)Cl'h 01 

composite objects, so as to mlOlmllC the 110 cost of rctnevlng compo~ltc ObJl'ct ... 

A composIte obJcct ha'.> a SIngle root obJect, and the root refcrcnœ~ multIple d1I1drcn 

objects, each through an Instance vanable. Each chlld obJcct can In turn retcrcIlœ It ... 0\\ Il 

children obJects, agalll through IIlstance vanable~. A parent obJect e\c1u~lvely 0\\ m dllldn:n 

obJects, and as such the existence of childrm objects depends on tlze eX;Sll'nce of t"t'ir 

parent. ChIldren obJects of an obJect are thu!! depcndent oOJect'.> The m\t.IIlCC'.> that 

constitute a composIte obJect belong to classes III the mhcntance hlcrarchy Tlm hlcrarchtcal 

collectIon of classes IS callcd a composite object schema. 

Below we Illustratc a compmlte obJect schema for vehlc1c'.>. 

-----___ Name 

~-___ ----- Locatlon 

-- Divlsions 

Drlvetraln Engine 

(domain: AutoDrivetrain 1 ... TransmlSSlon 

The classes that are connected by bold Itnes form the compOSite obJcct schcma. The mol 

class is the class Vehlcle. Through In~tance varIables Body and DrivE:traln, Vehlcle 

instances are Imked to thclr dependcnt obJects, whlch belong to c1a\..,c'.> Autobodf and 

AutoDr~vetral.n. The das!! Vehlcle has another Instance variable called Manufacturer, 

but it IS not a IlI1k to a depcndent obJcct because Manufacturer 1\ not cxclu)lvcly owncd by 

the Veh.i.cle. The instances of AutoBody and AutoDnvetrain are connccted In turn tn other 

dependent obJects. A Vehlcle compo~lte obJect, then, 15. an In~tance of the c1a.,., Vehlcle, 

as weil as an Instance of AutoBody and AutoDnvetraln c1a\ .... cs. 
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l:.ach non-kaf cla~~ of a compmlte obJect ~chcma has one or more m~tance variables, 

callcd compo ... ite in ... tan('c variahlt.· ... , that serve as links to d,~pcndent classes In other 

wonh, a COtllpo)lte ohJcc.t 'Ichellla 1'> creatcd through composIte Instance van ables wlllch 

have dependcnt cla'l'>c'I a'l thclr clolllalll~. The hnk betwecn a cla)':) and the domam of a 

compmltr In,>l.tnce variable of thl! c1a)~ I~ a compo~ite link. For example, the Velude 

da)) hd'> a COl11po'llle Ilnk 10 the cla,>':) AutoBody through the IIlstance vanable Body. The 

In,>tance varlahle Body ha,> a) dOlllam the cla),> Autobody, and it has the composIte link 

property 

The obJect whlch :'i refercnccd through a composite IIlstancc variable IS a dependent 

obJect whO\e eXI5tence dcpcnd,> 0'1 the eXIstence of the referencing obJect. For example, the 

body of a vehlc\c 1) not only oWllcd by one spcclfic vchlcle, but It al~o cannot exist without 

the whlck. 'l'lm Illean,> that a depcndcnt obJect cannat be crcatcd if Its owncr does not 

alrcadyex,,>t 1\) )11\.:11, a compo,>ttc obJect mll~t be IIlstantIated in a top-down fashion: the 

mot oblcct of a compo,>J\c obJcct mu)t bl' crcatcd tir~t, thcn the obJccts at the ncxt level, and 

<'OOIl. Whcrl a COn\tltllcnt ohlect of a compo~ltc obJcct I~ deleted, ail Its dcpcndcnt objects 

mll~t al\o hl! dcletcd 

The COmpO'lltc l\l1k property of an lJl~tance vanablc of a class IS mherited by 

sllbcla~ .. cc.; of that cla~). For cxamplc, If the c1a~s Automob1.le IS a subclass of Vehicle, It 

II1flcn1'l thc Imtancc vanahle Body l'rom Vehlcle. Furthermore, bccause Body is a composite 

Itnk 111 thc Vetllcle dl ..... , It WIll aho be a Cl'mposlte 11Ilk III the Automob1.le class. 

1.5.8 Schema l\lodificatiol1 

A schl'nM IS de~cnbed by the set of class dcfinitlons connected by the superclass / 

"iubclac.;s rclatH)J1~hlp, I.C. It 1\ reprc)cntcd by the c1ass definitlOns and the structure of the 

da~s I.\ttll'C lllnScl)OI Schema change operatIOns fall II1to three categones [NgRi89]: 

1. changing l.'las\ dctÏl1Itlom, I.e , addmg and deletlllg instance vanables; 

~. addll1g and dclcting clas~es 111 the lattice; 

J. modlfylllg thc cla'is lattice by changing the relationship between classes. 
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In OOPLs schema modIficatIon IS not allowed, ~In~~ I.'l.\~ ... e~ are typ~s and thl') do 

not conta1l1 any obJe~b. 

Below we revlcw the <,emantlcs of the ~chema change ol'n.lllon \Il OR \{ >N 1 B,l1lcS71 

1 Changing das~ dl'finitiun. 

1.1 t\dd a new In\tanl'C varJjll~L~~lO (Lda).~J::. 

If V cal1'>c~ a name contllct \VIth an lIlhcntcd lI1 ... I,U1œ \an,tbk, V WIll llverndl' lite 

Il1hCnled one If the old In ... lance vanable W.t ... <kfllled Illl'.lIly 111 C. II 1\ rl'pl,tel'd hy 

the new detÏmtlon V 1'> Inhentcd by ail ~l1hd.l ... <;e ... of C. If thl're 1 ... ,\ n,lIne nllltlll'I 

in a subcla~s, Y IS not lllhcrited EXI,>tlllg lI1~t<ll1l'e<, or the c1,t ...... and ... uhd,I ... ,(· ... 

reCClVC the ll\cr-~pecltïed defalllt v,t111c, If there 1 ... Olle, or the 1111 V,dlll' 

1.2 Drop .'lll lIl,>tance varlahle V troll1 a da ...... C. 

V must have becn dctïncd \Tl the cla,>,> C; 11 1 ... not pO ...... lhk 10 drop ,\II Inhl'ntcd 

In~tance vanahle. V 1 ... droppcd frol1l C and ail Ih ... uhcla ...... c... Ir C or ,illY of II', 

sllbcla'i~c~ hac.; other ~lIpcrcla ... "c~ whlch havc an lI1\tanœ van,lhk of tlle ... alllc name 

as V, C lIlhcnt ... onc of tllO"'C In~tallce vanab1e .... In the ca ... e th,lt V 11I1I ... t he dloppcd 

l'rom C or any of Ils <;lIbcla,,~c~ wlthoui a rcpldccmellt, cXI ... tlng IlI'Itanl'c", Ime thclr 

value for V. 

2 Adding and rcmo\'ing cla~~c~. 

2.1 Add a new cla,,') C. 

If no supercla..,5cs arc ~pectficd for a newly-addcd cla<;", the mot cla ... .., OBJECT 1 ... 

the default '111perclas'l of the ncw cla".., If multiple ..,upercla..,..,e'l are "'pccllied, ail 

II1stancc vanable') and metho(h fwm ail ~llpercla..,,,e,, of C arc Inhentcd by C. 

2.2 Drop an eXI"tll1g cla..,,, C. 

Ali the subc1a..,')es of C become 1I11lllcdlate ~ubcla", ... e.., of the ..,upcrcla ...... e" of C The 

detinition of C IS droppcd, togethcr wlth ail Il.., tn~lancc". ff the cla ... ", C wa" the 

domal11 of an 1I1..,tance vanable VIOl' another c1a~s CI' YI 1'> a"''''lgned a Ilew dom<lll1, 

namely, the tir~1 ~L1percla..,s of Ihc dropprd c1a~~ C. 
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3 :\lodifying the cla..,.., lattin' 

3.1 Makc a cla ....... ~.L;.L~illlcrc1a ... .., ot a clal,s C. 

°1 he addItIon ot a ne\\' edge from S ta C must not mtrodllce a cycle ,n the c1ass 

lattlce (' and ,h ..,ubcla..,..,cs II1hent IIlstance variables and mcthods from S. 

3 2 R~!DiIVl: iLd~I\" \J.Billulle 'Il pcrcl.l~s IIst of a class C. 

The dcldlOIl of an l'dge l'rom S ta C mu~t Ilot cause the c1ass lattlce DAG ta become 

dl..,conncctcd. In the ca\e that S IS the only superclass of C, then C is made an 

Immediate \llbcla~~ of l'deh of S\ supcrclasses. Thus C does not Jose any instance 

vaTlahk.., or l1lL'thod.., that wcre mhcnted from the sllperclasses of S. C only loses 

tho\c 11l .. t.IllCC van,lhlc" and l1lethod~ that Weil' defined 111 S. Droppll1g of those 

v,\fI,thll''' 1) dl\Cll..,..,cd III 1.2. 

(iemStolle [Bret89] allows a c1ass ta be added as a leaf of the c1ass hierarchy. To 

add an II1tenor llode to the Illerarehy, the new class's name, ItS superclass, and lts immediate 

suhc1a..,..,c.., arc ... peelliet!. GcmStone's schema moddicatlOn semantics is very similar to that 

of ORION e\el'pt for thc tollowlIlg dlffcrcnces. 

1.2 Dro12 an m'tance \ anahlc V [rom a cla'is C. 

The Illodllïcatlon IS not propagated to subclasses of the modlfied class. The same 

efteL'l may be aehlewd by repealedly applying the operation to the modified class's 

subc1a'i'cs. 

2.1 A(hL!!. new ~la..,., ('. 

'1'0 add an IIltcnor node to the hlerarchy, the new c1ass's name, ilS superclass, and 

It'\ slIhcl,\.."es are spcelticd. The subclasses must currently be Immediate subclasses 

of the gl\'cn "'lIperclas\. The representation specitied by the new class will be the 

... alllc a:-. that spccltïcd hy the ~lIpcrcIass. No new vanables are introduced into the 

dalis and the constralllts on IIlherited vanables remam unchanged. Note that new 

1I1\tanœ vanablc'\ can be addcd subscqucntly. 
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2.2 ,9rop an eXlstlng l'laslI C. 

A class may Ilot bl.! rel11o\'t'd If It has any In~tallœ GcmStlllll.' ha" ,1 Ille" ... agc by 

whlch an obJect (,!Il cl!;\I1gc Il ... cla~s to a "'lIbc\a~s of Ih currl.'lH l'la ... ,,; thl\ 1l11..''' .... I~L' 

can be lIsed to remm c ail lll~tances of a glvcn c1,I.,S. The "'lIpal'l,I"" of ,111 1l\ ... !,\I1ù'~ 

of the rcmoved clalls I~ changed to the "'lIpen:la<;s of the rL'lllo\'cd c1a ..... 

In O2 [Deux91] the schema (1c~lgncr is not forccd to follow any ordcr \\hl..'l1 cn:allllg 

classes. Therefore. cla~ ... es can be 1ll01l1entanly I11completdy spccltïcd. For 1l1 .. lallœ, a da ...... 

C can be detined \\'Ith an attnbute of clas" C', wl1l(:h 1<; Ilot detïllL'd But IIl .. t,IllCL'''' of th,1t 

c1ass cannol be creakd llnles~ lhe cla .. s dctillliion IS wdl dcrllll.'d. IkktlOI1 or li 1.\,1:-'''' Wllldl 

IS not a Icaf l\l the IIlllcntance l1\crarchy I~ forlmlden. A cla ..... 1<; dck!cd only Il .1) It h,l" 110 

lIl~tance~, and b) no other cla~"c~ arc dependent 011 Jt throllgh compll"ltlOn or "IK'elall/,lllOn 

Every tlme a class IS delcted, ail the mcthod~ a ... ~ocIated wlth It are II1valtdall.'d, 

1.5.9 Persistent Objects and Object Identity 

In ail the OOPL" ObjeCI~ are not persi~lent They arc rcferenccd by a pOll1ter. 

In the OODBs Ilkc O2• ObjcctStore and GcmSlonc thcre are two type~ of obJCCI'" 

persistent a'ld tran~lellt. By ddault, ail the object" are trall\lent lIn!e\<; llll!y arc llI.lde 

persIstent ~OmL'tlllle after their creatIon and bdore the end of the eXL'CutlOll 01 thl' program 

Persl\tent ob)ect\ arc a~slgned a name whlch become) thclr obJl'ct Idcntlty In POS,/,(iIH:S 

[Rowe87, Slon91]. each lIl<,tancc of a cla~s ha\ a unIque (nevcl changlllg) ,>y ... IL'111 -defil1ed 

IdentIner (OID), thus makl\1g ail the objects per~l~tent. The OID can bc accc)'>l'd, hut no! 

updated by the user. 
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1.5.10 Illheritallce of Features, Private and Public Options 

ln C + + and 02 all the attnblltcs and methods by default are private, and are only 

accc~slblc to thc Illcthods detined in the dec1aration of that c1ass. In~, features explicitly 

dcc1arcd puhlic arc mhcritcd. On the other hand, in Simula and Trellis aIl the features are 

mhentabIc hy ddalllt, llllle~\ lhey arc cxplicitly defined as hiddetl or plivate respectively. 

In Smalltalk, Eiffel and POSTGRES, ail of the featllres of the superclass are inherited by the 

')ubc1as'). In EJtTc1, fcatllre~ and 111cthods listed in the export c1au~e are available to the 

cllcnt~ of t111~ cla\~. lnhcntcd fcatme') can be exported too. 

ln l'relli') and in C + + subtype-~Iisible methods are inheritcd and can be redefined, 

but arc not vI\lble ollt~ldc the deflll1llg type and Ils subtypes. This type of methods is not 

as restrictive ail pnvatc but 11(\1 a~ gcncral as pubhc. 

ln C + +, a clas~ may name other classes to be 1 ts ftiends; this allows access to the 

pnvatc I11clllbcr<; of the c1ass by the rncthods of these friend classes. 
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Chapter 2 

Relix Overview 

Relix, Relational d.ltabase on Unix, is a database languagc dcvclopcd 111 the Aldat 

project. The Aldat project rMerr77] explores extensions éliid apphcatlOn~ of the rc1ational 

algebra. The cxten~lOn') have evolved throllgh a cardul cmplflcal pTOœ"" of dewloplIlg 

applications of the eXII.,tlllg forl1lall~m. Extcn~lOn bas bœn donc only whcrc nCl'C"".lry, and 

only If the extensIon lib mto a ~Imple conceptllal framcwor\... The ha"l" of Aldat 1" 
descnbed 111 [Mcrr84]. 'l'lm chaptcr olltlllle~ the ~ubsct of Rellx that I~ lI'icd 111 tlm thc'm. 

2.1 Domains and Relations 

An attribllte of the rclallon 15> a5>~oclatcd with a set of value') callcd a domain. Rcllx 

supports the followlIlg domain typc~: 

intg - an JI1teger type 

real - a real type 

strg - a variable length character string 

bool - boolean type 

stmt - cxcclItable <,tatemcnt 

Before an attnbute can be uscd in the declaratlon of a relation, it should be dcclared 

to be of one of the above types. Let us declare ~everal attnblltes. 

domain Age intg; 

domain Name strg; 

domain Occup stt'g; 
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• 

A relatIon can be crcated III ~cveral ways . 

• ft can bc a~\igncd the value of a file locatcd 10 the secondary storage, using the relation 

dec1aration ~yntax, 

relation Pcr~()n (Name, Age, Occup) E-- "P"; 

The newly-crcated relatIon Persan may havc these tuples: 

Persan (Name, Age, Occup ) 
Ann 25 Employee 
Pete 31 Student 
Kate 26 Student 
John 27 Employee 
Jake 21 Student 

• ft can bc a~signcd the value that IS a result of a relational algebra operation on existing 

rclatloll'l. The expre'i\ion R E-- T replaces the contents of the relation R with the contents 

of the relation T If relatIOn R has already eXlsted, and creates R being Identical to T if 

relatIon R (bd not eXI)t hcfOle thls operation. In both cases R is assigned the sarnc 

attnbutcs a~ T. 

The exprc'i~lon R < + T appends the tuples of T to R if both relations are detlned on the 

~ame attnhutcs. OthcrwI~c an crror occurs. 

Exalllpic 2-1. C()n~lder four relatIons and two assignment statements: 

Infa 
(Name, Age) 
Jack 30 

Sales 
(Oept, 
Toy 
OeE 

Cs202 
Sale) (Name, 
200 Pete 
150 Vera 

Final 
Mark) (Name, Mark) 

80 Pete 75 
70 Vera 70 

Nick 60 

Info .... Sales; Cs202 <+- Final; 

Tht! r~"'lIlts 01 each <t!otsignm\!nt are shown helow. 

• 

Info (Dept, Sale) 
Toy 200 
DeE 150 

Cs202 (Name, Mark) 
Pete BO 
Vera 70 
Pete 75 
Nick 60 

Thrrc are two types of relations in Relix: system- and user-defined. Above we 

discussed the u!o.cr-defincd relatIons Persan, Info, Sales, etc. These two types of 

relations arc ca,lly dlstlllglllshable by thelr name. The names of system-detined relations as 

wl'II as thclr domalllll III prctïxed wlth the dot (.), while lIser-detined relatIon names are not. 

The mo~t Important )y~tem relatIon lIsed in this thcsis IS .rd (.rel_name,.dom_name), 
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which contains illformatlOn about the structure ot each relatIOn \Il thl' Sy<,tl'Ill. Th.1l 1<', fOI 

every relation .rd hsts the domalll~ on WhlCh that relatIon 15 dl'f\l1ed. For e\.ampk, 1I:1.\tlll\\ 

Info in the Example 2-1 is rcprc~cntcd 111 the. rd ~y'itCI11 rclatllll\ b) t\\ II tupk"l . 

. rd (. rel name, 
Iofo 
Info 

.dom !lame) 
Oept 
Sale 

2.2 Projection and Selection Operations 

Projcction is a vcrtical operatioll on a relatIon whlch ~PCl'llll'''I .\ ~Ub\l·t 01 thl' 

attributes of a relation. Note: the re<;ultJl1g relatIon IS delÏned on the plOlcL'led altnbutl's and 

contains no duphcate tuples. To fine! ail thc occupatIon ... of the people 111 the l'el \(lll rdatl(lJl, 

project Persan onto ItS attnbutc Ol cup. 

Occupations ~ fOceup] in Person; 

Occupatkons (Occup ) 
Employee 
Student 

Note: the relation Persan ha~ tïve tllples and the relation Occupatl.ons h.l\ only two tllplL'~ 

This is because the values "Employee" and "Studcnt" appcar two and Ihrœ 1IIIIl· .... , 

respectlvely, in the attribute OCCup of Persan. 

Selection IS a horizontal operation whl\,;h cxtracls a ~uh .... el 01 relat)()I\''l luple .... 111 

which every tuple satlsnes a given cnterion. Wc can I\olalc ail the elllploycd people Illlo 

a relation Work.l.ng_People by selectll1g corrc~pondll\g tuple) from Pen30n. 

Workll1gyeople E-- whcr'c OCClIp = U[mploycc" in P~r\on; 

Working_people (Name, Age, Occup ) 
Ann 25 Employee 
John 27 Employ~~ 

Rehx allows the project dnd select operallOn~ to bc comhlllcd III a \Ingle T-Sclector 

expression. For II1stance, wc can tind the namc~ of people who arc ulldcr 30 ycar'l 01 age 

Under_30 E-- [Name] whcJ'c Age < 30 in Pcr~on; 

Under 30 (Name) 
Ann 
Kate 
John 
Jake 
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2.3 Join 

A<:. relatIon" arc the gcneralizations of sets, Relix has relational operators which are 

gencrahzatlon.., of the ~et operators. The set-valued set operations such as union, 

mtcr\cction, tllffcrcncc, etc. belong to the c1ass of JA.-Joins. The logic-valued set operations 

~llch as Inclul,lon, cmpty mter':tectlOll, etc are extendcd to the class of a-joins. Only those 

JOln operations that arc used 111 this thesis are discussed in detail below. 

2.3.1 l'-joins 

The lIatun11 join (ijoill) IS the 1110st cornrnon rnember of the wjoin family. The two 

opci"and rdatlon.., are jOlncd on the col11mon attribute and only the tuples that have the sarne 

valuc of that attnbute III buth relations are wntten into the resulting relation. 

Example 2-2 Glvcn two relatIOns, 

Stud info (Name, Course,examl,exam2) 
Pete CS202 70 60 
Kate Math251 80 70 
Jake Phys420 90 60 

Persan (Name, 
Ann 
Pete 
Kate 
John 
Jake 

Age, Occup ) 
25 Employee 
31 Student 
26 Student 
27 Employee 
21 Student 

the natural JOIl1 of the"c relatIOns associates tupi es of Persan with those tuples of 

Stud in fa that have the saille value of Name. 

• 

Studcnts E- Pcrson ÎjoÎn StlldJnfo; 

Students (Name, Age, Occup, 
Pete 31 Student 
Kate 26 Student 
Jake 21 Student 

Course, 
Cs202 
Math251 
Phys420 

examl,exam2) 
70 60 
80 70 
60 10 

The attriblltcs partlclpating in the join (in this exaplple, Name) are called the join 

attrihuh's. and may be ~pccJtied Il1lplIcltly or explicltly. If the join attributes are not 

spcciticd. then we have Iwo ca~e~' a) If the two relations share sorne commOl1 attributes, 

tht'Il the .10111 1\ l'olllpuled 011 those commonly named attriblltes (see Example 2-2 above); 

h) If relatIOn" do Ilot h.lve any cOllllllon atlnbutes, th en the natllral Jom computes a cartesian 

pwduct of th()~c rclatlOll~. 
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Example 2-3. Expllclt specltication of join atlributes. 

Given two relations, Income_by_cl.ty, 

Income_by_cl.ty (Clty, Status, income) 
Montreal employee 35 
Montreal owner 50 
Toronto employee 40 
Toronto owner 60 

and Person (Exalllple 2-2). FlI1d the 'ialary that the worklllg people can expect in the 

cities mcntiollcd 111 the Income_by_city relation. 

Per~onal_incomes .- Person [Occup ijoÎn Statm] Income_by_clty; 

Personal incomes (Narne, Age, Occup, C.Lty, l.ncome) 
Ann 25 employae Montreal 3~ 

Ann 25 employee Toronto 40 
John 27 employee Montreal 35 
John 27 employee Toronto 40 

• 
The union join (lIjOÎIl) corrc~ponds to the .;,et union. In general, the union JOII1 

consists of thrcc disjoint sets of tuples: the center, the left WlIlg, and the nght wlIlg. For 

the given operand rdatlons, R(X,Y) and S(Y,Z), thc'ie three ,>ch of tuple,> an..' each delïncd 

on the attnbute~ X, Y J. The cellIer IS the IJOIIl of the relation,> R al1d S The tcft will): 

con~ists of a1l the tuples l'rom R that match no tupk from S, augllll'nkd hy the mil 1 value 

in the attnbute Z. The ligltt wing, conver~ely, cOI1~I,>h of clll the tuple,> frolll S that match 

no tuple from R, <lugl11cnted by nul! values 111 the attnbute X IMerrH41. 

Example 2-4. Givcn two rclatlons, 

Staff (Name,Emp#,Posltlon) 
Pete 123 Professor 
Ann 345 Secretary 
Jake 567 Janltor 

Alumnae (Name,Ma)or,Grdd year) 
Pete C.Sc. 1980 
Kate psyc 1982 
John Chem 1988 

tind the complete 1I1formatlon about ail the attendant'. of the ulllvcr'>lty rClinlOn, bott! 

the staff and the alul1lnac. 

• 

Attcndant~ +- Staff ujoin Alulllnae; 

Attendants (Name, Emp#, 
Pete 123 
Ann 345 
Jake 567 
Kate NULL 
John NULL 

Posltion, 
Professor 
Secretary 
Janltor 

NULL 
NULL 

37 

MaJor, 
e.sc. 
NULL 
NULL 
Psyc 
Chern 

Grad year) 
1980 ) center 
NULL 1eft wlng 
N1JLL 

1982 rlght wlng 
1988 



l 

The diffcrcncc join (djoill) corresponds to the set dlfference. In general, difference 

J0ln con'il~b of nght wmg tuplc'i (~cc the definition above). 

The Icft join (/join) COn\lsts of the center and the left wing tuple~ 

Examplc 2 5. Diffcrence jOIn. 

Comidcr the relations in Example 2-4. Fmd aU the employees who are not alumna"!. 

Not_alul11nac ~ Staff djoin Alumnae; 

Not alumnae (Name, Empl, Position) 
Ann 345 Secre~ary 

Jake 567 Janitor 

• 
Examplc 2-6. Lrft J0lO. 

COIl~ldcr the relations in Example 2-4. Find the educational background of the 

untwr~lty cll1ployces. 

• 

Edllcatloll __ of_Staff E-- Staff Ijoin Alumnae; 

Educat10n of Staff (Name, Emp#,Position, 
Pete 123 Professor 
Ann 345 Secretary 
Jake 567 Jan1tor 

"32 .. , ..... U-JOIilS 

Major,Grad year) 
C.Sc. 1980 
NULL NULL 
NULL NULL 

A fcature com1l10n ta ail a-joins is that the join attnbutes are exclllded from the 

rcsuItlOg relation. 

The natllral composition (icomp) IS slITIllar to the natural join operation. It extracts 

the tllplc~ whmc JOIn attnbllte~' values are Identical ln both relatIons. 

EX<lmple :'-7. Natllral compO~ltlon. 

C'oll'>lder the relatIOns III Example 2-4. Flnd the employees who are alumnae. 

• 

AllImnar_Staff E-- Staff icomp Alumnae; 

Alumnae Staff (Emp#,Pos1tion, Major,Grad year) 
123 Professor C.Sc. 1980 
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2.4 Update 

There are threc types of updatc operatIons on rl'Iations: add ncw tuplcli. dckte tuplcs. 

and change attnbute values of sorne tuples. 

Ta add the tuplcs in S to the relation R. wc write 

updatc R add S; 

Ta delete the tuples that are both in S and in R from R. wc write 

update R dclcte S; 

Ta '1ct' tlle rc)ult) of tlle cxccutlon of the update operatIOns dc~cnbcd III thls section. 

consider the tollowHlg cxalllpks relations. 

Dept sa les 
(Dept month 
Toys Apr~l 

VLdeo May 
Stereo May 
MansWear April 

sales) 
200 
500 
400 
350 

Org sales 
(Dept 
Toye 
Vl.deo 
Hardware 
MansWear 

month 
Aprl.l 
April 
May 
Aprl.l 

sales) 
250 
450 
250 
350 

In the following ex amples assulllC that Dept_sales COl1talll~ the above valllc) cvcry 

time we enter a ne\\! commando New tuplcs are lI1arkcd ln bold. 

Example 2-8. Add clall~e 'n the Update statemcnl. 

updatc Dept_sales add Org_~alcs; 

Result: Dept sales (Dept month sales) -
Toys Apnl 200 
Video May 500 
Stereo May 400 
MansWear Apr.l .150 
Toys April 250 
Vl.deo April 450 
Hardwear May 250 • 

Example 2-9. De/ete clause 111 the Updatc statclllcnt. 

update Dept_~alcs drlctc Org_~ale~. 

Result: Dept_sales (Dept month sales) 
Toys Aprl.l 200 
Video May 500 
Stereo May 400 • 
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Changmg a relation involves modlfying values of the specified attributes in selected 

tuples. The general ~yntax of thl~ operation is 

updatc R change attrl - vall {,attr2 ... vaI2, ... } {using rel_expr}; 

where f} Jndlcate~ optional syntax. 

The ~yntax of the update command has two clauses: the change clause specifies aIl 

the modi fïcatl()n~ to the altributes, while the using clause specifies the selection criteria for 

the tllples to whlch the modifications are to be applied. In the absence of the using clause 

the l1l0dlticatlOIl\ are app1ied to al! the tupI es of the relation being llpdated. 

The tllple~ to hl' updated are selected by jommg the relation resulting from the 

cvaluatlon of the rclat ional exprc~~lon Hl the llsÙlg clause with the relation l.>emg updated. 

Examplc 2-10. Updale statcment wlth change clause. 

updatc Dept ~ale~ change sales - 300; 

SlIlce the lIsillg clause IS not ~pecltied, every tuple in the Dept_sales is changed. 

Result: Dept_ sales (Dept manth sales) 
Toys April 300 
Vl.deo May 300 
Stereo May 300 
MansWear April 300 

• 
Example 2-11. Updale statement with change clause and a relational expression in the 

usillg c1all~e. 

updatr Dcpt_ ~alc~ change lllonth ... "April" using 

([Dept] where month = "April" in Org_sales); 

Only tho.,c tllplc~ of Dept_salee whose Dept is hsted in the Org_sales for the month 

of Apnl arc updatcd. 

Re~ult: Dept sales (Dept manth sales) --
Taye April 200 
Video April 500 
MansWear April 350 
Stereo May 400 

• 
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2.5 Domain Aigebra 

The domain algebra defines vÏl1uai attrihutes whlch ll1.1y he :lctuall\l'd whl'Il Ill'l'lkd 

When utilized to its full potential, the domain algcbra provldc:s 1',1\:111 tJl'~ ~lIl'h a ... ,\fi th Illl'tll'. 

totalling, ordcnng, etc. A thorough d~sl'nptlon of the domalll ,tlgd)f,t Ill.ty IK' Illlllld III 

[Merr84]. 

2.5.1 Scalar Operations 

The simplest operation of the domain algcbra generatcs the value 111 a lUpll' for thc 

virtual attribute only in terms of the values in the samc tuple of the oper.lnd attnblltl'.... l'lm 

operatIOn works along a tuple and is ~ometll11eS rcfclflxl to a .... li hori/"olltal Opl'l"atÎClII Wc 

define a scalar virtual attnbute as follow~: 

let GPA be 4; ~ detïnc a constant attnbutc ~ 

let seqn 1 he scqn; ~ renamc an attnhlltc ~ 

let tïnal_ mark be (exam 1 + exam2)/2; 

let passed he if tinal_mark > 55 then truc 

else l'aise; 

It IS implicit from the above cxamplcs that virtllal attnhulcli can be dl.'flllcd ln Il'r1m 

of each other, for examjJle, passed dcpcnds on the final_mark, whlch 1\ III 11ifIl (klÎl1cd III 

terms of other attributcs. 

Vlrtual attributes are Ilot a~soclated wlth any relation 11l1td they arc aclllall\l:u, l'IIIlCI 

by a projectIon or a selectIOn. For example. cxpre)~lon 

Stud_record ~ [Name,examl ,exam2,linal_mark.GPA] in Stud_lIlfo; 

will create the relatIon 

Stud record (Name,examl,exam2,fLnal mark,passed,GPA) 
Pete 70 60 65 Truc 4 
Kate 80 70 75 Truc 4 
Jake 60 10 40 False 4 
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The honlOntal opcrator can be of various types. 

• mathcmatlcal opcrator, ~uch a~ +, -, *, l, mod, **, abs 

• tngonomdnc flll1ctlOn, 'iuch as cos, sin, tan, log, etc. 

• logi,-'al opcrator, IIkc <, < =, >, > =, = - = 

• condltlOnal aV:.Ignmcnl if .. tlzetl .. else •• 

• concatcnatlon of attrIbllte~ and scalars by a cat operator. 

A gond IIlmtratlon of the functlOnahty of the cat operator is the task of combining 

the tirst and the la ... t name ficld~ together to obtain a fulI name. 

Examplc 2-12. Cal opcrator. 

CompO\e the full_ndme by concatenating the title "Dr. Il wah the fist name (f_name) 

and la'l' namc (l_name). When the virtual attribute full_name defined below 

lel full_nanw be "Dr. " cat f _ name cat " " cat I_name; 

1'1 actllall~lxl III the relation Professor, Il hJ~ tht!~t! vaIUè~: 

• 

Professors (1 name,f name,dept) 
Peter Smith Chem 
Mike Wong Phys 

2.5.2 Reduction 

full name 
Dr. Peter Smith 
Dr. Mike Wang 

The rcductlon operations combine values from more than one tuple in a relation. 

They are ~Ol1lctlmc~ rclàrcd to as the vel1ical operations. 

The !\impll> "l'dm'lion prodllces a smgle result from the values of a single attribute 

of ail tuple ... of an operand relation. 

b.ample 2- U. Red operator. 

Find the l1ull1her of tuple~ in the Stud infa relation. 

let no _ ~t udellts hl' l'cd + of 1; 

FlIltl th~ average fl.nd 1_ mark of the students. 

kt AYG hl' ( .. rd + of tinal_mark) / no_students; 
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When these virtllal attriblltes are actuali~ed by the exprc~~ion 

Stuttrecl - [Namc,tïnal_mark,no_students,AYG] in StudJcrord; 

the resultmg relatIOn looks like thls: 

Stud recl (Name,flnal mark,no students,AVG) 
Pete 65 - 3 60 
Kate 75 3 60 
Jake 40 3 60 

• 
The cquivalcncc l'eduetion IS Itke simple reduction, but produccs a dt/ferellt rl'~lllt 

for different sets of tuples In the relation. Each ~ct IS charactcrlfcd by al\ the tuple~ havlllg 

the same value in some specltïed attnbute -- an "cql\1valenCl' c1ass" \Il mathcmallcal 

termmology. Subtotalltng is an cxample. 

Example 2- 14. Eqlli~' opcrator. 

Count how many stlldcnt~ have pa~~cd thelr COl1r~c') and how 111 ail y have fatled. 

let pa'is_fall_grollp he equiv + of 1 hy pa'iscd; 

stud_rcc2 - [Namc,tïnal_grade,pa'l~cd,pa~~_faIU!,roupl in Stlld_rccord; 

Stud rec2 (Name,flnal grade,passed,pass fall group) 
Pete 6~ True -2-
Kate 75 True 2 
Jak~ 40 False 1 

• 
Only commutatIve and a'i'iociative opcrators, hkc +, li' and, m., ma,. min, arc 

permltted in'mie the rcdllCtIOIl cxpre~~lon. 

2.5.3 FUllctional l\1Hpping 

The ~ccond type of the "verlIcal" domain algchra opcratlOIl'i Iflvolvc'l an operanu 

attnbute and a controlling altrtbutc. ln thls ca~e. the controlllng attnhlltc 'Iervc'l to 'Ilx~clfy 

an order 111 wl1lch the tup!es are to be proce'l~cd. The two klm!'l of fllnctltHlal mappIrlg an: 

be~t presented through cxample~. 
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Simple fUllctional mapping 15 illustrated by cumulative total. 

Examplc 2-15. Fun operator. 

Fmd the YTD II1come. 

let YTD IIlcome be fun + of saJary order month; 

Bclow we ..,how the YTD incarne vlrtual attnbute actualised 111 the relation Incorne. 

Incarne (rnonth, salary) 
1 250 
2 260 
3 260 • 

YTD incarne 
iso 
510 
770 

For a funcllOnal mapp1l1g to be properly defined, the operand attribute (for example, 

salat y) Inu..,t be fUllctlonally dependent on the controlling attnbute (for exarnple, rnonth). 

The re~ultll1g vlflual allnbute IS also functlOnally depcndcnt on the controlhng attribute. 

Paa1ial funrtional mapping extends sImple functional mapping in the same way that 

cqlllvalcnœ rl'duellOn extends sImple reduction. 

Examplc 2-16. Par opcrator. 

Find the cumulative sale~ 111 each department by the month. 

let dcpt_cllm_~alc be par' + of sales order month by dept; 

The vlrtual attnbute dept_curn_sal e is actuahsed in the relatIon Dept_sales below. 

Dept_sales (Dept manth sales) dept_curn_sale 
Tays Apnl 200 200 
Tays May 250 450 
Tays June 240 690 
V~dea April 500 500 
V~dea May 670 1170 • 

The pcn11ltled operators for the fUl1ctional and partial functlOllal mapping operations 

arc +, -, *, /, **. mod, prcd. succ, &, and 1. 
Of particular lI1tcrc~t to us are the prcdecessor (pre{/) and Sllccessor (suce) operators. 

The pred (SlICC) opcrator glvc~ the prcdccessor (succcssor) in the order indlcated by the 

attnbutc of the on/el' clame. 
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Example 2-17. Par pred of and par suee of operators. 

For each month calculate tl1e change in profit over the pre\'1011s month'~ profit and the 

subsequcnt growth. 

let last_sale be par prcd of sa\cs Of"dl'r nUI11_month by Dep!; 

let next_sa!e be par suce of sales ordcl' nUIl1_Inonth by Dept; 

The~e vlrtual attnbutcs arc actuah~cd in the relatIon Dept _sah~9 a'i follows. 

Dept sales (Dept,num_lllonth,sales) last sale next sale - iifo iso Toys 4 200 
Toys 5 250 200 240 
Toys 6 240 250 200 
Video 4 500 600 670 
Video 5 670 500 600 
Video 6 600 670 500 

This example demonstrates the cyclic nature of the suce and pred operators . 

• 
2.6 Recursion 

RecursJon is one of the most powcrful techniqucs dlscovcred III computcr sClcncc. 

A recursive routll1c l~ one whlch calls Itse!f or in ,>ome way rcfer'i 10 Il.,c1f. Thu,> a 

recursive relation I~ clctïncd JI) terms of It~clf. The ~ynlax for dctïnlllg a rccurslve n:!atIon 

is as follows: 

In Rclix a recursive relatIon is defined as a vicw. The kcyword, is, mdlcatc'i that R 

is a view. The vlew IS slInilar to a vlrtual attnbute who,>c value l'i Iloi computed untIl Il 1'> 

actualIsed JI) a relatIon Thcrc are Iwo procc~,>e~ a)~()clated wllh VICW'>: 

• DefillItlOn: the re1.ttlon to the !ctt of the is kcyword 1') bOlilld 10 the operatIon on the nght 

of the Ès keyword. l'lm ddïl1ltlOn I~ IIlterpreted al the compile lime 

• Evaluation: thc cvaluatlon of thc abovc delÏllItlon I~ tnggered. The cvaluatloll happcll'> 

whcn the vicw i~ executed at the run tune u~1I1g thc current Ver\IOIl of the relatIons ln 11\ 

defïnitlon. 

Con SI der the 'ltatcment, R il! S ïjoin T. A view In thl') ca\c I~ a bmding of the 

relation R wlth the operatIon (S ijoin T). The cvaluation WIll takc place evcry tllne R 1\ 

referred to in the pnnt or a\\lgnment ~tatcmcnb. 
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Examplc 2-18. Givcn a relation, 

Parent (Sr Jr 
Dave John 
John Dlma 
Dlma Alex 

fïnd ail the group'" of re!,tÎIVCS III the Parent relation. 

Ancc\tar i~ Parent ujoin (Parent [Jr icomp Sr] Ancestar); 

As a re\uit of tlll) recur\lve proccss, Ancestor relation will contain six tuples. Issue 

a pnnt cOl11mand to cvaluate the Ancestor view. 

pr!!Ancc\tor 

Ancestor (Sr Jr ) 
Dave John 
John Dima 
Dima Alex 
Dave Dl.ma 
Dave Alex 
John Alex 

• 
2.7 Metacode and l\fetadata 

Wc l'an wntc Rcllx routmes which interpret ather Relix statements. These routines 

will be rclàred to as nll:tacode rout1l1CS. 

A rdatlonal ddtaha,>c coml~ts of data and metadata. Data is represented by relations 

sudl a,> PerDon, Stud_lOfo, etc. dcscnbed abovc. Metadata is the data that describes or 

help~ 10 IIl1erprct other data [Day85]. In a relational database metadata inc\udes: the names 

of rdatlon,> and thclr L'orrc<.,ponding attnbutes; types and damains of attnbutes; physical 

sll'r.lge and acres,> paths for relatIOns, etc. 

Example 2-19 

The Requnements relation speclties the cnteria for belonging to each category of 

~tlldcnts at the 1Ill1verslty. Here the attribute'i store the names of the relations, 

Grad_Students, Ugrad_Students, Students, Grad, and Ugrad (see below). 

Requlrements (Category 
Grad Students 
ugrad_Students 
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Metadata can be mal11plllat.:d by domal/1 algcbra. The Requuements rc1atlllfl 

can be U'icd to dctcn11lne the complete IIlformation on people bl'Ionglllg to e.h:h 

category. To do thlS, v.~· JOIll the rl'1atlOns III the Critenon1 and Critenon2 fïdd\. 

let new _rrl he Catcgory cat 01 oE- 01 Cllt Cri tenon 1 cat 01 IJOIl1 " cat C'ntenon::! cat "."; 

Combine oE- [new rel] in ReqllJrements; 

As a reslllt, the metadata stored in the relation Combine Will be III the fmm of quenes. 

• 
Combine ( new_rel 

Grad Students ~ Students ijoin Crad; 
ugrad_Students ~ Students ijoin Ugrad; 

2.7.1 Stmt metadata 

RelJx can cxccute the contents of the attnbute of a relation only If the attrihllte 1\ 

defined to be of type Mml. If that attnbute IS detïned to be of Iype SIl'!:, Il can be ca\t 10 

stmt type. Dunng tlm prol'C~~ 110 change~ tü the value of Ihe dltnbute Ol'ClIr A slml 

keyword preccdll1g the nalllc ot thc attnbllte ~Ignal\ 10 the ~y\telll that the followmg attnhllie 

IS to be treated a<; ,Ul cxeclItahlc ~tatcll1cnt 

Example 2-20 ExecutIon of the qucries ~torcd III the Combine relation Hl Example 2-13 

let 1 b" (~tmt ncw_rel); 

Res oE- [1] in Comb1l1c; 

Res: 

Glven the followlI1g rc1atJon~, 

Students Grad Ugrad 
(Name Stud#) (Stud# Year) (Stud# Cred~ts) 
Pete 123 123 2 234 30 
Kate 234 345 1 456 15 
Jake 345 
Vera 456 

Two relatIon') will be prodllccd a~ a re~lIlt of the actuah/atloll of the Res relation 

• 

Grad Students 
(Name Stud# Year) 
Pete 123 2 
Jake 345 1 

Ugrad Students 
(Name-Stud# Cred~ts) 
Kate 234 30 
Vera 456 15 
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Chapter 3 

Attribute Inh(ritance 

The notion of mhentance IS absent in conventional database systems. ln this chapter 

wc are proposlng a relatlOnal IllcdeJ of classes, cJass hlerarchy, and inheritance of attributes. 

The declaratlon of the mhentance hlcrarchy can be Implemented by metacode m Rehx, but 

we ~llggC~t a ~horthand ~ynta\ WhlCh a~sumes that Implementatlon. 

ln a rclatlonal data Illodel, a class IS represented by a relatIon where the attnbutes of 

well-dcfincd typc~ arc the Il1stance vanables of that class, and the Instances of that class are 

m tuple::.. (Sol11e lIl~tancc~ mlght be represcnted by more than one tuple). An instance object 

contains ~oll1e gcnerdl fcatures (attnbutcs of the superc1ass relation) and sorne speclalized 

IIlfOrmallon (attnhute\ of a slIbclas"i relatIOn). Thus an mstance obJect IS spread across many 

rclatlon~ of m Illhcntancc hlcrarchy 

ln the followlIlg dl~cllsr.;lOn we are going to concentrate on simple inhentance, where 

each cla\\ ha\ at mmt one sllpercla~s 

After Il1troulIcmg the relational representatlon of the mhentance hierarchy, this 

chapter will dl\t:ll'>'" the modIfications to the basIc relatlonal operatIons (projectIOn, selectIOn. 

J01l1 and lIpclate) Ih,lI arc necc~sary 10 take advantage of the attnbute mhentance. For details 

of cach of the Implcmcnt,UlOn algonthm~ dl!>cu!>!>ed 111 thls chapter, see Appendix A. 

3.1 R('prl·~t'ntâltion of Inheritance IIierarchy 

The fir!>t ~tep 111 the Implementation of inhentance is to determine in what format the 

representatlon of the c1a~~ hlerarchy will be stored in a relational database. A simple 

approach I~ to Il,1\'1: a sy~tcll1 ml:ta-relatlon . Hl.erarchy ( . Subclass, • Superclass) in which 

~adl IlIpk rcpr~'~cl1t ... an ;sa rclatl()mhlp between two classes. 
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Example 3-1. Representation of the Per~on hierarchy. 

Let us conslder the followmg hlerarchy: 

Per~on 

/"" èmployec Student 

/"" Permanent Temporary 

There are four isa relatlonshlp~ In thl~ hl~rarchy, so wc can expert four tllple~ III th~ 

• Hierarchy relatIOn . 

• 

. Hlerarchy (.Subclass,.Superclass) 
Employee Persan 
Student Person 
Permanent Employee 
Temporary Employee 

As wa'i lllentlOncd abo\'c, ~ubcla)~c\ l!1hcnt ail the attribllt~~ of thclr ~upcrcJa\\~\ 

ln a relatlonal databa~c model, that l11eàll'> that the attnbute~ of the \llperd.l\\ arc attnbutl· ... 

of the subcla~\. 1'0 accoll1rll~h thl\, thrrc mu)t be a way of )Ollllng rd.\tlom ln th~ 

hlerarchy, 1 e thcre mU'lt be a COll11llon field w11l(:11 IInk.\ dllterent It:vel\ 01 li tllL·r.\rl'hy. An 

ID field 'ief\e~ tlm pllrpO~C 

3.2 Object Idl'ntifier 

In mmt 'oll1ll1erclaIIY-él\;ulahle 00))13), obJecl\ arc refcrcncL'd hy a pOinter to tllL'lr 

physlcal addre~s III the 111L'll1or) In a rclatlonal data modd, the conCl:pt (If pOinter" doc) nut 

eXlst. The phlio'lophy o! the rclatlonal apprnach I~ to k.ecp ail the attnbutc) and rd,lllon" 

VISible to the programmer then: are no hldden ~tru('tLJrc .... Thm the Iderltlty field ... hould h~ 

an attnhute of eaeh l'la"" reldtlol1 Thl) appro,teh wa\ tak.en hl' PŒ,) (!I{!:S ISto/1l) 1 J, v.lllclJ 

h an exten~IO/1 of a reldtlo/1dl d,l\dha~t: ~y~tem 

The obJect Idel1tllier (ID) II., a \y'ltel11-deflned ~urr()gate whlch J\ gt:neratt:d dllnng the 

creation of th~ cla)~ and I~ lllLluckd cl) an attnbute of that cla\~ SIIlC.C ail thl' attnhutc) arc 

visible, ID can be lI~ed III aIl the relatlonal operatlom 
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ï he name of the ID attnbutc IS uscr-dctincd. Whcn lIscr-dcfÏned names rcpresent 

Idl.!ntlty, we "'eI.! a mlx of addre ...... ablhty and Idcntlty. Addres. ... abllIty IS. cxternal to an obJect. 

It ... purpme 1 ... to provlde a way to acœ'l'l an obJcct \vIth111 a partlcular envlronment and 1 ... 

thcrefore environlllcnl depcndent. Identlty J~ IIlternal to an obJect It~ pllrpO'le J<; to provlde 

a way to reprl.!c.,ent the IIldlvlduahty of an obJect mdcpendently of how Jt IS aeces.scd 

1 Khm861· HavlIlg ue.,er delïncd namcs. for the ID field 1,1cam that Jt 15 neccssary to illel ude 

the name of the ID field III the sy~tem meta-relation. 

Example 3-2. For the hlerarchy 

Persan 
(PersId, Name) 

Employee 
(EmpId, Emp#) 

Pcrmanent 
(Permld, Salary) 

Tcmporary 
(Templd, Hours) 

the new format of the meta-relatIOn l~ 

.Hl.erarchy 

• 

(.Subclass, .Subld, 
Employee Empld 
Student Studld 
Permanent Permld 
Temporary Templd 

Student 
(Studld, Prog) 

.Superclass,.Superld) 
Person Persld 
Pers on Persld 
Employee Empld 
Employee Empld 

ThIS meta-relatIon l!l now rcady ta be med. It specJfïe~ the ~llpereJa~<; of eaell da~s 

of the hieran:hy. It al~o glvee., the namc of the ID field 111 eaeh c1as!l, th us lettlllg the 

lIlhentancc llleChanl<';!ll know on \\ hlch attnbutes to J01l1 subclasses wlth thcir ~uperclasses. 

I.atcr 111 tlm chapter wc wIll dl~CllSS how metacocle IS uscd ta Împlement the lI1heritance 

lllcchanle.,m. 

].] Declaration of Inheritance IIierarchy 

A rel.ltlon IS consldercd indcpcndent of othcr relations unless it be10ngs to a 

hicrarchy. New rdatlons can be lIlc1uded in a hierarchy by specifying their superc1ass and 
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the names of ID fields In both subc1ass and supcrclass relations. The shorthand syntax for 

including a Subclass under the Superclass fit'i ntcely 1I1to Rchx phllosophy. It will be 

referred to a~ an inh<,rit statement 

Subclass [SubId isa Superld] Superclass 

Example 3-3. 

Include the relatIOn Cluld lOto the ISA hierarchy under Persan. 

Chdd [Kldld isa PersId] Pcr~on 

The hlcrarchy of classc~ will be changed by 1I1cludlllg Ch!ld undcr the Per~on. 

Per~on 

(Persld, Namc) 

/I~ 
Employee SlullL'nt Ch!ld 

(EmpId. Emp#) (StlldId. Prog) (Kldld, DOn) 

/ "" Permanent Temporary 
(Permld, SalLH)) (TempId, Hour~) 

A new tupk will be added 10 the Hl(:rdrchy ll1cta relation 

.H~erdrchy 

• 

(. Subclass, 
Employee 
Student 
Permanent 
Temporary 
Chld 

.Sul..Jld, 
Empld 
Sludld 
Permld 
Templd 
Kl.dld 

.Superclass, .Superld) 
Persan Persld 
Persan Persld 
Employee Empld 
Employee Empld 
Persan Persld 

If the nallle~ of the ID lïcld~ are nOI ~peci tied 111 the whcntancc \tatcmcnt, a ddault 

field nallle "Id" I~ a~~lIll1ed. SU.U1 exprc~~lOn "Dog ba Mammal" traml.tte\ mto a tupk 

{Dog.Id.Mall1ll1aLId} 111 the .Hlerarchy relation 

The '>Cl1lantIL'" of thc in/Il!,.i! .\tatemellt I~ dC)lgncd ~o a,> to dl,>allow the lIl..,rrtlon 01 

relations betwccn thl' CXI~llTlg cla'l'lc,> In thl~ way the ~pcclalllatlOn challl will nol he 

broken. For cxample. lI1cludlllg a cial,., Adulte a<, a I,llbcla.,~ of Person and a ,>upercla..,., 01 

Employee I~ not pCrJ11ltted 

In all of the OODlh. the drclaratlOn of ITlhentancc II, dont.! at the tlrnt.! of Cid'» 

definillon, when 110 11l.,tance~ 01 Ihat cid)) eXI~t. We will adopt the ~arnc approach and allow 
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only empty ~lIhcla')., relations to he used ln the mhent statement. There is another reason 

why a relallon can he placed Into the ISA hlerarchy only when that relatIon is empty. Since 

the ID field l'~ gcncraled hl' the ~ystem, the system should know at the tIme of creation of 

tuplc~ of the relatIon \\hether to generatc the values for that field or not. 

At any tlme a cla~~ can be removed from the hlcrarchy, because it does not need to 

inhent elther the attnbllte~ or the bchavlOr from its super classes. The same format of the 

inhcnt statcment IS lI~ed wlth the name of the relation on the left hand side of the ISA 

kcyword anù a rc~crYed word ROOT on the nght hand side. So to take the relatIOn 

Permanent out of the hlcrarchl', we wnte 

Permanent ba ROOT 

Whcn a c1a')~ R il; rcmoyed from the hierarchy, the attributes that could be referenced 

from the ~upercl.l~"c\ ot R through the ISA lInks become maccesslble. The programmer has 

to kccp III I1lIIH! that ~()llle operatIOns .. "hlch were legal before the remoyal, become illegal 

after the rt'Illm ,d 

The procedure of rClllo\'al of the relation from the hlerarchy does not alter the 

contcnt~ of th.lt rCl.ltllll1 Tlm proœdllre breah the hnk between it and Its superclass by 

delctlllg thl: luple reprc~cnl1ng that Ill1k from the Hlerarchy relation. If the relatIon is a lcaf 

cla')~, the re~ult of Ih re111 o"al frolll the hlcrarchy make~ It an mdependent class. If the 

relation I~ an 1I11crlllcdlatl' cla,>\, Il'' remoyal from the hlerarchy will make the branch rooted 

at Il Illto a \epar.ltc hlerdrchy 

Tlm 111Igl1l he meful 111 ~plJttlng a deep hlerarchy tree. The user might need to work 

wlth dlftcrl'Ilt part ... of the hlcrarchy ln dlfferent stages of hls program. For the purpose of 

~illlplIfi\."ltlon and cf fl\:tl\'Clh,~~'" of J0ln operations (fewer attnbutes 111 the mterrnedlate 

rcl,1I10n~. tc\\cr rctHll)n~ tu 1(111) the user may choo~e to break the tree mto ~eyeral shorter 

<;llhtrce~ Thl ... \\lHlld hc donc III ~uch a way that each sllbtree wOlild contam ail the 

I1cl'e""',lry rCI,ltHlm for that ~tagl' of the program. 
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Example 3-4. Sphtmg of c1ass hierarchy. 

A good exarnple of such a SItuation IS a hlghly bureaucratie orgamzatlOn wlth 

many levels of management Eaeh manager IS a subordlllate of hls hlghrr-Ic\l~1 

manager and at the same tlme he has hls own subordmates. At the botlom of tlll' 

hlerarchy are the lIrllOnlled emplo)'ecs For the purposr of proJcct managcment It I~ 

necessary to know the cham of commalld of éa<.h elllployce The umon I~ onl)' 

mterested ln the employee and hls direct ~upcrvlsor when the ulllon h.1ndle ... 

complaJnt~ So for handlIng cmployee cornplalllt~. the ul1lon nced~ only the la ... t t\\O 

levels of the OIganizatlonal hlerarchy . 

• 
SlIlce in a simple-inhentance ~y~tem each ~ubclass ha~ only one supercla\~. tllere 1\ 

a unIque tuple for each ~llbcla ... s III the. Hlerarchy relatIon. Thcreforc. whcn rl'l11ovmg a 

leaf relation lrom thc hlcrarch) of cla~çe~. the tuple corre~pondlng to that relatIOn 111 thl' 

. Hlerarchy mcta-relatlon I~ l'a,y to locatc 

Example 3-5. RCl110val of a kat clà"'~ 1'rom the c1a~~ hlcrarchy. 

Remo\'c thc relatIon Permanent from the Person hlcrarchy (Examplc 3-2). 

Permanent i~a ROOT; 

The tuple {1\:rlllanent.Pamld.Employee.Empld} wdl be deletcd from the IlIcran:hy 

relation 

.Hlerarchy (.Subclass, 
Student 
Employee 
Temporary 

.Subld, 
Studld 
Empld 
Templd 

.Superclass,.Superld) 
Person Perslù 
Person Persld 
Employee Empld 

And graphlcally the Person hlcrarchy wIll look !th.e thl~' 

Pl?r~on 

/' '" Ll11JlloycL' Studl'l1t 

'l' /' l'1l1pl)rar) 

• 
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Example 3-6. Rernoval of a non-leaf c1ass from the c1ass hierarchy. 

Remove tlle relatIOn Employee from the Persan hierarchy (Example 3-2). 

Employee i!la ROOT 

The tuple {Employee,Empld,Person,Persld} IS deleted from the • Hierarchy meta

relation 

.Hlerarchy (.Subclass,.Subld, .Superclass,.Superld) 
Student Studld Persan Persid 
Permanent Permld Employee Empld 
Temporary Templd Employee Empld 

The branch rooted at Employee IS made mto an independent hierarchy. We now have 

two hlcrarchlcs: Persan and Employee. 

• 

Pcr~on 

1 
Studcnt 

Employee 

/ \ 
Permanent Temporary 

Thl~ ~ynta). I~ ~lIllable for the declaration of multiple tnheritance. We can say that 

in the Per\ol1 11H:rarchy 111 Example 3-2, Temporary employees are at the same time 

Student~. The lI1\'e~tlgatlon and Implementation of multIple inheritance is Ieft for future 

re~carch. When multiple mhentancc IS not supported by the language. care should be taken 

tu cmure th dt evcry Cld~~ ha\ onl)' one ~uperc1a~s. 
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3.4 Aigorithm for Implementation of the Inherit Statement 

Glven an mhentance statcll1cnt. 

Child [Cid isa PId] Parent 

Parse the inhcnt staternent and il1ltlahze the following scalar~: 

ChJ\d - the left mo~t r\.!lation name; 

CId - If there are square bracl .. eh, the attribute name after ''['' and befon~ isa kcyworJ. 

else Id; 

PId - If there are square brae\...\.!ts, the attnbute name after thl! isa keyword and hcforc "1". 

ehe Id; 

Parent - the nght I1Wl,l relation name. 

Proceed as follow~: 

If Parent = "ROOT" lhen 

Delete a tuple t'rom the. Hlerarchy meta-relatIon whNc .Subclass :: ch tld 

el~e 

If the Chl.ld r\.!lallon l~ empty then 

add a tuple {Chlld,cld,Parent,pld} to the .Hlerarchy meta-relatIon 

else 

Error - attcl1lpt wa~ made to incJudc a non-empty relation. 

SeetlOn A. 1 of App\.!ndlx A gl\'e~ a morc dctalled dc~cnptlOn of thll, proœl,~ 
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3.5 Projection and Selection 

Example 3-7. SelectIOn and projection of inhented attributes. 

For the hierarchy, Person 
(PersId,Name) 

/ ~ 
Employee Student 

(Empld,Emp#) (StudId,Prog) 

/ ~ 
Permanent Temporary 

(Permld,Sala;-y) (TempId,Hours) 

/ ~ 
Office 

(OfId,Phone) 
Field 

(FId,Addr) 

evaluate an expressIOn 

[Emp#] where Salary = 25 in Office 

Note: the attnbutes Emp# and Salary do not belong to the relation Off ice. They are 

found ~n the relations Employee and Permanent above Off ice in the hierarchy. The 

system should search for these attnbutes in the superclasses of Office . 

• 
Two approaches can be taken 10 fulfi1 the request to proJect an attnbute from a 

relation hlghcr up 111 the hlerarchy. They vary In their efficlency. 

The tirst approach I~ nalve. but Intllltive and straightforward. Wh en an attnbute 

bClIlg projcded I~ not defined ln the relatIOn from whlch it IS projected, we can J0In ail the 

relal1on~ trl the branch of the hlcrarchy tree to whlch that relatIOn belongs, and th en project 

the rcque~tcd attnbutc. 
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Example 3-7a. Evaluation of the expressIOn In Example 3-7. 

The system generates an expression ~hl~h contallls the Jom of ail relations in the 

hierarch)' from Ofhee to the root cla~~ Person' 

«(Office [Otld ijoin Permld] Permanent) lPermld ijoin Empldl Employee) 

[Empld ijoin Pl'rsIJ] Per~on), 

and then evaluate~ the onglnal e\pre~~lOn by replacmg Off tce by the ,aho\e l'xpre~'loll 

• 

[Emp#] "herc Salary = 25 in «(Oftïcc [Otld ijoill Permld] Permanent) 

[Permld ijoin Empld] Employee) [Empld ijoin Per~ld) l'er,on), 

The ~econd approach I~ to reduce the numher of rl'latlOf1\ 111 the J0lT1 hy Ignonng aIl 

the classes whlch do not contam any attnbute~ rcfcrenccd ln the cxpn::.,wll Thl~ 1\ ralk'lI 

a minimum join approach. It I~ Important to mention th.H mlnllllUm J0ln ,>hnllid alw,IY\ 

inc1ude the ongmal relatIon l'ven If that relation doe~ not contull any atlnhull''> rCkrelll'l'd 

in the projectIOn or ~clectlon 11~t. Thl~ will emurt: thal only tho<.e oblCL'I,> whO\l' 

speclalization IS spccIfïed by the mer (I.e .. onl)' thme Employee~ Ihal have an Of f lee) will 

be considered for the projectIOn and ~electlon operatlOll1., The. Hterarchy ~1bk II., u,>cd to 

determine on whlch attnbutes the~e rclatlom are to be jOlned 

Example 3-7b. Minimum 10111 

Only relations Permanent and Employee nccù to be JOIncd wlth Of f tce. Our onglllai 

expressIOn IS evaluated on the gcncrated j0111 cxpre~~I()n. 

• 

[Emp#] \\hcre Salary = 25 in «Ûffiœ [Otld ijoin 1\:rmId] Permanent) 

rPermld ijoin Ernpld] Employee); 

It mlght be argucd that pOInter~ can be much fa~ter than J01l1\, but tJnly for conllectlllg 

single obJects. Our approach deal~ alway~ wlth \ct~ of abJect,> --cla,>,>c,> and thclr ':Iuo,>cl'>-

and became of pos~lble large 'ilze of thc\c ~et~, Il IS betler to u,>c J0In., 
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3.6 Aigorithm for Implementation of the Minimum Join Approach to 

Project and Select Operations 

Glven a !>tatcrnent, 

RI 4- [proJectIOn] where selection-condItIOn in R; 

detcrrnrnc If the Input expre!>slon can be evaluated in the current implementation of Relix 

(I.e., ail the attnbutcs Hl the projectIon Itst and the selection-condition are defined on R). 

If the cvaluallOn IS not possIble, then proceed as follows: 

1. Dctertmnc ail the supcrc)asses of R on which the attnbutes referenced in the projection 

IIst and thl' selectIon condItIOn are defined. Generate a joJO expression in -whlch these 

supcrcla\\c\ arc J1l1l1l'd wlth R 

.., An cxcclI!dhlc cxpn:'\lon II, gcncra!l.!(l from the Illput expression by replacmg R with the 

JUIn cxprC\Slon 01 ,tep 1 

RI+- [proJ J \\ h"I"(' !>clectlOn-cond in (join expressIon); 

SectIon A 2 01 Appendlx A presents a more detailed description of this process. 

3.7 .loin 

The two opcrand~ of the Jorn opcrallon can be independent relations, relatIons from the 

samc hlcrar~:hy. relatIOns hclonglllg 10 possibly dlfferent hierarchies, or a combination of 

aboVl.' types Lei LI" COl1\ldcr severa) specIal case., where Q ~- R ijoin S. 

1. Rand S bdong tll Ihe ,(unt: hlerdrchy and they have the same parent T. 

T (ld.CD) T (ld,C,D) 

/ \ /1'" 
R (ld.A) S (ld.H) R (ld,A) Q (ld.A,B) S (ld,B) 

a) b) 
FIgure 3.1 
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In order to aVOId dupllcatlng attnbutes of T, Q can be attached under T. thus mheritlllg 

its attributes (Fig. 3.lb). 

2. Rand S belong to dlfferent branches of the same hlerarchy. We want Q to mhcrit from 

two relatlom: the parent of R and the parent of S. This is a case of multiple tnheritan\.:l' 

T (Id, C. D) 

/~ 
U (id, F) V (Id. E) 

R (I~) ~ (Id, A, 1 s~ B) 

Note: one can th1llJ.- of thl'i case of multiple IIlhentance as If, for the tllne of JOIlI, Rand 

S were treated a~ llldependent relations. Thus Q Will have aIl the combll1atlom of 

attnbutes A and B. When the JOlll I~ complete, we rcmernbcr to lllclude Q ulllkr the 

parents of both R and S, becau~e Q already ha~ ail the ncC'C~~ary IIlformatlon ahollt the 

attnbutes of Rand S relatlon~. but not abolit the lIlhented attributc'l 

3. Rand S bl'Iong w dtfferent hlerarclm~s. 

T (Id,C) U OdU ,F) 

1'" / 1 
R (ld,A) Q (Id.A,B) S (IdU,B) 

4. R IS an II1dependent relation and S bclongs to a hlerarchy. 

R (A) U (Id, F) 

~ 1 
Q (Id,A,B) S (Id, B) 
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Thcre arc several dl~advantage'l of makmg Q mhent from the superclasses of Rand S: 

• the abovc argument.;; and su?ge\ted treatment mlght not be equally vahd for ail the JA.- and 

a-JOInS 

WJ0Ins. In the case 4 above, R djoïn S will produce an independent Q because il wIll 

not have the lOs that are In the hlerarchy to which S belongs. 

a-JOIns. Any a-jOln on the IDs wIll produce the relation Q, whlch will not have the ID 

ficld ln It, and thu) Q wIll be independent. 

• a dlITerent treatment ot each specIal case Imphes a comphcated Implementation of the join 

statemcn 1 

COll',ldcnng thc'Ic Important Jlsadvantages, it IS better to create Q as an independent 

relation cont,lllllng ail the attnbutc'I of the JOining relations Rand S This will allow a 

complctcly gClleral lInplclllentalion of ail of the Jom statements A prehmInary routine will 

expand ail the rclatlon'l helonglilg to a hlcrarchy into mrependent relatIOns and wIll pass 

tho\c Inucpendenl rdltlonl, 10 the current lI11plementatlun of the Jom statement. Thus a 

maXlIllllll1 fl'u\ahrllt} of the eXII,tlng code wIll be achleved. 

Examplc 3-8 JOlll of Relatlol1\ ln Different Branches of the Class Hlerarchy. 

ln the eXpre\SIOI1, 

[Nanh: ,SalaT) ,Studll] in Permanent [Permld ujoin Studld] Student 

relatlon\ Permanent and Student belong ta dlfferent branches of the saille hierarchy. 

Th<: attnbutl' Nan,...: 1" nut de1incd on any of the relal10ns In the JOIn. The mInImum 

.10111\ 01 the rel,111011\ ln the Permanent branch and the Student branch of the Persan 

hlcrarc!l\ dTl' 

• for Permanent Pcrl1lancnt IPcrmId ijoin PersId] Person 

• for Studt!nt Studl'llt [Studld ijoin Per~Id] Person. 

Wc rl'pl,h:\.' thl' l'ngll1,!1 jOlll expres~lon wllh the new one, whlch uses the 

[N,IIl1l',S,ll.ny,Studflj in ((Pl?rmancnt [PermId ijoin Persld] Person) 

[PermIt! ll.l0lll StudIdl (Student [Studld ijoin Persld] Person»; 

• 
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3.8 Aigorithm for Implementation of Join 

Given a jom eXpre51~lOn, 

[projection] where selection_condition in S [attr. JOIn_symbol attr,] T 

determine If the mput expres~lOn can be evaluated ln the CUITent ImplementatIOn of Rdl\ 

(i.e., ail the attnbutes ln the proJe~t)()n Il~t and the ~dcctlOn-condltlon are dctined on thl' 

relations Sand T). 

If the evaluatlon 1S not possible, then proœed a~ follo"~ 

1. Determine ail the superclasses of the relations partlclpatmg III the .lOin on whlch the 

attnbutes ln the projectIOn Ilst are defïned for cach of thcsc \I1put relations gcneratl' il 

join expression whlch jom ... that relation "!lh 11\ supcrda~ ... cs 

2. Expancl the onglllai jOIll ln the in clau ... e by puttlllg to~clhl'r the 10111 e\pre ... slon., 01 ,>tl'p 

1 III the <,amc order a., thclr base relations appcan:d III the ongmal .lOin, and <'l'paratlng 

these expressIOns bl' the corre'lpondmg .loin 'i)'lnhol from the .Ioll1_~ylllhol t,lb Il' 

Section A.3 of Appcndlx A presents a more dctalled de ... cnptlon of tlm proce ...... 

3.9 Update 

A subclass relatIOn may overndc the attnbllte~ 111 Il ... anccstor rclatloll'> Thcrc arc 

two types of o\'ernde~' value and mealllng 

1. Value ovcrnde - wh en a sy'ilclTl rl'l'clves a rl'que .. t 10 updatc an ITlhented allnbute, tlm 

attnbute IS updatl'd 111 the relatIOn ln "hH:h Ills ddincd. and not III the relation \11 wlllch 

it IS mhentcd 

Example 3-9. Value Ovcrndc. 

Conslder three rclatlon\ below whlch belong to the Person hlcrarchy (Example :1 7) 

Person 
(Id, Name) 
1 Ml.ke 
2 Ann 
3 Pete 

Employee 
(Id, Posl.tl.on) 
1 Manager 
2 Clerk 
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(Id, Salary) 
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• 

If the user wanb to change the Narne of a Permanent Employee who earns 20 to Kate, 

th en the value of the attnbute Name should be changed m Ils ongInal relation Penon. 

This ensure~ that the changc IS secn by the off~pnng of Persan . 

• 
2. Meanmg overndc - If an attnbute defined In a superclass takes on a dIfferent meaning 

III a suhclass, that attnhute may he redefined In the suhclass. When the system receives 

a rc.quest to update the reddined attnbute, only the subclass IS affected. 

Example 3-10. Meanmg Ovcrnde 

('on~ldcr the folloWIng hlerarchy 

Person 
(Id, Namc) 

1 
Studcnt 

(Id, studtl) 

1 
Csc 

(Id, Name, Alloc_space) 

where for a com t111lcr ~clencc stlldent the Name attnbllte represents the user name on 

the computer and not the rcal name. Given: Pete's student# IS 1234 and he has an 

aaount on "bart" machlllc 

Persan 
(Id, Name) 
3 Pete 

Student. 
(Id, stud#) 

3 1234 

CSe 
(Id, Name, AlIce spaee) 
3 Pete@bart 10Mb 

lt Pctc's al.'counl gelS tran~fcrcd to "homer" machine, IllS )ogIn name can be çhanged 

wlthout affrctlllg hl'l rcaJ namc; 

• 

updah' rsc changt' Name 4- "Pete@'homer"; 

Persen 
(Id, Name) 
3 Pete 

Student 
(Id, stud#) 

3 1234 
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3.9.1 Updating an ID fi{'ld 

Of special comlderatlon IS a ques.tlOn of updat1l1g an Id field. Stnœ an ID tidd \, 

a visible attnbute and H plays. a special roll' 111 lmkmg cla~')es. \\c arc faced w\th a dIlemm.1 

should the updates. be alltm cd on H') Se\t?rdl OptIons. can be con~ldered. 

1. Allo\!.' update~ of ID onl}' In the f·)lIo\\ mg CJ ... e~ 

• addition of nev. ID~ to the root of the hler.lrdlY, 

• de1etloll of olJ Ilh tWill the Je,lf:-. of the hll·rM\.:hy trel.', 

2. Allo\\ upd,ltes. cvcryv. hcre. betore a phys.lL'al upddte takel, pl.lCC, ven!"y the valtdlty ot 

Il (make ~ure that no chJ!Jn:n are made orphans.). 

3 Allow unwnclltl(lll,1l addltlllll) and deletlon\ of ID~ anywhere 11\ the hlcrdrchy and fil! 

ln autolllatlc.t11 y the 1ll1 ...... ln);. lllfOrlllatlon \\ Itll null value ... 

Here v.c dl"'\.'lI"'~ c;I\.'1l opllon III dl,t.1I1 

1. Res.tnct updatc ... ut the ID tield Allcm only addition.., ot nev. IIh at the root .\IlL! 

de\etlon, of ID ... at the Ical'" of the 11lt~rarclly tree. 

E\ample 3-11. 

Comlder the 1"0110\\ Illg relation.., whlch belon!;. to the Illerarchy ln thc I:xarnple 3-7 

Person (Id,Name) 
J Mlke 
2 !Inn 

Employee (Id,Emp#) 
1 ln 

Permanent (Id, Salary) 
1 25 

2 345 
3 Pete 

The re..,t of the relation,> are cmpty 

The onl)' opcratl()f1'I alhmed are to add tupll') wllh nev. ID.., to Persan and 10 

dclete tupIeI, fWIll thl' kal l'Ia~,c\ Field, Off ice, Temporary. and Student. III 

llli'~ cal,e ckktlu!l (lt lhe ell1ploy'i:t.~ \\ Ill! Id ::: :2 10., /lot a:lov.cd. o.,lnLC EIT,ployee 1.., not 

a Icaf l'Id ... .., 1 lIgIL\ill). \\e o.,hould he dllo\\cd tn dl.'klc Il ..,11ll'C Il JOl'\ Ilot h.t\'c 

chtldrl'Il. 1 e thl'rl' ,trl' Ill! tllpk~ III I-'errr.a!lL'nt Ilor ln Terr'fJorary wlth Id :2 ~o III 

reallty an Imt.tl1l'l' of Err pl ojee V. Ilh Id = :? 1', the Iedt of tlm brallc.h 

Tuplc~ \\ Jlh thl' né\,\ \ ,tIue ... of 1 D att fi bu te l'an onl y bl' ad(kd to the root L Id ".., 

Belo\\' v.c ..,ho\\, v.hat ml.~ht happen other'AI'>l.'. If wc add a luple {4, 567} to the 

Employee rddtlllll. Employee 4 \\\luIJ not h.!\\! the l'orr\!\pllnJlng tupI\.! Irl the Pel son 
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1 

1 

relation 

• 

Persan (Id,Name) 
1 Mlke 
2 Ann 
3 Pete 

Employee (Id,Empl) 
1 123 
2 345 
4 567 

2 Allow ail update~ a~ long a~ they make sen~e. 

Permanent (Id, Sa1ary) 
1 25 

Thl., appro,ll'h doc., not put any re~tnctJons on the syntax of the update, asslgnment 

am! declaratiCln st"tcmenh But the staterncnt should be semantlcally correct, I.e. 

• III the ca..,c of a delctc, the !l)'!ltcm should ven fy that there are no tuple~ III the subclass 

relation wlth the "'dmc ,1) (orphall'\ arc not allowed) 

• III the c<l~e ot an adJ, the system should makc sure that a parent wnh the same ID already 

'Ilm appro.tl'll gl\'C\ the u\cr a 101 of freedol1l and tlexlbîllty III manlpulatlllg data 

J AllO\\ ail upd.\le\ 

Herc thl' rcqlllrclllcnb 01 thc prevlOm option are completely relaxed. The additions 

and delctlOI1\ ot ID" .Ire alhn\ed at any \evel \11 the hlcrarchy. ln the case of addition, the 

retIlIcsted tuple 1) LTeated. then the parent ot the updatcd relation IS found, and the eXistence 

of the ,ldded lD III thc P,tn.:'llt rdatllll1 IS \cnfied If It II, not found, a tuple wlth that ID II, 

dddcd tn tlm p,lrl'llt rl'I,III111l dnd ,dl nther attnbutc) arc Illltialiled to Nul!. The..,e attnbutes 

l\111 hl' Upd.\tl'd at ,1 l.lter tlllle 

Thl\ 1\ lI\dul \\ hL'1l a ll"cr 1.., only mlerested In the attnblltes of the leaf classes and 

will (If Ill'Cl'''\,lry) Input thc Ilm~lIll.! ll1formatlon later. ThIS mlght produce unwanted resu1t~ 

\\ hen manlplll.ltlng an II1compll'te relation (where Null values have not becn changed to 

IllC.lI1 1 ng 1 ul Olll'\) 

ln Ihl' \."l..,e (lI' dektlon. ail thl' relation.., ln the hlerarchy llnder the class In WhlCh the 

ID l~ elllllll1,\ll'd ,Hl' ,'karet! of thl' tup1cs \\lIh that ID. 

'l'lm dppru,ldl ~llpport\ the ulI1cept of gcncraIJ7atlOll, where v.e build the hlerarchy 

from the 1110,>t ~lk'Clfll obtl'\.·t to a mUle general one 

Al1HlIlg thl' l'\l\tmg OODlh, l'OS rGRES supports the second approach. 
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To thls pomt, wc dcalt \\Ith addItions and ddctlOns of tupk~ III a C1.i'~. Th" nnt 

logical questIon lS. what happcm when an ID tidd IS changed 10 the updatmg pnxe~~') 

A change of an attnDutc comlsts of t\\O p,lrt~ ddctmg the tuple~ wllh tllJ! attnbutl' 

and IIlsertl!1g d tu pie \\lIh the new \alut! of thdt attnbute. Ali the other attnbute\ ret.llll thl'Ir 

ongmal valuL' 

Example 3-12 Bred\.- of the gcneralllatlon chall1 a~ a re~u1t of the change to the 1 D. 

Glven three relatlol1~ that bclong to the hleran:hy JO E",ample .'l..-7, 

Persan 
(Persld,Nan1e) 

1 Pete 
2 M!ke 
3 Kate 
4 N!ck 

Employee 
(Empld,Empl) 

1 123 
2 34S 
3 567 

Permanent 
(Permlct,Salary) 

1 25 
2 35 

update Permanent changr Name.- "Ann", Pcrmld ... J, 

If thl~ ~tatcl1lcnt 1\ !t'gal. then tiN, ail thc tuple\ 111 Persan whlch ha\'c .\ 

corre",pol1llJn~ tupk' 111 Permanent will be Identllicd The ... e tuple ... wJ!1 hl' updated alld 

the nallh.' "Ann" \\ III repl.ll'c the pre\ IOU'" IMI11C) Thl'Il ail the tuple ... III l'Clïlldfll'lll 

will ha\c thclr PermId ch,lI1gcd to '\ t\ ... a re ... ult wc \hOllld ,>ee the tO:IO\\IIl~ 

informatIon 

Persan 
(Persld,Name) 

1 Ann 
2 Ann 
3 Kate 
4 the).; 

Employee 
(Empld,Emp#) 

1 123 
2 345 
3 567 

Permanent 
(Permld,Salary) 

3 25 
3 35 

S) ntacttcally there 1 ... nothing \\ r(lng \\ \th thl.., rc~ult \lnCC no orpltan ... rt:)ultt:d 

l'rom thl~ OpL'ratloll 

dramattcally. To a\old \lIch a ~Itlltltlon, a COl1\trdll1t I11lght hl: enforced v.hl'n: thL' 

vaIlle of ID til.?ld can hl.? changed onl)' If Il) part:nt I~ ~pcclfil'd 

",,;- .. . 
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Advantage~ to tn'ating an ID field in a special restricted fa~hion: 

• ID p]ay~ a sIX'clal role as a Itnk belween Iwo relatlon~ In the hlerarchy. Once that hnk 

IS eslahll~hcd, It ~hou]d not be allowed to be changed, SInce any change 10 Its value 

alters the establJshed gencrahzatlon path 

• protcct~ the u\er from mlstakenly altenng the generalizatlOn path. 

Oi~ad\antagl" to tn'atillg an ID lidd in a re~trictrd fashion: 

• the user 1\ senou\ly hlllited ln the deslred mantpulatlon of accessIble fields In ail 

relatlon\, 

• the user IS not pre\ ented from altenng the generalJzatlon path, SInce the user can deI ete 

the Icat relation" and" .rcate them wJth dlfferent ID values; 

• thl: Implémentation of the updatc statcmcnt 15 cornpllcated. 

Thcre arl' no 1l1\:ch.\IlI'>Ill~ ln Rellx to proteet fully any attribute from bemg changed. 

Even If I,trollg protection l' pnn Ideel. the liser can al\l. ays go amund It and achleve what he 

\l.ant\ Tlm kath !n the conclu\lon that there should be no restnctlons on the use of ID field 

111 the lIpdate \tatelllcnt The lI..,cr sholild carry full responsib!llty for the resuIts of hls update 

statement\ 

3.9.2 Impll·I1H.'lltatioll of the Update Statemellt 

The upd.lte \tatelllent 111 ObJcct-Oncnted Rehx may contam attnbutes from dlfferent 

ICH'I\ nf the 11l1lL'ntance hlcrdn:hy. As long a~ the~c attnbutes are found 111 the relatIOns 

bclonglng to tlle \al1le hr,lIKh 01 tlle hleran:hy trel', the ~tatement IS val!d. In order to 

adllC\l' 111.1\ 1 111 li 111 utlll/.ltloll of C\1\t1ng routl!1c~, thL' update statcment (\l.hlch contall1S 

attnhllte~ not ftllllld ln thl' ~peclfleJ relation) WIll be transformed 1I1to two or more update 

statl'ment\, l'.ICh l'per.ttlllg (111)' on thc attnbllte~ III the speclfied relatIOn. 
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Exarnple 3-13. Treatmenf. of the Update Statement wlth Inhcntcd Attnhutcs 111 the fh.lIlge 

Clause. 

The statement 

update Permanent change Name 4- "Ann". Permld ... 3. 

will he tran5.formed mto t,>,o statements to gI\/e the abO\c mterprctatlon 

• 

update Person change Name ... Il Ann" using « P~rmancnt (perm Id ijoin Emplù 1 
Employee) [[rnpld ijoin Pcr5.1dl Pcr~\ln). 

update Permanent change Pcrrmd ... 3: 

The prevlOu5. ex ample dealt wlth the change clau5.c Ncxt wc: dl\Œ!.\ the 

implementatlOn of the add and de/ete clau5.e" of upd.HC cxpre5.~lon\ The opcrdtlon 01 

addition of tuple5l to a rdatlOn \11 the cla5.!1 11Icran:hy h.l~ two mh:rpn:ultlOl1\ 

1. New tllplc~ ~pc~lalth' the t.'XI<.,tl1lg ObJt.'d,> ..... Ith tht.' ~pcl'lIït.'d obJù:1 ID bt.'c.lu\C Ihl' nl'''''' 

attributes are added to the cla5.\l'5. lowcr down 111 thl' hll'r.m.:hy• 

2. New tuple,> define new obJcct(5l) \\.hlch dld not eXI,>t ln the hlerarchy hy pwvldlllg 

attnbutc5. ln ail the re;atwll5. 0\ cr \1, hlch nev. ObJl'Ch arc dctilll'd 

The fir"t IntcrpretatlOn ml'am that the rdatlon 111 the add c1au\l' of the upd.l\e 

expres~ioll ha5. ail th~ attnhllt~~ of the relation,> ln the hlcran:hy (hat Ilcl'd to hl' upd.lted ') hl' 

second Interpretation meam that the attnhutc\ of ail the rclattom \Jl thl.' hlcrarchy, Ill( llj(jll1g 

the relation bcmg updated and tho~c above It, arc ~urphl'd bl' the n:ldtlOIl III the atM clau'll' 

In both ca~es Il 15. Important that the 5.ct of attnhute~ ln the add Cl.lll"l' \holild he cl unlO/1 of 

ail the atlribute~ In the relatlon\ affecled by thl'> update exprc\\Ion 

3.9.2.1 Addillg New Ohjects to the I1il'rarchy 

Example 3-14. 

GlVen the followmg rclatlon~ of the Person hl~rdr,-hy nt the Examplc 3-7. 

Person 
(Persld,Name) 

1 Pete 
2 Mike 
3 Kate 
4 NlCk 

Employee 
(Empld,Empl) 

1 123 
2 345 
3 567 

Temporary 
(Templd,Hours) 

3 27 
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l 

!!UpPO\C a u~cr want!! to add the tuple!! of the relation NewEmployees 

NewEmployees (Templd,Name, Empl, Hours) 
5 Fred 987 45 
6 Ken 888 sa 

to the c1a~~ Temporary. Note: NewEmployeee contains all the attributes of the clas~ 

Temporary (Terr.pld, Hours), mc1udlng the mhented on es (Name, Emp#). User's 

~tatement 

Updall' TClllporary add NewEmployec'l; 

will he Iramforllled mlo thn:e 'Itatemenl'l 

updall' Pcrs.on add ([TempId,Name] in NewEmploycc!!); 

updall' Employec add ([Templd, Emp#] in NewEmployees); 

updall' Tcmporary add (fTcmpId, Hours] in NewEmployees); 

Atter Ihe e\L'I .. llllllll of Ihe .. e IIHCL' 'Italcl11cnts, the updated relations will have the 

'-0110\\ mg IlIpk .. (Ill'\\ tllpk.., are III bold) 

Persan Employee Temporary 
(Persld,Name) (Empld,Emp#) (Templd,Hours) 

l Pete 1 123 
2 Mll-:e 2 345 
3 Kate 3 567 3 27 
... thck 
5 Fred 5 987 5 45 
6 Ken 6 888 6 50 • 

l hcre are "Idl probkl11'1 \l,llh Ihls breakdov.n. The re)atlOm Person and Employee 

do Ilot ha\ e tlle allnhllte Permld When climb1l1g the hlerarchy to tïnd superc)a'ls relations 

to be updalL'd. Ihe ID of e.tcll "upercla'l'l 'Ihould be alisociated wlth the ID of the c1ass In the 

updatL' e \ prc\\loll 

3.9.2.2 Spl·dalil.ill~ Ohjl'ct, in the lIierarchy 

b.alllpll! 3-15 

It 1\ al,o pO\\lhk to add a relation 

FlrstJob (Templd,Emp#,Hours) 

4 479 15 

to the "la .. , Temporary Tlle lI\l?r's statement 
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1 

update Temporary add FITSÙob; 

will be transformcd mlo thrce statements 

let Empld be Templd, 

update Employee add ([Empld, Emp#] in FusUob); 

update Temporary add ([Te:npld, Hour~l in Flr~tJoh), 

The changes arc III ustratcd on the rclatlOm gl\t.~n at the hegmnmg of Example 3-1 ~. 

Persan 
(Persld,Name) 

1 Pete 
2 Ml.ke 
3 Kate 
4 Nl.ck 

Employee 
(EmpI d, Empl ) 

l 123 
2 345 
3 567 
4 479 

Temporary 
(Templd, Haut·s) 

3 27 
4 1S 

Addmg FustJob to the Temporary would have becn lflvalid If the Employee 

relation was detïned on thrce attnbutc~ (1 d, Emp#, Dept), becall~e tht' 1I11plcmcntatioli 

of the add clall~e In Relix requm~s that the attnbllte~ ln the add c1au\c be the \alllC .t\ 

the attnblltes In the relation belllg llpdated 

• 
Before the updatc I~ cOlllplcted, the ~y~tem chccb that no orphanl, are crc.lh:d and th,lt 

all the attnbllte~ have val ues 

A de/ete clause IS lflterpreted In a simllar way. 

3.10 Aigorithm for Implementation of Update Statenlcnt 

The dWllge clause of the Update statclllent II, II1terpreted differently from the 

addlde/ete clau\e. Thclr ImplementatIon IS dcscnbed scparately 

1. Change clause. 

Glven a gcncral format of an update \tatement wllh the clzange clause, 

lIpdah.> R change al -- value l , al -- valuel".'~ -- valll~1I u,ing Expr, 

determine if the mput expn:ssÎon can be evaluated III the current ImplementatIOn of Rehx 

(I.e., the fields value l through valuen are detine{) on the Expr) 
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If the evaluatlon IS not pos~lble, then proceed as follows: 

1. Fmd the supercla~ses of the relation in the using clause and choose those ones on 

whlch the attnbutcs value, to valuen as weil as the attnbutes referenced In the Expr 

arc defined. Construct a JDln expression from the~e classes. 

2. Evaluate the JOlfl expre~~lOn from step 1 and place the result In a relatIon Temp_Rel. 

3. DetermIne whlch cla~~e~ of the branch whose leaf IS R are affected by the update 

statemcnt, I.e. whlch clal,sc\ define the attnbutes bemg updated. 

4. For cach c1ass selectcd In stcp 3 generate the hst of asslgnments whlch wIll make up 

the change c1au)c 

5. For each c1as~ sclected In ~lep 3 generate an executable update statement by 

concatenatlllg "update ", Superclass, "change", list of a~slgnments, "usmg Temp_Rel". 

Execute the gcnerated ~tatements one after another In the same order as the attnbutes 

III th,> change c1au!>c of the Input update statement. 

2. Add and de/ete c1dll~C~. 

Glven thc gcneral format of the update statement wlth add or de/ete clause, 

updnte R { add } ([attr l , .• attrnJ "here select_cond in S); 
dt'lete 

determmc If the 1I1put expre~~lOn can be evaluated ln the cllrrent ImplementatIOn of Rehx 

(I.e., the tidd ... value, through valuen are detined on the Expr) 

If the cvaluatlOn IS nol IX)\Slhk, thcn procccd as fo11ows: 

1. Fmd the sllpcrcJd~ses of the relatIOn be1l1g updated and among them choose those 

c1as~e~ whlch dcfine the atlnbutcs attr, to attr n • 

2. For each c1a!>s ~elecled 111 I,tcp l, gcneratc the projection h!!t of attnbutes. This lIst 

WIll be IIlcludcd III the addldelete clause of the generated update statement for that 

c1as~ 

3. For each c1ds~ !>ckctcd III ~tcp l, generate an cxecutable update st.atement by 

concdtcllatInt', "updatc ". Supcrclass, type of clause "(". projectIOn IIst, " 10 ", S. 

Exccute thc~c gcnerated update !!tatements. 

SeCllon A,4 of Appcndl\ A presents a more detailed description of these processes. 
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Chapter 4 

Method Inheritance 

4.1 }"'unctions and Pro('edures in the Ohject-Oril·nh.·d Relatiunal 

Dataha"e Lan~lIa~e Rt.·li, 

Functton.., .md pw\.'cdlln:.., (nk'llllx!..,) pnl\ Idc a COI1WIIICIlI \ .... 1)' III Clll .. IP..,lIl.lll' and 10 

ab~lral't compllt,1l10m Pr~..,cntly Rcllx dm:.., no! have an 1 III ptl:mcl1 tat III Il of Illl'lhllth 1 krc 

we dl)cLl~~ Imw 1111.?tlwd ... l'an b~ applicd to rdlllon) and how to .l., ... OCI.11l: Ihl' Illl'Ihod "\'Ilh 

a cla~). 

Thc t.lL'! th,11 a IlInl'lloll Il'IlIrm ol1ly l)!l~ valu\.: allow ... u., 10 a..,..,lgn a IlIlll'llllll 10 .1 

vlrtllal attnhutc ln a dlllllaill algdml ..,tatl'mcllt \Vhcl1!1m vlrtll,t1 .Ittllbllk 1., IHull'cled lrom 

a rdatlon, il II, c.lklilall:d for l'.lL'll tupk of that relatIon hy thc "'IK\.tfïl'd Illlll'llOIl. l'tH: 

argllm~l1b of a fUI1CtlOI1 l'ail be )l-.t1.1r'l or attrlbutcl, of Ihe rcl.ltlon tu ",1 ill Il th,tt !lllllllUII 1'> 

appllcd. 

Examplc 4-1. rllnL'tlOI1 Dcl'l<tr.ltioll. 

Glven a relallon Pl'r ... on and a fllnct!OIl Cale_Age, 

Person (Name YOB ) 
lüke 1941 
Pete 1961 

fUllclioll Cale_Age (blrth._ycar, curr_date); 

n'lul'n (curr_year - lmth_year); 
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calclIlate the age of c<lch per\on U~tng a functlOn Cale_Age: 

• 

Id Ulrr d,Ile he 19Y 1: 

Id age he Cale_Âge (YOn, cUff_dale); 

R ~- IN.une, af'el in PeNH1; 

R. (tJalTle age) 
Mike 50 
Pete 30 

The dllference between a procedure and a functlon I~ that a functlOll returns one 

value, whlk .1 procedure rcturn\ ~everal vallle~. Thcreforc, 'Allen apphed to a relatIon, a 

fUllct:OIl relllfll\ olle \ Irlual attnbllte of that lelatlon and a procedure returns ~evcral vlrtual 

.l!tnbute\ ~Illle Illore lh.tn Olll' altI Ihule l' rcturned by ,i procedure, It cannot bc aS~lgn\.!d 

to one attnhllie 111 a dOlllal1l dlgebra ~latell1cllt III the ~al11C v .. ay a\ a fUllctlon 1S. 

'1'0 llVCrC{llllC 1111'> prohklll, a procedure dctÏllltlon need~ to have a ~et of II1put 

.Irgllllll'Ilt\ .\Ill! .1 ... ct of output argullll'nl\ 

1:\.lInpk 4-2 

PI'Ol'l'dun' Adlll,>I_f\t.lrh.'I (in: lllldterm,tïnal,adjllstmcnt; out: new_mld,new_tin); 

Ill'\\ __ Illld ~- lllldtl'rlll -+ adJll~tmcnt; 

Ill'\\ . flll ~- tin.lI -+ adIU\tmcllt; 

• 
'l'hl' fOI"I11.11 ot ,1 prucL'dun .. ' l'ail 111 the dOlllall1 algcbra of Relix wOlild be: 

\\ hl'rc Il ln .m: tllL' IllpUt altnhutc\, and 0 1 .0", arc the output vlrtual attributes. 

Thl\ d()lll.lIll .llgchr,I \tatCIl1Cllt dctÏI1l'~ the output attnbutes 0 1 to Om as coming from 

the pro .. :edule Pt L'L' _ 1l,1111û Thc procedure wIll only he II1voked when at Icast one output 

,lttnhull' 1\ \Pl'L'ltlùl III tllL' proJcctlon or ~ckctlon optratlon. As wlth the functions, the 

PlOl'ÙltllC Prc)C n,1'no \\ 111 bc pcrft)rmed on l'very tupi\.! of the mvokmg relatlon. 

1 



Example 4-3. Procedure InvocatIon. 

Given a relation Students hc10w and the procedure Ad)ust_Marks (Examplc 4-2), 

Students (Name 
Fred 
Jack 
Lynn 

m~dterm f~nal) 

86 80 
74 78 
92 90 

calculate adJusted 11lldtcrm and final marks for l'ach studcllt: 

let adjustl11ent be 5; 

• 

let AdJ list_Marks (in:mluterl11, tinal ,adJlIstmcnt; out:ncw __ lllIll,ncw _tin); 

Studt.mt'i_rcvlscd ~ (Name, new _mld,new _tinl in Students; 

Students revised (Name 
Fred 
Jack 
Lynn 

new m~d new f Hl) 

91 8S 
79 83 
97 95 

4.2 Generic and Class AssocÎated Methods 

The l1umbcr of relations to whlch a I11cthod may bc applIcd 1'1 l'ontrolled hy thc way 

that method IS dcclan:d. l'hen.: 1" an optlonal 011 clause whlch can he lI\cd for 1111\ pllrpme. 

fUl1ctiol1 Dl'tenllll1e_natlOl1allty 0 Oll Pcr'lon; 

If the Oll clall~c I~ nnt ll~cd, then the method i~ gencnc (for cxamplc, flinClIolJ 

Cale_age 111 the Example 4-1). If thc relatIon III the O/l c1au\e I~: 

• not assoclatcd wlth any hicrttrchy, thcn the method can only bc applled to thttt rdalton; 

• associated wlth a hlcrtlfchy, then the method can be u~cd wlth that relatIon and ail 11\ 

subcla\sc\. 

In othcr word~, a nwthod dctincd on a relation cannot bc u\cd wlth alJy other relatlolJ 

cxcept wlth It~ '111bda'~~c~ One of thc advantagc'l ot u\lng ')uch a rnctl!ou ,\ that no m.Htcr 

from wh~re Il I~ IIIV(lk~d, th~ attnblltc~ of the relatIon on wIll ch It 1\ ddîncd arc alway'l 

available. MetllOd~ a~'1oclatcJ wlth a relatIon can refcrcncc ail thc attnhutc<, of that relatloll 

wlthollt the~e attnbutc\ belllg pa\~cd ll1 the parameter II~t Sirice \ubcla\'1c\ IIIhcflt ail the 

attnbllte~ of Itli ~lIpcrcla~~c'l, a method dctïncd on a \upcrcla\\ can be Itlvokeu 011 the 

subc1ass. 
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l 
l'or a gŒcnc mcthod, ail the vanablc~ u~cd ln the body of the method should be 

pa')~cd a') paralm:tcr\, POSTCiRES follow~ thls approach. 

4.3 Polymorphie lVlcth()d~ 

A progr.lI11 rnay have ~cveral methods wlth the ~ame name but dec1ared on different 

relatlOIl\ 'Ilm cm be Il \e fil 1 when a dlffcrcnt treatmcnt 1\ rcqulred for dlfferent relations, 

but the 1l1l'<lrllllg 01 Ihc rC\ldt 1., the .,dIllC. For examplc, ta calculale the prc~~nt value of a 

govcrnmcnt hond wc nccd 10 add Ihe compoundcd Intcre~t to lb ba\e value, and to calculate 

thc prc.,cnl \I,tluc 01 a C<ir 'Wc lIecd to ~L1htract the dcprCclatlon amounl from It~ ongll1al pnee. 

1 h.1l 1" p.rrl 01 the cOllcepl of polyl11orphl~m, Il ,t1.,o kdd~ to latc bllldlng .,lIlee al the 

cOll1pll.rlloll IlIlle the ,letllal I1lcthod naine cannot lw dCICnllll1cd. 

'10 Illlpkmelll thl\ tc.tturc \\C 111'1'd a "y.,tcl11 rclatlon, .Methods, where this 

Infollllatlllll \A. III he "loreL! Il ha., the !ollowlng format. 

.Methods ( .rel, .meth ) 
Investment Calc Present Value 
VehLcles calc-Present-Value 

- -

bicry lImc .t I11cthod I~ delÏl1l'd Wllh an 011 cl.lll\C. a tuple 1., addl'd to thls relatIOn. 

It 1\ po.,.,lhk to o\lerndc a .,uperl'la)~'s mdhod hy defimng a method wlth the ~allle 

name 011 Ihl' "lIl1cl<I"" A \ubcld"\ c,tn ~Itll acœ,,~ the ~urerl'Ia~,,'" method \\ Ith the hclp of 

,\ kl'y\l,ord 'liper l'Of c\amplc. ,\ Illclhod TralnHlg dcfllll:d for a Person clé1"~ ddermin~~ 

Ih~' 1l11111hl'r 01 \'l'.lr\ 01 po"l"cl'lmd.lry cducatlon III the Employee cla\'~ thl~ mcthod IS 

rcdelïlll'd tll tklLTllllIll' Ihe llull1hl'r of 11l-llOU\e trallllllg cour\l'\ <Ill cmployce ha\ completed. 

1'0 Ilnoke Ihl' Pel S"ll'" dcfllllllon of Trdlnlni] on ail Employee, \\C wntc, 

let LduCdtlO1l lu.' ~upl'r rrallllJlg(); 

rC.,tlll * \Lduc.lllOn] in l:mploYi:c; 

Whell .111 111\'til'allOll of <1 method M IS rcquestcd by proJcctmg vIrtual attnbutes 

de!Ïlll'd hy Ih.lt melhod Irol11 a rcldtlon R, the ~y~tcm ~carchc" the. Methodo relation for an 

IIH.lll'allllll th.ll 1\1 1" delïnl'd 011 R or olle of the ~lIpcrcla)\e~ of R. If method M IS Invoked 

\\ llh the ~lIpt.'r keY\\lHd, then the ~carch ~tart~ from an Immediate superclass of R. If th~ 
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search is sU('ce~Sflll, Il deterr11lnc~ whlch ddinttloll of M to lI'C (ltlll'rWI,l' the ~y,tl'll1 

aS!!Iumc!!I that the Illcthod IS gellcfI\.' An l'rror occlIr, If 1111'1 gelll'rt\.' n:l'thod l, Ilot lklïlWd 

Example 4--+, Mccharmm to Determine the AppllCàhlllty ot f\.ktlwd, to Rl'l,ltl(ln~ 

Glvcn thi.! rcprc,>entatlon of a Person 11Icr.lr~.'hy and a flllll'tion ded.ln'd lIlI .t '>lIhd.I'" 

of Person. 

.Hl.erarchy ( . Subclaes, 
Employee 
Permanent 
Temporary 

.Subld, 
Empld 
Permld 
Templd 

.Superclass, .Superld) 
Person Persld 
Employee ~mpld 
Employee En1l,Id 

functioll Calc_Sl'l11onty (curr_lllonth) on Lmployœ, 

rrturll (clirr lI111ntl1 - '.tart 1110ntl1), 

When the ,},ll'!ll rl'l'eIW, the declar,ltloll ul the Cale SL'lllonty 11Inl'lloll, the 

folhwlllg tu pie " m,crtel! Into the. Methods rdatlon 

• Methods (. rel, 
Employee 

.meth ) 
Calc_Senl.Orlty 

Apply Cale_SeI1l01'1.t.y Illethod to thl' Tempordry rclatlllll 

let curr_month be Il; 

Irt ~el1lortty be Cale_ScllIonty (curr_lllonth), 

Rcccnt_HJn:'~~ or- [Narnc. Elllplt, ~enlorttyl whcn' \enlonty < Î in 'Iclllporary. 

Dunng tllL' projectton of the sen lOt J..ty attnbute l'rom the rcldUof] Tl;rnpnrary, the 

,-,Yl,tcm rl'all/cd tll.lt 'lll.:e thl~ attrlbute l~ not ddïned 011 TernpfJrary lIor OJl It~ 

~upcrcla ... ,>e~. It mu)t he.t vlrtu,tl atlnbutl' relufIled hy the tUllcllOIl calc_SenlUrJ..ty 

The ~y"tem ched\, the .Methods t.thle to )ee Il It Cdll lind thl' tuple {T(~rnfJordrY, 

Cale SerllOrl.ty}. SlIlce thl'> tuple 1'1 not loulld, the \y"tCIlI \.'(11)1111, the .HlCrnrchy 

table 10 loclle the \upercla"" of Tempo!."ëtry, alld thel1 look, lor the !uple {Ern!Jloyü(2, 

cale_Senl.Orlty}. The ~lIcœ,»tul )earch provldc\ the 'Iy,>telll Will! tht: Intormatlon 

about whlch fUllctlon 10 exccutc 

• 
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... .4 Aigorithrn for Impll'Illl'iltation of l\lcthod Inheritance 

Il élrI Input l:Xprl'''''lon Iw, flll:thod InvocatlUl1\, rcrcat th~ followmg ~lep~ for each 

Indq)cll<lL'f1tly l:\dIU.ltl'd "ubc\IHl:"\IOIl lhdt ma!...l''' up the Input L'xprcv .. lon' 

• l!L'lcfJIIlIll: (Ill wlllcil LI,I""l:" tlll''>l' lI1\uhl'o Illl'llwd.., an: l.ktÏnl'd; 

• lintl dll tlll' "lIpl'rCI.l"\L'" 01 tlll' rl'l,lliOn" 011 v. h\ch llll'''>l' I11cthod\ art' 1I1\ol--cd; 

• vent y tlt.!1 ,dl tllL' llorq.'l:JlL'fIL ml'tlJOlI.., dfl' dclÏnL'd L'llhL'f on the Input relatIons, or on 

lhl'Ir \tlIK'rLI,\\\L'\. Il d mélilot! 1"> ddinL'd (Ill b(llh ,1 \ul)L'!a,,\ and a \lIpcrcla",>, choo\e the 

.,tlllel,I.,." 

• dL'll'rllllrlL' Il IlIl'rl' arL' ,illY all1ll1gllou<, mClhut! InVOl'atlon ... (1 C ,>ollle Illcthod<, are d~'fincd 

\ 111 1l1Pre IIl,\l1 Dill' I1r,III<..'1I 01 d L 1,1"''' hIL'r,m:h)), 

i\ppL'IHtl\ B plll\ Ilk., l11l1rl' tlL'l,lIh 01 llm aigonthlll . 

.... 5 l\h·thod 11l\()(,'ation On Ih'lational Expression., 

1 fp 1(1 1111\\ \\ L' Illl Ih't! al "II11PII.: l'\pre"<,lon), Il!...e a proJectloll from a relation, whlch 

dld IHII 11l\1l1\l' .111) rL'I,lllon.lI L"prl:".,lon c\aluatl~)f1 pnor 10 II1vocatlon of Ihe method. In 

!!l'lIl'I.t1, .1 IllL'llllld lk'1111L'd 011.1 Il'l.lllull L\1I1 be m\'oked on any expre..,~\On WhlCh contalll<, that 

(il\L'11 t\\O IL'I,ltloll\, Fnoployec-!ld,Emp#) and Returned_Employees(Emp#, 

,Lite _ l"L't urrwd) , Fmp] oyee (1 d, Emp#) bclongs ta the Person hlcrarchy in Example 

..\ t .• \Ill! n,'tUt"nerl_Employees 1'> an IIldepcndent relation, 

l'he dcflllilion of the .Itlnbute senlonty I~ found 111 the same example. 

Iid. "l'1110111)J in Imployœ ijoin Returned_Employees; 

Ccllc ~L'nlln"Lty \<., lI1\'nl--ed on the lIHermedlate relation that cantains the reslIlt of the 
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cvaluatwll ni the IJ01l1 oper,llwll. 

In detl'fllllnlng thc \,t1ldlty 01 thl~ In\O~,l!IOIl, C,lk_Sclllunl)' Illl'llhld l' Illl\!..l'd 

up 111 the .Hethods rcl,lIlon If Il 1\ lound ,lIld Il'. lMrl"plll1dlllg rl'l,ltllltl l' Illlpll\~l'l' 

or Employee"" \Upl'rl'I,l ...... Pt.?rson. OI'Returnf'd_.Emplù}C'Ps, thl'Il thl'Cdll' SC'nlullty 

dètinl'd on th.lt 11..'1,111011 1... IIl\'oh'lI III tlm L'\.\lllpk, thl' tuple 

{Employee,calc_SCI1100ty} 01 thl' .Methods rl'l,ltlOIl Idl, thl' \Y'1l'1ll III Il 'l' Ihl' 

tllnctll\11 Calc .. SerlLorlty dètinL'd on the Ell\ployee rL'I,ltlllll 

• 
'1 Il 1 ~ appw,ldl \lIggC\h Ih,lt 1 r more Ihan onc rl'l,lIl Hl III Ihl' rl'l,Ll 1011.11 L'\ Pll'\\lOI1 h.I' 

thc ~,II11C I1ll'thnd (k'til1l'd on Il or ally of IIIi \Ulk'rl'la"'l'Ii, thl' al11hlglllty \\ dl .In ... l' III onkr 

to a\'old al11hlgllltll· .... thl' 111l'tlHld tn hl' applll'" l11u\1 1)1..' IlklltIlIl'd. lm In\I,llll'C, Il, 

appropnatL' Plll)Cl'tIOll. 

F\al11ple ,f' h Al1lhl~lIlty Rl'\ollltlllll. 

(jlvL'n .\n 1 I1hl'rIt,ll1l'1..' hl\:rarl'hy ,llId ,1 llltkll'Ill Illlpkllll'lll,ltlon 01 thl: ,'lIl1\..·tloll 

calC_Sè?1110t"lty on \l'\'cr,tI \lIbcl,\\ ... I'\ 

.----' ,..---
,/ 

Pl'ro.,on 
(Id, N,II11L') 

,,/ 1 

-' 1 

Employcc Stlldcl1t 
(I d,E1ll pli , \t.Lrt _ d,Ul') 

Pc rlll ail l'Il t 
(Id, S,II) 

\ 
le 111 porclr)' 
(Id,hum.,) 

(Id,FIN rcgl\tr) 
- \ / 

/ 

J'ulI tlll1e 
(Id) 

\ 

Part tlll1e 
(Id) 

Club Illl'll1bL'r 

(Id, Yl'.lr IOlllcd) 

function Cak_SclllllrJty (clIrr _year) 011 Employee 

retul'lJ (curr 3L'.Ir - "tart_ ddtC); 

fUllctioJ) r'alc_SenIl1flty (curr_ycar) 011 Studcllt 

l'eturll (curr _ycar - l-Ir.,t_rcgl\tr); 
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f\llldion Lill ~~nlortty (l'lIrr_yl!ar) on Club_l11cmber 

n'tlll'll (UIrI'_ y~ar - YCdr_JOlncd); 

ï Ile d~tlllltlllll ut d Vlrtu,tl attflbute SenlOrlty J~ the ~allle a~ 111 the Example 4-4, I.e , 

Il'I \l:l1lonty hl' Calc_Senlonty (1991), 

ï 0 lïnd tlle I1llll1ber of year\ of mCl11bcr~hlp in the club of evcry temporary 

employee who 1\ dOIllg part-tIlllc ~tll(lle~, wc havc to Invokc the Calc_Seniorüy 

IllJ1l1lon 011 the Club m(;llIller cla~\ III order to aVOId al1lhlglIltle~, 

kt '>l'Ilionty Ill' Ctlc __ ~L'l1lonty (1 \)91); 

C1llh 1111.'11I11l'l IlltO" IN.IIllL"\1'J110nty) in 

(qld, '>l'IlIOrIty) in Club_llll:ll1b\.'r) ijoin Temporary ijoin Part_tIlne); 

1 krL' SI'Il1 ('1 1 t Y \\ li 1 Il.l\ l' tlle \ ~t1l1e retllrIlcd b)' the flll1ctlon Ca le_Sen 1.or lty defïned 

SIIL'li.1I .ltlL'ntlun \llOUld he p,lJd tu the fact that thc rc)ult of the evaluatlon of 

th\., IdiIIOIl,li L'\11rl''>'dPIl \lll \~llIch a method 1) IIlvo\..ed )hould have ail the attnbllte~ 

rCkIL'nL'l'd III tll.11 Illl'tlHld In Iim l'X.tlllpk, the Il1dhod Cale_Sen1.ortty lI\e'o the 

,lttnhlllL' Yt'dr_ ]Q1IWd \\Illch 1\ dl'tÏl1cd on the Club_member l'la») 

On thL' othL'f IUlld. to tint! the nUlllbcr of )l'ar~ of cxpcncnce of those 

tl'lllp(ll.lf) l'l1lplll)l'L'\ \\I111 arL' \tud)lng part-tll11l' and arc Jl1l'mhI'I~ of the club, a 

dllkrL'llt jlfllll'l'!1l1l11\ C\l'l'lllL'd, ln thl~ examplc, thL' Il1l'thod Cale SerlLonty, dl'Iincd 

lHl EIllI'IL1Yl'0, 1\ 11l\l)~L'd hl'C.1U'>C tlle JI1tL'lll"iL'dldtt.: expn:,»IOI1 contmI15. the attnbute 

((1 Id) in Clllb_ll1cmbcr) ijoin Tcmporary ijoin ([Id) in Part_tllne»; 

• 
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Chapter 5 

Collectioll Hierarchy and Sllb()bjects 

Th~ notion or thl: Itlhl:r1I,II1L'1: 01 altnhutl:'" and Illl:tlHlth, ,t1thllUgh pov.crlul. C.lIlI\ot 

rcprc~cnt the IS-PAR 1'-01' rl'l,Hllln ... hlp hdWl:l:ll OhJl'lh th,ll ql.lturn tlll' nOll\H1 01 ,UI ohJl'cI 

bCll1g part 01 <lIHllhl:r IlbJl'cI Along \\ltl1 thl' l~ A Il:1,ltlllll,,hlp. thl' I~ PART ()! Il'I,IIIOIl,llIJl 

1 ... onl' of Illl' lund,Ulll'lll,lI dal,l I1w(klllng Ullh.'l'ph 

~1.1Il) .Ippl1l,ltJon,,> rl'ljlllr~ Ihl' .Ihlllty tu dl'fllll' ,lIld 1ll.lllqHtI.tll' ,1 "ct 01 ohJl'Ch ,1" .1 

~lIlgk logIL',t1 l'IlIII) tOI Ihl' jlllrpo ... l' .... ut .... l·lll.\I1IIL' Illlq.!J Il) Wl' dL'lllll' .t colll'l'liH' uh.Îl'd 

a~ a Colll'CIIOl1 01 rl'lèrl'I1 .. .'l'" lU olhlT Ohll'l't" (po\"lhly 01 dlllL'rl'l1t d,I ....... n). Wllldi 1Jl,lhe up 

that L'oll\.'Cll\'l' obJl.'Ll ('lllkcll\\.' nhjl'l'b .Irl' groUpl·t! logl'llll'r Illlo colll'flÎH' da ...... l·' l'or 

cxamplc, Ihl' cid"'" Room hull! ... obll'l'h 01 cla ...... e .... ('nuch, rdl)!,', .ll1d ('h III 

l'hl: rulll>rtioll hit'rarchy 1: \ IH 1: ... ,)l'''' thl' I~ PARï -()I rl'l.tIIOI1 ... llIp Iwlwl'cl1 c1.I"'''l'' hy 

charactl.'mlll' (II cllllL~l'tl\'C rla" ... e ... " tll~ l\IPdClty tu hmdl!ctI ... 1 " J11l'''''',lgl' ln l'vl'ry ,uhuhjt·('t 

(I.e., ohlt:L'I Il1.1t 1 ... p.tft 01 thl.' colll'Clive obJt'cl) ni d t'ollecllH' cl.!,,, 

Exampll' 5-1 

1'0 lïnd the area of a Room that 1\ oCt'upll'd hy IlIrnltllre (the ... Ulll 01 the ,,,e ... 

01 difft'r~nt fllrnllurc Item ... \Il Ihe Room). a me ...... age CalC_Slz,C 1 ...... cnt \0 the R')(J!n 

colkctl\:e c1a ... ~, \\ 11I(:h III turn torward ... thdt me.., ... age to ail the \uhobll'Ch !ound III th.lt 

roOIll. SlIlœ ... ubobJcc\) belong tu dllferent ll"""'I:'. thl' IIll:lhod corre\pol1dlllg 10 Ihl' 

me5,~age ... cnt IlMy hav\.' dllkrL'llI IIl1plcmcnl'ltlonc., III l'very da" "or l'xalllpk, 10 

calcillale the ..,I/C 01 Ihe Couch, 11lltltlply lt ... Length hy Il ... W 1 dth. 10 dl'Ierlllml' the "le 

01 the Table, pertmm Ihe ca1culallOn that 1 ... appropnclle for Il ...... hape, 10 calculale the 

size of the Chal,r, '>quare Ih ba..,c . 

• 
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Thu ... whcn a mC ...... 3gc 1 ... ~ent to a collective cla~~, the mC!oI ... age IS Interpretcd by the 

collective d,I ...... and hy the Indl\ Idual \ubohJccl'I. The mechal1l\m of collectIOn worb In a 

"'lIll1lar W,IY 10 the IIÜIl'ntéll1CC IlH.'ch,UlI ... m, except that ln the collectIOn hll'rarchy the ~earch 

1 ... done lJl a do~ Il ward direction, ~ herca ... In the lI1hentancc hlcrarchy Il 1<; donc 111 the 

lIpward dm:ltlllll 

5.1 J)(lclaratiof1 of' Collection I1ierarchy 

A collcctl\ e da"l'l 1" detïned by a HASA expre~~lOn In a way ~lfmlar to the dec1aration 

of "'lIbcla\ ... e"l III the Illhentancc Illl'rarchy. 

l'x,lInplc 5 ~ Ikcldr,llIoll ot Culledlon Hll'rarchy 

The tollo\\lIlg Rcllx code 1!oI u~l'd to delïne a collective cla~s Room, whlch 

contain"l "IuhohJect ... ot cl.l"l'lc"I Couch, Table, and Chal.r. 

ROUill hasa COllch, 

ROUill ha,a Tahle. 

ROOfll ha ... a Chélif; 

• 
The colkctlon hlcrarchy I~ reprc!oIcntcd by a system meta-relatIOn .Collection 

( . cüllcctClass, . 5ubob]Class) whose attnbutes . collectCl3.ss and. subob]Class store 

the name"l of rdatloll"l When thl' '1y\tern reCClve~ a d~c1aratlon of a collective c1ass, as 111 

Exampk 5-:, It m'lerh a tuplc wllh the name of the collectIve c1a'l~ (the word on the left of 

the HASA \..cyword) and the n.une of the cla'ls of the subob]eCb (the word on the nght of 

the HASA \..cyword) 111tO the .Collectl.On relatIon. 

Exalllplc )-, 

The Rooln collective c1ass IS rcprcscntcd by three tupI es in the. Collection relation . 

• 

. CollectLon (.collectClass,.subobjClass) 
Rooln Couch 
Rooln 
Ro(>m 
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Another aspect of the repre~ntatlOn of cl colla:ttve cla!ls IS how to Include the actu.\1 

subobJects In the collectIve object Wc use a relatIon Subob)ectB (colleetId, eubobJ Id l, 

whlch comblTles the IDs of the collective obJect~ (collectId) and the Ilh of the ~llhohll'l'I\ 

(subob]Id) that makc up thd! \.'ollectlvc ohJect RcI.Hlon SuhohJe,-'t~ l~ .nalldhk to the mer 

to rnampulatc - to add and deh:te ~tJbobleC! IDs 10 the colkctlw ohle\.'1 ID hut the .\!tnbutl' 

name') (collectld and ~lIhobJIJ) are not allowed to be changcd hy the ll~l'r l'hl' u,>n 1\ 

responslble for updatlllg and keeplng IIp 10 d.He the Subob)cCb rcldll\lIl, hut II C.1Il1l0t hl' 

deleted. and no changes to m ~truc!urc (only two attnhlltes) arc allo\\l'll 

Example 5-4, 

The Room cid)) hd' chardctenstlC\ \llch a~ Length and Wldt h. etc bll'h pieu' 

of fllrnlture IS de ... cnbed ln a Furmtllre hranch of the l"hentanL'l~ hlerarchy 'l'hl' Cnucll 

class also ha\ attnbuh..''' Length and Wldth 1 he Table cl.\"" h.\" Intllrlll.\!IOn ,lhollt thL' 

type of Wood and the Shape of the tabk '1 he Cha l r da\\ \1)cl'JfÏl'\ the He LCJhl 01 thl' 

chaIr and the ~17e of the Base 01' the "C~lt. a~'Iumlllg tnat .111 d1.\If\ h,1\ e \qll.lfC '>l'.!I'> 

Inhcntann: Hll'rardl\ 

F li rlll t ure 
(FlIld. WClght.Pncc) 

~ \~ 

Roolll 
(Rold, 1 ..cngth. Wldth) 

Couch Table ChaIr 
(CoId. Length. Wldth) (Tald, Wood.Shape) (Chld,Hclght,Ba\c) 

Room (Rold,Length,W~dth) 

31 25 40 
32 45 20 

COo..lch 
(Cold,LeDgth,Wldth) 

1 15 5 
2 17 5 
3 18 6 

Table 
(TaId,Wood,Shape) 

Il Oak round 
12 P~ne square 

Chalr 
(Chld,Helgnt,Base) 

21 7.5 3 
22 7 3.5 
23 8 3 

Suppo~c lhat wc have two roorm, a wlde room ha\ one couch, an (Ml-.. tahll: and two 

chaIrs; a long room ha~ two couches, Od\-.. and plOC tablc~ and a 8" chaIr The 

insertIon of ail the paIrs of ID~ mto the Subob)ects relatIon )) ~hown bclow' 
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---------

Id colk<..tld br Rold, Irt ~lIbobJId be CoId, 

Suboh)I:Ch < + rcollcc~Idl "here Wldth = 40 in Room) ijoin ([~ubobJId] in 

((!Cold) "hrre Lcngth -= 15 in COllch) [Cnld ujoin Tald) 

(II ald) "hrrr WooJ = "Oak "Ill Tahle) [TaId ujoin Chld] 

(lChIdJ "ht'r(' HCIght < 8 in ChaIr)), 

SuoohJ\xt\ < + [eollcet/dl "hl'rr Lellgth == 45 in Room) ijoill d~lIbohJld) in 

((lCold) "hrn' Lcngth > 15 in Cuuch) [Cold ujoin Tald] 

(lT,dd) "hen' Wood == "Oeik. "or 'NOO<.! = "Pille" in Table) 

(T.-I[d ujuin Chld] ([ChId) "here HCIght = 8 in Chalr); 

. Collect 1.on Subob)ects (collectld,9Ubob)Id) 
(.collectClass, .subob)Class) 31 1 

Room Couch 31 Il 
ROOh1 Table 31 21 
Room Chalr 31 22 

32 2 
32 3 
32 Il 
32 12 
32 23 

• 

5.2 FUllctiOlUllity of Collection I1ierarchy 

The collcctl\l' cla,,>e'l tlrC ,>tored 111 the 1I1hentancc hlcrarchy. To dl~t1nguish 

l..'olkl..'llH' l'I,I'I\l'\ trom non-l'olb:l!\'l' cl<l\'lc) and ta Idcntlfy the c1a':>~cs of obJccts held In 

each l'olkl'll\c l'là"''I, Ihl' I..'ollcellon hlcrdrchy 1~ u':>cd. Thll~ l'very collcl,tl\e cla'i~ 1':> found 

111 holh Illhl'fll.\l1u: .l11d l..'olkclHll) hlcrarchle'l The collection hlerarchy rcfer~ to the cla)~e~ 

found 111 Ihe 11l11l'nlance hlerarchy 

III 111,\11)' \\.-1)''' tlll' t\\O hler-trchle'l arc \lmtlar. The dltferencc l~ that the Inhentancc 

l1lel'ilalll ... 11l \\nrl-.., ln the lIpv.,ml dm:ctlon, lookll1g for <,upercla)'lc<" and the collectIOn 

mt:challl'llll \\011-.., ln the dm, nw.trd direction, looklllg for \lIhobJcct<" 

ln Sel'lllll] 4.~ we hdW 'lhown ho\\ the keyword super 1~ ll~cd to accc~s the 

sllperdass's deftllltion of the melhnd thal IS dctined 111 the ClIrrcnt c1a~s. A sub kcyword l~ 

"'1I111lar ln thl.? ,w{Jer keyv.ord, but It IS u~ed to acce~,> the sllhobject's ùefimtlon of a rncthod, 

cvcn If that lllethod 1., dctïned on the collectIve elas'l. 

kt ~11l' IH' ,lib Calc_~l/c(); 

PO\"lhk_fllrnllurc_~lles ~ [RoId, ~ilC] in Room; 
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The r"llbobJ\.,\.·t ID" l'.in b~ Proll'\.·k'd tog\.'ther v. Ith thé hrll.ld,\.\t\.'d !I1l'tfll.ld\ ro .\\\Hd 

confusion (a'l ..,Ubl)hJc('t cla\~c~ Illay h;l\.C dJtlcrcnt ID tÏl'Id\). thc ID\ 01 the 'llh(lhJect, v.dl 

be proJcctcd lIndcr the lield n.lInc '\lIbnbJld" Subob)Id .... dl hl' ,Ill ,111,\1, lll" the ID n,\llll". 

otherwl~c. any duplt .... ate v,tlUI'\ rdllrnl'd by the Illl'Ih(lo .... \\111 hl' IglWfCd 

5.3 Int~rprl'tati()n of l\ll'ssagt's St>nt to a Collrctin,' Cla~~ 

Whell a mcthod 1\ dpplled ln d L'olkctl\e \.·1.u.~, ,('ver,1I pO'\lhdllle, .m\e 

1) the Illethod I~ deflneu 011 the l'ollcctlve cLI""'" no hro.llk.l\tlng l'i perforllll'd whelhef 

or not tlle llletllOtI 1) dl'tincd .d,n on Ihl' \uhohll'L'l\: 

2) the Illl'llllld 1 ... Illlt ddlllnl on the l'ullCl tl\e l·I.I ....... hro,ltk,l ... tlll)! (ll'l'ur" .tlld tlll' nll'thod 

1'> proll'L'll'll lrom tlllhC ... llhllbjl·d ll.I ....... l· ... !Of \\111,11 Ill'" dl'llllL'd, 

.~) the metllOd Il,11111: 1 .... prdi\l'd \\ltll thl' hq\\ord \lIh .... IIllé .1 ... \..I ... e 2) dhove, L'\'l'II Il 

th.lt Illetlwd 1 ... lk'fllll'd for thl' l'olkLlI\l' ll,I ....... tlI,' Illcth~)d 1 ... Ilot IJl\'ukcd Oll Il 

ln \tllllmary. bro,ld .... ,\'>tlllg 1 .... pcrlorllled If .IIlIOII)! tlle lllelllOth ,Ipplll'd 10 ,1 d.I ...... Illl'fC 1\ .II 

ka..,t l'ne IlletllOtI \\ !liL'1l edhl'f 1\ calkd v.lIh the ~ey\\ord \lib Uf 1\ Ilot dl'lilled 011 the cl.I\" 

to wl1l(:h 11 \\ a .... .tppIIL'd. 

Exalllpk 5-) 

'1'0 J1lu\tr,He the fir\t and thlrd ca\e, lind the free area of a roOIl1 (molli \ll'e 

the ~tlm of the \17e~ of tlle furf1ltllre lT1 the roOI11) '1 hl' mctllod Ca l C 81/P 1\ ddïlled 

on both the Room da" ... and the ... ubobJect Lla,> ... c~, Couch, Tdb 1 e, ,lIId Chal r 

fll Ild iOIl <- ',tic _ ''>Ill' () 011 Rot) III 

{ rl'tun) (LclIgth * Wldth) } 

fllllction Cale_'Mc () on Couch 

{ r('turn (Lcngth * Wldth) } 

fllnl'lion Cale _ '>l/e 0 on Table 

{ arca - if Shape = "round" the" 100 el~e 150; 

return (arca) } 
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fllmtioll (alL_'d!C () 011 Chair 

: rl'tllrll (Ba,e '" Helgllt) } 

Id ,Ile Rllorn hl' Cale _\1 !eO; 

Id ,,"c~llh Ill' ... lIb Ctlc _ )I!eO; 

Ikre n l zePI)CHn l, gOlllg 10 holt! the re~lIlt of the 1J1\'OcatlOn of the Calc_s~ze method 

(Ill 1111: t{C')OI1i Cid.,.., S l Zf2Sub \\111 hold the re~lll t of thr.:: InvocatIOn of the Ca 1 C 6 He 

lIlethod on tlle \u!Jo!JJech of the Room cla\,. The only way to Invoke Calc_size on 

the ,>uhllhlel·t,> 1" \VIth thl' help of the key\\ord slIb 

To tintl 11I1' llllUpll'" .If Cd of the ruom. lI)e the equlvalenœ n:dllctlO!l that SlIlm 

,III IIIL' "'1/L'~lIh ,1111 il III !l' \ ,II li l'''' Illr 1',ldl mOlli ID We nel'd ln proJect thl' ID~ of the 

"u!Jo!Jjl'lh "U .1\ I1pt tu Illll)l' ,1IlY dllpllL'<lIc ""C'> SU \\e proWL't the subob] Id tield. 

WIIL'II IllLlhlld hru.llk'.t)lll1g OL'l'lIr", the "'y,>lem rn,ü.e" thl" lil:IJ é\vdilable to be lI~ed as 

,1 rL'fLTL'I1L'e ln tllL' II)" of ,ul1nhll'CI,> ()ee Example )-7 for ddalh of Il'> generallon). 

Id tiLT _.m"l Il{' "1/L'ROUIll -- (l'elui\' + of ~1IL'Sub h) Rllld). 

hel' "p,ll'e ~- [Ruld.trL'l'_an:a] in (rRold,\lIeRoolll,~LlbobJld.~lleSubl in Room); 

• 
1 \<llllpk :) (J 

'1'0 IIlu..,tr.ltL' the "'L'l'ont! case, comlder a method, Heaüng __ cost, defincd on the 

Rc)(lIn l·I.I .... '. and a Il1L'1hod, Present_vdlue, ùctincd on the couch and Table c1asse~. 

Id 'k,ltl11g Ill' Ik,ltllll! __ CO\tO; 

let V.!luc ht' l'rC)l'IlI_\,tlucO, 

h,llu.IIHIII· 1 Rl1Id.lkltlllg, ,>ubob,fd, Vaille] in Room; 

l'hl' I11l'tlHld llcat lnq_ cast \\ 111 not be broddca~ted ~incc it is defined on the collective 

L'I.I\'. Tlw I11l'thlld Present_ value l~ gOlng to bc broadca~tcd to ail the c1a'ises of 

~ubllhJeL'I,> \\'11110111 the help or the slIb J..c)'word bccall~e Present value is not defined 

on tllL' l'olll'l'!I\L' L'la..,,,. but only on the ~ubobJcct cla~~es . 

• 
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The follm\lI1g cxal11ple dCl11on~trates \11 gener.ll term~ l1ln\ <l Id,ltIOn.ll e\prc~~lon 

WhlCh contall1:~. a combmatlOn of .111 threc typc,> of rnethod IIl\O\.. .. 1I101l\ l' tr.U1,tormco Intll 

an expr~~~lOn \\ hH.:h l'an he ('\aIU,lled lI~lIlg the tedHllquc, dl~cU\,ed III the prc\ 10U .. dl,tpICr, 

Examph: 5-7. 

Gl"cn Ihe followlllg Input expre~\lOn~' 

let 1111 hl' mcthod 1 (), 

Il't Ill::! hl' methoo2 (): 

kt nd br ~lIb Illethod~ 0: 

R ~ IId,1l11,\lIbobJld,m2,m~) in collcctl"eCla~,>, 

whcrc methodl 1\ dl'lïm:d 011 Ihe colleCllvl' l'l.!\\ collect l.veCla8s, met hud2 1\ ddllll'd 

on the cla .... e .. SI ,1Ild S2 of \lIbobjecl .. of collect l.veClaoo, and met h~)(iJ 1\ ddïllcd lHI 

hoth the collectu/eClds5 ,md Il', \ubobJcct Chl\\C" SI and S2 

Output cxpn~\\lon' 

R +- [Id,1lll ,"lIhob,ld,m2,Jll)1 in fl-I) 

(lIl1,1ll11 iJl collectl\ cCla .... ) (12) 

[Id ijoill colb:tldj Subobjcct.. (1 ~) 

ijoin (bubobjld,1l12,Jll3j in (14) 

((! Id l ,m2 , 111 J Jill SI) [I dl, m2 ,n13 uj () i Il 1 d 2, m2, m31 (II d ~ , 1112 , III \ 1 i /1 S 2 ) , (1 ')) 

1-1 l~ the ongln,lI proJcctll)1l 

1-2 IS a re\atIOl1al expn.~ .. \)on on the collect1.veClass, \1I11I1ar to the mpllt expn'\\)oll 

bul contallllllg only attnoule<, and method\ ddïned on that da .... , Ihu\ It C<ln Ill' 

evall1al~d a .. de')\.. ri o~d 111 prev IOll\ ch.tpter\ 

1-3 l~ nccded to 'Ielect only the ID .. or the 'IuhohJcct .. 01 collectl.veCl aSD. 

1-4 get~ the ~ubobJcct ID~ and the re ... ull'l of the Invocation ul llletho(h 1112 and 1111 011 

ail ~ubobJect\ 

1-5 lllvoh.e .. mctlJod~ m2 and m3 on cach ~lIbobJcct cla~~, and thL'rl !OIt1c., the re~ultc., 01 

thc~e lIlVOcatlon<, 

• 
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5 ... Aigorithlll for Implementation of l\lethod In\'ocation on CollectÎ"e 

Cla"l'''' 

(11\'l:rl an III put expn.~""'lOn whlch lOvolvc~ ITlcthod invocatIOn on the collectIve c1a~s 

culll'c.t l "celass, 

Ill" n:prc",cl1t mcthmh ... ume uf whlch may be dcclared with the sub keyword . 

. 
DCICflllllll' \\ h Ilh I11cIIHld ... are .lppl!cablc 10 the collectIve cla~'i, and which on es need 

to hl' brnadca"'lcd tu "'LlhobJed~ If therc arc no mClhod~ to be blOadca~ted, then the lI1put 

expre ...... Il111 l,Ill Ill' l'\,lllI,lll'd ,h dc,rnbed 111 tlll' prc\'IoU\ chapter ... 

Rl'I.IIIOIl,d l'\ Pll'''\llll1\ \\ hl~ Il 111\ ulvl' Illl'Ihod broadc.l,tlilg cannot bl.! cvalu;lll'd 

dlll'L Ily '1l1l'Y ,\Il rl'pldLL'tJ hl' .1 ,,~ \ll'Ill gl'l1erdtcd output cXpn?""lon. WhiCh l'an be cvaluatcd 

U,lllf' ll'Lhlllljlll'\ dl\LlI\\l'd 111 tlll' prl'\ IOll, lh,lptcr" l'hl'n.? <lrc thrl'c l11~l1n part~ to gcncratll1g 

the Olltpllt nprC"'dlll1 1 \,II11I)!c .;; 7 I1111"trdte ... Ihl ... algoflthm. 

'l'redtlIll'lll ot the lulkltl\e lld ...... 

"II1t1 tlIL' dltrdHIIl'~ ,1I1d 1l1l'lhod ... ddined on the collectIve class. Generate the expressIOn 

t II r 1 Il l' loi kl'II \ l' l 1.1"'" (1-:::) 

1 111t1 Ihl' Illl'llIlld ... 10 he blll,l\k,I ... lcd, DetermInc the ~lIbohJect c1as~c~ and thclr ID tÏelds. 

"ur l\llll \lIbllh 1 l'LI ~: 1,1 \\ ~l'l1l'rate a pr~)Jcct IOn 01 1 t~ ID and the re~lll t~ of method 

IIl\'Ul .. \IHlll\ ('ll',lll' ,1 lIlllOl1 ~ll thl')l' proJcctlnl1~ (1-5) 

, (Il'Ill'r ,IIHll1 01 tlll' output l'\Il)"l'';\llll1 

BllIlg tOt'l'llIl'l 111l'llIlld 1l1\ Ol'atIO\1) un the collectIve clas~ and on its sllbobjects by 

\l'll.'l'llllg Ille ,ll'lu,tI \uhobll'ch l'rom the ':.uhobject classes (1-3). 

1 01 dl'l,IIl\ (lI Iim ,tlg(llllhlll. "CC Appendlx C 
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Chapter 6 

Conlparative Study of the Objective-C 

Implenlentation of Gedit and Its Proposed 

Irr)plell1entatiol1 il') Object-Oriented Relix 

'l'hL' pllrpo"L' 01 tlll~ Ch,\pkr 1'> to i1lu,>lrdle how lllL' ohjl'rt Orll'lllL'd k,IIUIL''' dl\rll""'l'd 

il! the prL'vlou" cl1'\Pkl" .trc' lI\l'd III ,In appllc'atlnll progr,\l1\. 'l'hl'> l'Il,lpler gIVC\ l'\,IIIlPIl'" 01 

• addlllg 1lL'\\ UhlL'L'I<' lu the hll'larcl1y 01 cla",>c" (opL'r.ltIOI1 "cn,\IIIOIl or ohled"" tlil Il 12:); 

• applylilg a Il1l'tl1~lll tll tllL' colll'l'tl\C cla",> (funclloll Dlsplay (p 116) III tl1l' 01,l'ratIO/l 

"cre.lllOn or OblL'Ch"), 

• ll<,rng gCI1L'f1C I1H21111l<.I" (Iullctlon Draw_hne (p 117) III thl' operation "crl'atlllll of ohJl'd<,"): 

• lI'>llIg I11CtlllHh \\'11Ich arc dcfilled on ,\ "ubcla,,", and wlllch refelellce IllhL'lltcd attnbulL''', 

(fllnctIOI1\ OH>1"lal" Dl-Fl\,,_tr-ùITIO on p 117), 

• lIIxl.ltlllg.\I1 Inhl'rltL'd .!tlilbute (opcl.\IIOIl "~eiL'ctIOI1 of "l'veral oll/ech" on p 12-1), 

• lIl\'Oh.ll1g .l pnK'L'tll.lrc (procedure Move_GD] (p 117) III the opcrdlloll "IlIOVIllt', "ckrtcd 

obJcct~" (p 125)), 

• call1llg a ~lII)L'rcld\) proccdure frolll a ,>ullcl.!,>" procedure (procedure Muve nhJ); 

• applylllg d proCL'dllle to a '>IIl)",L'1 of a Lia,>,>, wl1ere tlle )clectlo!l 01 al kclcd ollJL'ct,> 1" dOliC 

Ollt~ldc the procL'dure (plOcedure l-lnveob] 011 the Gr-aph~cs cl.I'»); 

• applyll1g cl fllllCtlOIl to cl )llh\ct 01 d Cl,h'>, wherc the ,>ckellon of altel'tcd obJect", 1'> dOIlL' 

1t1'>ldl' that flll1ctlull (llIilClllll1 1)I-a',ISo1 f 011 the CrJnst rëll nts lIa",> (p 117)) 

hr..,t, \\ e pl L')L'llI .1 \1101 1 t\llOnal on the Graphie" EdItor (tjcdll) to 11Itroduu; tlll' 

rcader to the h.l'lIC opelatlOll) pro\'lded by tlle edltor SectlOI1 6 2 oulllllC" the Illalll 

ch~ractemtlc~ and COIlWlelclllllll'> n:q\lIfed by Ille Ob]ectlve-C Implementatloll of the (jcdlt 

III the NeXT cn\'lrolllllL'llt S"L!lloll 6.3 propmc,> how Ged!! l'ail he Illlplemenll'd III ObJe(l 

Onelltcd RclIx, 
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6.1 Graphies Editor Implemented in Objective-C 

The Graphies Editor (Gedlt) is implemented on L'!e NeXT machin!' [Huxx91]. Il 

allows US to create ~Imple objects like point, drcle, polylines and polygons. and to apply 

constnunts to them. In the f0110wing seetlOn we will demonstrate how to manipulate obJects 

in GedIt. 

6. LI Introduction to Gedit and a Short Tutorial 

Gedit consists of three main components: the menu, the Object and the Constraint 

Primitives panel, and the drawmg window. When a Gedit is first invoked, ail ils 

components appear as follow'i. 

The top 6 icons of the Pnlllitivcs panel constitute an object factory and allow the 

creation of obJects likc clrc1e, polyline, polygon, point and text. The bottom 12 icons 

constltute the constraint factory and are used to impose different constraints on objects. 
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6.1.1.1 How to Create Objects 

Creation of an object is done in two steps: a) selecting the corresponding icon from 

the Primitives panel by c1ickmg the left mouse buton on it, and b) drawing the object in the 

window. 

Let us create a circle. Click wlth tht': left mouse butlon on the eirele ieon. The ieon 

becomes highllghted (ilS background is white). Each subpanel of primitives -- object factory 

and constramt factory -- car. have only one selected ieon at any time. Now move the cursor 

to the drawing window. Press the left mouse button down where you want the center of the 

eirc1e to be, and drag the mouse until the desired radius is reached. At that point release the 

button. 

O· 
• • 

You see 8 dots arollnd the cITcJe. They show the frame of the circle. Every object in Gedit 

has a frame -- a rectangular region enclosing the object. A frame displayed around an object 

indicates that elther the object has jllst been created, or it has been selected. 

89 



To create a point, use the mouse to select the point kon in the object factory. 

Position the mouse on the desired location of the drawing wmdow. Then make a single cli.:k 

with the left button (press the button and release it immediately). 

a 

Notice that the frame around the circle has disappeared. Now the frame around the polOt 

is shown. We can draw several points by cJicking in diffe-:-ent places of the window. 
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· ., To draw a polyhne, ~elect a polyline icon with the left JjuL~on. Position the mouse 

on place in the drawlflg window where you want the first vertex of the polyline to be. Click 

the left button once. Press the left button down, drag it to where the first iine segment will 

end, and release the button. During the dragging proc,ess the line segment is drawn from the 

previous vertex to tre current cursor position to aid the user in determining how the line 

would look if the button were released at that particular moment. 
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Repeat the proces~ of pressing the button, dragging il and releasing il, until aU the 

line segments of the pùlyline are created. The last vertex is slgnalled by a double click on 

the left button. When Gedlt receivcs the double click, t! completes !he creation of the 

polyline and draws a frame around il. 
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1 
A very similar procedure is used for creating a polygon, with the difference that a 

double click at the end of creation connects the last vertex with the first vertex, thus c10sing 

the polygon. 

• 

• 
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6.1.1.2 How to ~Iect Objects 

Object sekctIon can be performed only \\hen the arrow lcon of the object factory IS 

highhghted. ObJects are selected for such operations as movmg, zoommg, resllIng,. 

removing, etc. To select an object, clIck the left button anywhere Inslde the obJcct's frame. 

Below we show how the sereen will look after the left button IS released. 

O· 
• '.J. 
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-----------

Several obJects can be selected at the same time. These objects must be inside or 

intersecttng a selected regloii ln the window. To select the reglon, press the left button 10 

one corner of the reglOn and drag the mouse untt! the op{Y.)slte corner is reached. Release 

the 1utton. 

Below wc show the selected reglon; the 1eft button is not released yet. 

i----------~--------l 
1 1 
1 1 
1 1 
l , 

L _____ : ____________ ~-j 
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i 
Now release the button and ail the ohJccts 10 the selected rcglOn are seh.'~ted. 

O· 
• • 

a 
• a.",. 

" \ /' 

." . 1 
• • la 

, . ' <0 
. , 

~'-'I- ~T .. 
• • • • -- ., .. 

~ ,., ~ .. • • • 
. 0 • 

',.1/- • -.X. . .. 
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l 6.1.1.3 How to Move Objects 

Moving an obJect or several obJects I~ done in th.ee steps: a) select the obJect(s), b) 

press the left button inslde the obJcct's frame, aud c) drag the mouse in the deslred direction 

As the cur~or moves dunng the draggmg event, the obJect moves with Il. Releasmg the 

button Indlcate~ the end of the movmg process. 

O· 
• • 
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6.1.1.4 Ho\\ to Use Constraint'i 

We can Impose sorne constramts on obJects or pans of them. For example. H mlght 

be necessary 10 mak.e t .... o adJ_Ieent Imc segment" of a polylme perpendlcular to one olher 

This IS done wlth the help of the CLlnstramt lcon of the spcclfi eû type Cons!r.l.1nt Icom h.ne 

from 1 to 4 arm~, WhlCh are connected to the vertICes of thl' ObJCCb tn oc comtralllcd III 

the prcvlOus exampl(.', the "peq)el1(lIcular" comtralllt has 4- arm~ the tïr~t t .... o <ire for the t'nd 

points of the fir~t llI1c ~egment, and the second two are for the cnd pomh of the ... ccond hlll' 

segment. There are Il dlffl'rcnt comtramt Icons m the comtralllt t,lctory '1'0 dll'lly a wtUIl 

constraint to an obJcct, ~elcct the corre~pondrng con~trarnt Icon fwm the c\H1 ... tr.lIllt f.tdory 

(by chckmg on Il \ .. ,lth the Idt outton) and place that Icon ln the wmdow (by l'lld .. lIlg on the 

deslred spot wlth the nght hutton) Any ~llh"'l'qllcnt ng.ht hutton Clll.:\.,'" Hl the .... Indu\'. \'.lil 

crcale new Icons of that type. For example, ln the plcture hein\'., the nght hutton wa ... 

chcked tWICe m the wmdow after the parallel constramt wa ... .,ell'lleo from the ~OI1 ... tr,lInt 

factory 

~ 
f7 

~ ,.- .-" ,,l' /.» ... // ~h 

0 ',' ~ :® 
• 

't: • 
Quit " 
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• • 
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To enforce the constramt, 1tS arms need to be connected to the vertices of the objects. 

The arms are located ln the corner~ of the constrdint icon. 

arm 2 ~ arm 3 

arm 1 ~ arm4 

Arm 1 1') In the bottom left corner of the Icon. Arms are numbered 10 a clockwise 

direction and are ~hown wlth a dot H' tlle corner of the Icon. To connect an arm of a 

constramt leon, pre.,., the nght button down on or around the correspondmg dot, and drag 

the mou~e 10 the vertex of the obJect When the vertex IS rcache<!, release the button. 

Rcpcat the procc~s unul ail the arm~ hë"e been connecte.d. When ail the arrn connectIOns 

have bren e~tablt\hed, the COIl\tram! IS enforced . 
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To move a cùnstraint, the arrow ieon should be selected in the"' constraint factory. 

Follow the same procedure as that for movmg obJects As the constraint IS movcd, the arm~ 

f(;main attached ta the vertices. 

o 

10 • 

• • 
X 

• • 
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6.1.1.5 Invocation of Operations Through the Menu 

Sorne operatIons can be invoked only through the menu. Here we discusl) the "Hide 

Ali Constraints", "Show Ali Constraints", "Zoom out", and "Zoom in" operations. 

How to lIide and Show Constraint Icons. 

If we do not want to sec the constraint ieons with their arms in the drawing window, 

but wc still want thcm to be enforced, we can hide thern temporarily. To do that, select a 

option in the main menu by c1icking once on it with the left button. From 

a Constraml submenu select the II!fii':A!iJŒ7Tloption. The result of that operation is 

shown below. 

The hldden Icons can be redisplayed by selecting the "Show Ali" option from the 

sarne menu. 
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How to Zoom out and Zoom in Objects 

Graphical obJccts can be zoomed out. This operation takcs selected object(s) and 

halves them in size. If more than one object IS selected, the distance between the veniel'''' 

of the selected objects and the midpomt of the rectangle encompassmg them IS al~o doubled. 

To zoom out selected obJects. follow these steps: 

a) select one or more abjects l!1 the drawmg wlndow, 

b) calI up the Arrange submcllu by chckmg once on thc Arrange optIOn ln the mam menu; 

and 

c) select the Il,,, 2' ,.;, ,< ' ,( 1 optIOn from the Arrange submenu. 

As a result we sec Lhat ali the obJect~ ln the selectcd reglOn become smallcr 111 Sile. 

3 

r 
QuIt ' 

~. U 
.a ~i 

• • • 

To achleve an enlarglllg effect, zoom the ~clcctcd obJects ln by se)c('tll1g the 

1)< ,2 ".,~ ',.,;;';Jij;:ij,r. option ln the same menu. 
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6.1.2 Summar)' of tlw Ba"jc Gedit Operations Described in the Tutorial 

Below Wl' glve an outil ne of the sequence of mouse clicks and drags necessary to 

complete each of the operatloll'l described in the above tutorial. 

Creation of' an Ohjcct 

a) Sclect the dC\lrl?d ICOll froll1 the obJect factory by cIicking on the lcon with the left button. 

b) ('rcate an O!Jll'Ct 111 the drawlIlg wlIldow by a senes of Ieft button clicks and drags. Each 

type 01 ohll'l't IL'qlllrl''> Cl (lIfkrent lieqllence of mOllse movements and/or clicks, 

\lIl11ll1.trI/Cd twtu\\' 

• pOIllt. CllCl- OIlLl', 

• circic. crl'tlte the Cl'l1ter by prc~'>lIlg the left button down; drag the mOllse till the 

de\ired r.ldlll\ 1\ rl'ached: then rclez,se; 

• polylllle and polygon plaœ the tir ,>t vertex by clicking once; press the left button 

clown 10 prep.lfe to pl.Kc the ne;..t vertex; drag the mou se untiI the desired position is 

reached; reka\l' the buttoJl to crl'ale th\.! vertex; rcpeat the process of creating vertices 

untt! the la\t \'Crtcx 1<; cre.lted; double click to IÏl11sh the obJect creation. 

Creution of a Constraint 

a) ScIect the dC'>lrcd ICOIl from the constraint factory by c1icking on the icon with the left 

hutton. 

b) Creatc a con<;tnunl ln the dra\\'\I1g wlIldow by a single right button click on the desired 

llll·ation. 
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Connection of tht, Anns of tlw COllstraint 

Repeat the followll1g ~tl:pS for cach arm of the comtrall1t icun that ili to he connccteli to thc 

abjects in the drawlIlg winclow: 

a) PO!',ÎtlOn the cur\or 011 the dot corrc~pondlllg to the arm t\.) be connected and pre~s dO"'1l 

the nght button; 

b) Drag the mllll~C to the vertex of the obJcct to wlllch the arm will be conlll~ctcd; 

c) Re/ease the blltton \vhcn the wrtc.:x IS reachcd. 

Selection of an Ohject 

a) ClIck the left bllttlln on the arrow 1eon in the obJect ractory. 

b) Click the left buttol1 1Il'lldc the obJcct to bc sclcctcd 

Selection of Several Ohjccts 

a) Click the !cft but ton on thc arrow leon in the obJe~l t~lctory. 

b) Wlth the (,llr~or Itll',ltcd III a corner of the reetangular regJ()f1 contallllllg the obJCCh to he 

sei~c!cd, prl~~'> the krt bllttOll clown. Drag thc I11OU'le untd thl: OppO'lltC corner of that 

reglOl1 is reachcd, alld rclca,>c the bllttOI1. At thl~ pomt ail thc ObJCC1'l who,>c l'railles 

ov~ildp the !',clcctcd reglon arc !',clccted. 

Selection of One COllstraillt 

a) Clkk the Icft button on the arrow icon ln the con"tnunt factory. 

b) Click the left button lIl<;iclc the con"tralllt ieon in the drawmg wlI1dow. 
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I\foving Sl'Il'l'h-ci Ohject~ 

a) CIId. tilt.: ktt UlIllO!1 OJl the arrow icon 111 the obJect factory. 

b) PIC~\ the Icft button clown 1I1\ldc thc framc of one of the selected objects, drag the mouse 

to the new location, and relca<,c the buttùn. Ali the selected objects will h~ moved at the 

<,allle tllne 

Moving Sclected C()Il~traint 

Pre~s the left button <!own on the selccted constraint icon in the drawing window. Drag the 

1ll01l~e tn the new location and relea<,e the button. 

IIiding COllstraints 1 Showing Constraints 

a) Click the Idt button on the Con~tnllnt option of the main menu. 

h) Click the !eft Imtton on the appropriate option of the Constraint submenu. 

Zoorning Selcl'tcd Ohjects 

a) Click the Il'ft button on the Arrange option of the main menu. 

b) Click the Idt button on the appropriate option in the Arrange submenu. 
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6.2 Obj(lcti\'('-C EIl\'irollllwnt 

The IInplcll1Cllt.\tlon of GCL!lt I~ ~ll1lplltïcd by the f.lct that It 1\ wntten III the Nt'X'!' 

envlronmcnt. The Nl'XT cm IfOlllllCllt ~lIpplll'~ "nlllc C0l11111011 l'la~"L'~ TIlt' l·la".,c\ ail' 

hnkcd togcthcr III a hlCf,lI chll'al tlcc \\'Ilh ObJl'l'I CI.I"\ at Ih nlnt Fal:h cl,I\\ 1I1111.'nh Ihlth 

1I1stanœ varI,lbk\ al1d Il1ctlll)d~ 110111 It~ :,lIl'crl'l ,\ ...... l'\. Any ilL'\\' U"l'r dclïl1~'d ~·I.I"'''' mu\t Ill' 

Imked to the hlcf,lrclly Ily dcdullIg It~ ~upCrCI,l\" 

The tI1hl'nldl1L'C of 111\t.\lll·C \'an,lble~ llle,llI\ [hat the ~lIhcla,,\c~ do IHlt h,l\'t' 10 dccl,lfl' 

those variable tllc 111 "l'I \'e'l -- thcl r cl Cl' 1,lrat 1011 1'> 1 III pli C IL S lIlec cl,l'>\ In\t,lI1l'e" \I1her! t 

vanabks and Ilot V.tlllè'i, è\ CI Y 1 mtanl'e of the ~al11e l'la\'I ha~ 1 t \ o\\'n copy 01 a Il tltc 1Il\t;UlL'l' 

vandble~ dcclaTcd lor the cl.l\\. tlltl" l'ach ObJèct clmtroh ih OWIl d,tla A \ullL'l,t\\ call1lot 

overnde ail 1 n hcn ted III \l,IIlCC \',m ab le 'l'lm Illl'am that a .,1I[1el,I\\ l'al1not dl'cl,lrl' a Ile\\' 

variable wlth the ",\111C Il ,\1 11 L' 

Internall)'. ,\l1 OhJl'd ID 1\ a pOlllter to th~ data \trul'tllrc that colltalll'i ail the lIl'ltance 

variables of that ObJl~Ct 

The NeXT l'1l\'lronllll'nt sllpplle~ .,Ollle IInport,l!1t fUlll'tIoll'i Whl'l1 a "11101l.,C (loWIl" 

event oeems, the NcXT Idèlltlflç~ Lhl' obJecl on whlch the l'm"or 1" PO"ll1ollcd .md ~cnd~ the 

"moll~e down" Illc\\a~l' to thal obJçct For ex.l1nple, ""hel1 thç ngllt 11101l\e 1\ pre'>'>l'd on thl' 

cOl1stramt Icon, the "1111HI\C dO\\'I1" 1l1c)\agc 1'> ~ènt dll"~cLly to thdL COn\tré\l1l1 ohJcct 

In ObjcctIw-C ,l Illc,>\age 1) \l'l1t to the lIidlvldual ohJl'Ch '1'0 '.end a IIll'\.,age tu 

some or ail Objl'Cb uf a c],\.)\, the ID\ of thme ohJcct~ arc addcd to an lI1'.tance of a Il.,t c1a,., 

and the mcthod I~ pCllorlllcd 011 ail the clement,> of that lI"t obJcct lledlt ll\C' [Ince Il,,1\' 

Glist, 10 hole! the 11)\ and 1 rd IllC~ 01 ail the graph Il',tl obJccl\ dl'flllçd 1 Il the W IIHlow; C[ist, 

to hold the ID'i of aIl the COIl\tlalllh cletïned 111 the ~y\telll; and Slist. tn hoid the ID', of ail 

selected objecb. 

6.2.1 l\fethod Inheriblllce 

An obJect can IIlhcnt bl'haVlOlir clctïncd for Its cla,>." and for Il,> \upcrcla".,es. In the 

mhentance of bchavlOur (IInllkc the IIlhcntancc of lI1\tancc vanable)). an obJect doe., not 
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kœp a copy of metlaHI.., th.!t wcre dctined for Its c1ass or for ilS sliperclasses. The object 

Juc.,t dCce..,<.,Cc., (or e,II"') till'ill wl1cn Il rCU..'lves a Illc~~age requesting that method. When an 

ObJl'Ct n:œlvc<., a ll1ec.,<.,.I!;l:, the "'y~tl:1ll c.,earchc~ for the rcquestcd mcthod ln the elass's table. 

If the llletllOd 1'> IIO! round, tlle ~yc.,tl:1ll ~earchc) for It ln the obJcct ~urC'rela~s's table, and sa 

on, up to the mot, Ohlcct ela..,.." t.lhle. Once the mcthod 1) found, the ~y~tem passes the 

obJeet' ... m ... tance Vdrl.lhll' to the Il1cthod and In\'oh.e~ the l11ethod. 

'1 herc ale tlllcc .\.1)'''' to II1hl'flt '>lIpcrcla~,>'s Illctl1odll: 

• Simple ill"e";'fIIlcc \lIhela<.,<., u,>e.., ail the methocb dcfincd ln Its superclass. 

• P11I1illl inhen1ullce :\ Illvtllod dcflncd III the ~t1pcrcla~1) may cali another method for 

whleh tlle \carlll \\ III ..,t,1l1 l'mm the ~ubclac.,s and, If It IS not detined thcre, Its definition 

ln the ... uperdl"'" WIll hl' u<"l'd 

• Se/ecth'e illherilallcl!: d Illvhod \<; dcfined both In the slIpcrclasc., and the subc)ass; the 

'>lIbe 1 a ...... ',> vn'>\Oll 01 the IIlcthod ovcrndes the supercla~s's mcthod. 

An obJcct 11J,I)' lI,>e the Illcthod ckfincd III ilS own class by ~endlng the message to self 

",.'11' Illcthod 1 

Altcrnallvdy, Il mal' Il'>C thc metllOe! clefincd in Its superclass by sending the message to 

stlper 

1~t1pl''' methodl 

(».2.2 InheritatH.'e IlienllThy 

The paltlal Illhcntance hicrarchy of Gcdlt is shown in Figure 6.1. We only show 

ch\\~es and 11l<.,tallCC variable .. that are gOlllg 10 be used 111 our discussion below. The 

hlcralchy COl1t,lIl1\ bolll thl' NeXT <.,upplred classes (object, View, List, Button) and the 

cla,sl'\ dL'flncd by Cil'dlt (Graphies, POlnt, Circie, Poiy, Constrclint, GiLst, Cl~st, 

Slist). lJl)tancl' \'MI.\bll'.., are Ir~tcd in cur)y brackets. 
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ObJect 

~~ 
Vlt!W LI~t 

{ frame l 
Select 

/~ 
Graphies Button 

/\ 
Ghst C'lbt ~h"t 

/r~ ~lrallllS 
Point CHcle Poly {Hidc} 

{radius} {LlstOfVert} type 
NoOtV LislOfArm~ 

typc 

Figure h 1 Inhcntance Hlcrarchy of GCÙ1l 

The meamng of 1Il~lance van ables dcclarcd m tiw, IHcrar\.'hy arc cxplamcd hdow, 

Note that the types of IIl.,tancc vanables lan he ~lmpJe <Bookan, char, mt). ~tructurl''', or 

hnked hst~ 

frame 

Select 

firstV 

- Evcry graphlcal objcct ha~ a frame, whlCh I~ a rcctangul.lT TcglOn that 

completely clh:lo~c~ ail the ver1lce~ and ~\(.le~ of tht;; ohJcct ln OhJl'Cllve-(', 

a frame 1<., rcprc,>cntcd by Il,> bO'tom Icfl corner (ongtn), and Il., '>l/l" Wldlh 

and hClght. r-rame rlay~ an Important role III the way ohJCCh arc 

manlpulatecl, It~ prlmary purpme I~ 10 Identlty the ohJcct bClng ~clectcd 

Aho, ~ckClcd oblcch havc thClf framc dl,>played to dl,>lmgul,>h them tWill 

non-~elcctcd obJech The trame dl~pl.-ly con"I)I~ of9 ~Illall ~qllarc,> along thc 

pcnmetcr 01 tlle reclangular reglon that encompa~~c~ that ObJlX:t 

- The vélflall!c Select 1'> !:.et 10 Truc If an obJcct 1\ .,elccted and to l'a)\c 

othcrwl~c, 

- Evcry ohJcct l1a~ one or morc vcrtlCCS, The fir~t vertex I~ of particular 

importance for the Polygon cla~s ~Jnce, whcn dlsplayJl1g the abject, It\ fir)t 

and la~t vcrtlCC~ arc conncctcd alltomatlcal1y by a hnc to clo)(> the polygon 
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rad lU ... - ObJcct, of c1a~ ... Clrcle can be enht;!r clrclcs or elllpsc~. To allow for both 

<,hapc\, the radlu", ha\ two componcnt ... : hori7ontal and vertical radll. 

/.1~tOIVl!rt - For each vertex of a poly-figurc, the LlstOrVert contaln~ the ID of the 

vertex. the ... equcnce nUJ1lbcr of that vertex III the poly-ligurc, and the ,\ and 

y coordillate ... of thal vcrtex 

NoOIV 

type 

- Ttm variable ~pccllïe~ the number of vertice~ 111 a poly-flgure. 

- fn a Poly da\ .... type ha ... two po')slblc values: G for polygon, and L for 

polyllllC. fn a Constraints c1al}s, type IIldlcate'i the constrall1t name: P for 

parallcl, p for perpcntilcular, etc. 

LI~tOfArlll\ - Thl~ II~t contalll<' an elltry for each connected arm of th.: con~traJnt. The arm 

IIlfOrmatloll IIlclucles the arm#, the ID. and the ~eqllcnœ number of the vertcx 

to whlch that arm I~ connected. 

A gcncral Idca of how the IIlhcntance of attribute~ and methods il} u~ed III Objectlvc

e can he J1ll1~lrated by \howlIlg the Implementation of a ~amplc of the ba~lc operatIons. For 

Iim purpmc, tnur ot lho\c operation) art;! ~clccted III Gedlt· creation of an obJect; ~elcctlon 

of ~cvcral Ob)CCh: movlIlg ~ekcted obJccts; and hldll1g and ~howlllg constralllt). The\c 

sample oper.ttlon'l. 'lclccted from the operations dcscnbcd III the tutunal <tt the bcglnl1l1lg of 

thls chapter, dcmomtIate dlffcrcnt aspects of IIlhcntancc. In Section 6.3.4 wc Will ~how 

hO\\! ObJel.:I-Oncntcd Rclix can achlcve the same results. For thls purpo'ie 111 both tlm 

~c',:tlon and Sel'tlOll 6.J.2 wc provlde an outlll1c of the functionahty of each \11cthod uscd III 

thc Il11pkllll'lIt,ltIOIl of lhnsc opcra\Jul1,). 

ln ObleCtlve-C. methods a~~oclated wlth a class are detïncd IIlslde the c1a~" 

declaratlon. Thcrl'fore, II i~ loglcal to hst ail of the methods that are of II1terest to us undcr 

thclr corrcspondll1g class headll1g. The View and Button clas~es are detincd by the NeXT 

environ ment. Wc re~lrict the followmg discussion to classes created specifically for Gedlt. 
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Graphies Cla .... 

DrawSclf 

~(llf Drd\\'; 

Move : 1l1()1l~l: _ do\\ Il : n1l)ll~C _up 

Calculatc the dl\tancc l110ycd by ~lIbtractll1g mousc_down frolll mouse_up: 

Add that <.I1~\aIKL \0 the framc origin and 10 Ihc addn:~'i of the tïr~t vertex; 

Pcrform DI,>play on thc whole drawlng wIIH1ow; 

Select_obJ 

Sd Select flag tn Truc; 

Po)t~L'npt routlnc to dl<.,pl,ty 9 ~ll1all \(Iuan.~ .. around the pcnmt.:ll.'r of thc fralllc. 

Point Clas~ 

Draw 

Pmt)cnpt routine to tlraw a pOlllt; 

Circlc Cla~"i 

Draw 

Poly class 

Draw 

Po)t<.,cnpt routine to <.Iraw a CIfI..:1e; 

Po~t~cnpt routlllC tn <.Iraw Ilnc~ hctwcen adjacent vertlce ... In the LlstOfVcrt. 

If type = "Ci" thl'Il draw a IlIle betwecn the la~t vertex III the ft"t and the tir"t 

verte" ; 

Move : m()ll~C _ down : mOl! "e _up 

Calculatc tlle dl\tancc l110ved by ~llbtractlOg mouse_down trom mouse_up; 

For aIl the vcrtlCl:., c>.ccpt thc tir ... t one, add that dl.,tance to thc addrcv) of the 

vertex: 
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COII.,traint., da .... 

DrawSdt 

If HJI)L 

III(k Ail 

\ct Illlll: = '1 rll~ 

p~rtorll1 DI' .. play on the wholc drawlllg wmdow; 

H Ide SeIeclcd 

~et Hille = Truc 

perronn DI<.,play (ln Ihe wholc drawillg wmdow; 

Show Ail 

\el Hlde = Fahe 

perrorl1l DI\play on the wholc drawmg window; 

GCIU'l'k fUIICtiOIi 

Overlap : ReglonOnglll . RegionSI7c . FramcOrign : FrameSize 

Ir the frame of ail oblCd overlaps the region's boundaries, 

thcn returI1 (l'ruc) 

cl <.,e retu rn (Fahe) 

6.2.3 View I1il>rarch)' 

AIl tilt' graphll .. 11 ohJect'i that arc crcatcd 111 the drawing window are linked together 

III a Vit'\\' hiel'al'chy. The VIC\\' hlcrarchy is not the same as the il~heritance hierarchy. The 

inhcntancc 11II:r,lfchy I!-. an arrangement of classes; the Vlew hlerarchy IS an ordered 

arrangel11cnt ul oblCCh. ObJl'ct'i tha! arc refcrenced more recently are placed ahead of the 

l)bjeds that ,\fl~ rctcrl.?l1cl'd call1er. The Vlew hierarchy also defines a message-passing 

cham. For I.?\ampk. \cnlllng a D~splay message to the root of an aggregatlOl1 hierarchy will 

CaU\l' cvery oblcct 111 thc hlcrarchy (Ill the drawing wmdow) to be displayed. 
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VIC\\ 

/!\~ 
POlllt Orek Polv C(tnstramt~ 

flgurc 6.~ The VICW Hlerarchy of GCdlt 

6.2.4 Objecti\'t,-C Implementation of the Samplt> Operations 

Now wc de~cnbc the sequence of commands that execute the OIX'rattol1\ lTlenttol\l'd 

in the preYlOU~ ~eClj()n 

6.2.4.1 Creation of an Ohjl'ct 

A graphlcal abJcct of the cla.,., ~cleded ln thc ohJl'ct factory \<, cn:ated whcn the dr,\v.ll1~ 

wlIldow recci vcs a "11l011~e dO\\ n" l'vcn t. 

Point. 

A fustV \anable l~ 1l1ltlall7l.:d v.lth thc coordmatc) of the "rnoll<,c down" l'vent A 

pomt I~ drawn. 

Circle 

A flrstV vanah1e l~ Inlual17cd wJth the coordmates of tllc "moll~c down" l'vent The 

"moll~e up" cyent dcterllllne'i the radill~ of the clrc1e. Both the center and clrclimfen:nCL' 

of the clrclc are (\r;\\\n. 

Pol)'. 

Evcry tllne a mou,e buttun IS cl!ckcd, the cÜordlnate~ of the ClIr\or are In,>erted \l)to the 

Ll.stOfVert 11' .. 1 The 1111\: betwccfl the ClIrrcnt and prcvlou,> vertex I~ drawn. WhCIl the 

douhle click evellt I~ rcœlvcd, If the obJcct factory ~clectlOn 1\ a "polygon", thl' llIle 1) 

drav.n bctwcen the la~t and the first vertex JI) the Llsr.OfVert 11\1. 

When the creation of an obJect 1~ complete (double click for poly-figun.!~ and "mou<,c up" 

event for pomts and clfclc~), the frame of that graphical obJcct I~ calculatcd and dl~playcd 

The obJect ID and thc framc are addcd to the Ch st. 
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6.2.4.2 Sl'h.'l't ion of Se\ l'l'al Ohject'j 

1 Ill: addre..,..,e.., o! the IeIt-huttol1 "mou..,c clown" and "mou~e up" events are temporarily 

\.Iwd, A gCllenc !UI1L'tlOn Overlap: : ;; J~ applu:d to cvcry clement of the Ghst to ldentify 

ail the ObJl'l'I\ who..,c fr,lfllC o\crlap"> wlth the ~clcctcd region's boundary. Slist iS cleared 

and .dl the ol1Jelh IdentIfiee! by the Overlap flinctIOn arc In~ertcd mto the Slist. The 

me"'''>''ge ~C'lc'ct_obJ I~ ..,Cllt 10 each obJcct In the Shst. 

(,.2.4.3 l\lo\'ing Seh.·cted Ohjects 

'l'hl' rnn"t':: Illl'..,..,.l~,' 1.., ..,Cllt 10 ail the obJects in the Slist. As a reslIlt, the coordinates of 

ail the \LTIIl'l'''' III Iho\l' ohll'l'I\ ,Ire changed, as is thc frame ongll1 of those objects, 

6.2.4...1 lIiding / Sium ing COIl'itraints 

L,ccllic Ihc pllll'l'dllrl' l(lm.?\pondlng ln thc Constraml submenu selection. 

"I/Ille Ail" 

Senti a !lido_AlI lllC,,>..,.lgC 10 e\ery clement of the CHat. This rncthod sets the Hide 

\'andbk 10 l'nll' lor Iho\l' con\trall1t\, Also, the Dlsplay message is sent to the whole 

wlndll\\ Dl!3play wlIllnl' d()c~ not (lisplay ieons whme Hide variable is True, 

"lllth: Sl'kl'tl'd". 

SCI H lde v,m.lh!\? 10 Trllc for thc COIl~traInt wh05.C Select tlag is set to True. Send a 

Dl aplay I11c..,\agl' to tllat COI1~traIJlt. 

"Show AIl" 

Scntl a Show _ A 11 Il1c\,,,agc to c\'cry clement of the Clist. This method sets the Hide 

tla~ ln F.lI,l' f\lr l'\ cry l'on<,tr;UIl! Also the Dlsplay message is sent to the whole View. 
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6.3 Relix Environnll'nt 

In ObJect-Onentcd Rellx, ~lIbdassr:s inhent buth attnblltes and Illct!Wth l'rom thl'Ir 

supcrclasses. MClhods arc mhented 111 the ~amc \\'ay as 111 Objectlw-C'. On the othL'r h.ml!. 

attribute inhentancc IS dlfferellt: 111'"~ slIbcb'l~e~ do not contain the IIlhentl'd altrlbutl''I, hut 

can accc~s thcm through the IlIlk (the obJcct lD tidd) conncdlllg ~llperclal.,"c,> \VIth thelr 

sllbclas~t's. Thil., appw:1ch r~ ~lgl1lric:1ntly dlrrcrcnl I"rol11 the ObJcctlw-C II1licrrtallL'L' 

mechallIsm, bccause III Oblcct-OricntLd Rehx an uhJect whrch belong" to a \t'dl" dl'l" or an 

mhetltanœ hlcrarchy spans ail the classes ab~we It in the IHcrarchy. That 1<;, lh attnh\lIL''I 

are distnbllted among ail rts supcrclass relations. 

In Object-Onentcd Rl'IIX, graphlcal obJl.x:ts arc represcntcd by thclr vcrtlccs. Su a 

poly-figure havl11g -+ WI tICC'I ",ri 1 havc -+ luple., \J1 the Graphies cla,>s. Th Il 1., for constr,lIl1t 

satIsfaction routmc) ail thc \ Crtll'C) arc slorcd 111 one central placc - Graphl.cs c1.I'i' •. 

6.3.1 "Class-Oril'nted" ({elix vs Objcctive-C 

In Rclix, l11ethod~ .Ill' II1voked on chll.,~es ralhcr than on the dal.,') Inl.,lanœ'). '!'IHI') 

a method IS appllcd ellher 10 ail of the lI1~tance) of a cla~~ or to a ~e\cctlon or c1a .... ~ 111\lal'cc'i 

There I~ no need 10 tk,t1 \VIth IIW~ or obJects, a~ IS llecc'l')ary 111 (kdlt. Ir a u)cr wanh to 

applya method only 10 1I1\lances ~all~fyil1g ':lome conditIOn,>, the ~clectlOn may he perforrncd 

111 two ways: 

• by the rclatlonal CXpIC<')IOIl Illvoklllg the Illethod; or 

• by that mcthod il~c1f, whlch can he written 10 Ignore ail the in<,tance') [hat do not ~a\l.,jy 

those condltlon'i 

Bccause of the nature of RcIIX, il 1'\ applOpnale to cxecute the ')amc procedure'l a<, Gcdll but 

on a log of the Geellt session ("CC Section 6.3.4). Our ta<;k thcn would h.! to combine aIl 

slmilar information III corrcspondlng relations and to apply the 'laIne mcthod 10 ail tuple'l ln 

such a relatron. 
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6.3.2 Inheritance Ilierarchy 

There are lwo major dlfferences between the class hierarehies in Gedit and Relix. 

The first IS that Rehx does not have List classes (Cll.st,Slist,Gll.Bt). The second is that 

Pol y-figures III Rehx do not have an attnbute whieh represents a list of vertices -- all the 

vertices with their corrcsponding SC{Juence numbers are stored In the Graphies class. Aiso 

a collective class Figure was added to the class hierarehy in Rehx. 

OBJECT 

Vi/ ~ 
(ld,Seleet,f _ origin _ x,f _ ongin _y, 

f_ width,f_helght) 

/ ~ 
Graphies Button 

(Id,Oseqn,x,y) (Id) 

Figure 
(Id, Dese) 

/ ~ ~ 
Pomt Poly _figures Constraints 
(Id) Circle (Id) (Id,type,Hide) 

(Id, rad_x,rad_y) / '\. al_Id,al_sq,a2_Id,a2_sq, 
'\. a3_Id,a3_sq,a4_Id,a4_sq 

Polygon Polyline 
(Id) (Id) 

Figure 6.3 Inheritance Hierarehy in the Object-Oriented Relix Version of Gedit. 

The mcaning of mstance variables declarerl in this hierarchy and different from the 

Gedit hlcrarchy are cxpla1l1ed as follows: 

f_onglll_x, f_ongll1_y - the x and y coordinates of the frame origin; 

C width, f_hclght 

Oscqn 

addr_x, addr_y 

rad_x, rad_y 

- the wldth and height of the frame; 

- the sequence number of the vertex within a graphical object; 

- the coordinates of the vertex; 

- horizontal and vertical radius of a cirle (if the two radii are not the 

same, it IS an elipse); 

- for eaeh arm of a constraint we stOIe the ID of the graphical object 
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that contains the vertex to whlch that arm 1" cOllnected; the 

sequence numbcr uniquc1y Identltïes the wrtex among ail the 

vertlces of that obJect. 

The View c1ass has one tuple per obJect The Graph Les class ha" attnhlltc'i x and 

y whieh are the coordlllate~ of a pOInt. and Wll1Ch are 1I1terprcted dJlTercntly ln l'.lL'h of thl' 

subc1as~es of Graph~cs. For the Powt It IS the pOInt Jtsclf, for the Cucle It 1\ the l'l~ntl'r, 

and for the Poly-flgures It !~ thelr vertex. l'he Poly-figures have two or more vertlCl'\ 

It is important to prc'Iervc the ~Cqllcnce 1/1 WhlCll the~c vertlees werc nnglllally cre.lted. The 

Oseqn attnbull: III the Graphies class "erves that purpOSC. Thus a GraphIes c1a\s h,l" 0114' 

tuple for cach Po~nt or Clore le, and two or more tuple'i for eaell Po 1 y- t uJurp 

Bclow wc ~how a pl,t'udo code for the Illl~thods tl'al are gOlng to hc lI\ed \11 Scctlon 

6.3.5 to perform the four operation,>. The actllal Rcitx code for tllc ... c methmb and for the 

operations dcscnbed III SectIon 6 3.5 can be round III Appcndlx D. 

In Objcct-Oriented Re!Ix, the aS~OclatlOn of mcthod\ wlth cla ... "cl, 1'> achievcd hy 

dec1aring the class 111 the O/l clame of the method declaratlOn For the hettèr J!IU'itr<ltlOll 01 

method inhentancc we group mcthods by thclr name. 

function Di~play 0 on OBJECT; 

cali DrawSclfO; 

funetion DrawSelfO on Graphies; 

cali DrawO; 

funetion Draw 0 on Point; 

Post~cnpt routine to draw a Point 

function Draw () on Clrclc; 

Postscript routine to draw a Cirele 
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function DrawSclf () on ConstraInts; 

if Hlde = Fahc thcn 

Pmt~cnpt routine to draw each leon 

el~e 

cra\c Icon and arms 

functiou Overlap (orig_x, orig_y, width, height) on Graphics; 

dctcrmine If graphics frame overlaps the rectangle specified in the parameter Iist. 

l'unction Draw _frame 0 on Graphies; 

il' Sdcct = True thcn 

Post<;cript fOutllle to dlsplay 9 small squares around the perimeter of the 

rcctanguJar frame 

elsc 

rrase the 9 small squares around the perimeter if they are there. 

proccdure MoY(' (in: dl~t_x, dist_y; out: orig_x, orig_y) on View; 

MoYe the frame of an obJcct or a constraint. Since the frame is represented by its 

origin and ItS Slze, It is only necessary to change its origin by the given distance. 

procedure Move_obj (in: dlst_x, dist_.Y; out: new_x, new_y, orig_x, orig_y) on Graphic~: 

Calculate the ncw address of each vertex by adding the given distance to the 

coordlnates of each vertex. 

Cali the procPGure MoveO defined on the superclass to move the frame. 

Generic function 

fUlletion Draw Jine (from_x, from_y, to_x, tOJ) 

Postscript routine to draw a line From point (from_x,from_y) to point (to_x,toJ); 
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6.3.3 Collection IIierarchy 

The collection hierarchy of ObJect-Or~ented Relix shown In FIgure 6.4 dlffers from 

the collectIOn hierarchy of Gedtt (Figure 6.2). The maIn dlfference IS that It docs not kecp 

track of the order 10 whlch obJects were referenced. lt serve~ umqucly as a dl .. tnbutor of 

messages. A message sent to a collectIve c1ass IS dlstributed to every subobJcct clas .. of th.1t 

colleetlvr c1ass. For example, a MOve_ob) message sent to the F~gure cla .... .: WIll hl! appltl:t.j 

to the subobject c\as~es of F~gure, namely Po~nt, Circle, Polygon. and Polyltne c\,l't'tl:" 

Figure 

//~ 
Point Ctrcle Polygon Polyltne 

FIgure 6.4 ColkclIon Hlerarehy m ObJect-Onented Rehx ImplementatIon of Gcdlt. 

Also, thls hierarchy does not mclude the ConBtra~nt8 cla~~. The rcason for that I~ 

that the functionahty of the Constraints c1ass is very dlfferent from the suhclas~es of the 

Graph~cs c1ass. For the four operatIOns dlscussed ln thls chapter, we necd only to mcludl! 

the subclasses of the Graph~cs c1ass tn the collection hlerarchy. 

6.3.4 Representation of the Gedit Session in Relational Format 

In a dlstnbllted dataLase there mlght be a situatIOn m whlch two lIscr~ arc workmg 

on the same database of graphlcal objects. Suppose that one user ln Montreal I~ u')tng Gcdlt 

to create and malllpulatc graplllcal objects, and another user tn Vancouver nccds to know the 

changes to the sereen. Th~ InformatIOn can be transmlttcd along the tclcphone )mc~ 111 the 

relational fonnat. Gedlt has a logging eapabihty whleh record~ cvcry dctatl about cach 

mouse click sllch a~ its locatIon, whlch button was u~ed (left or nght), the type of the mou~c 

clIck (single or double), and If any draggmg has occurred bctwccn the "mou <,e down" and 

"mouse up" events. Smce the order of the mousc event~ is Important In thc procc'i,) of 
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manlplllatlng graphlc.t1 \)bjCC.h, the log aho gcncrate~ the relative 5.cqllcnce number of each 

click. 'l'hl! log (Ol1lalll.., Indcpcndcnt actions ~o that the order III whlch thc,>e actions are 

pcrformed 1.., 1 rrelcvan l. 

Wc r1lu..,trall.: how a (jedlt ,>e..,5.lon (conmlll1g of creatll1g objects, sclecting obje..::ts, 

movlIlg \e1ecled objcct.." hldlT1g or showlI1g con..,traJl1ts) can be uscd as a good ex ample of 

how al1 obJect-ofll'lltl'd Rellx can achicve the ~ame n.~~ults as Gcdlt Iising the log of this 

..,e..,..,lon. 

A Graphie.., edltor ..,ç'>'>lon can be rccordcd as a 5.eqllcnce of mouse clicks. The 

followlIlg Ll5.'>lllllpIIOIl) ..,illlplIfy the ta~k of correctly idcntlfymg tll'':: purpose of each mouse 

click: 

• the Primitive.., P,IIlC!. dlawIllg \\!ll1dow, menll and ail the submenus do not overlap; 

• the PrImitive,> l).lIll'l, drawIllg WII1c1ow, and menu rcmarn 1I1l11l0biie dllnng the complete 

<;C'i'>Ion, '10 111,11 the IOCltlOIl of a l1lou\e click can be lInamblgllously determined; 

• ail the lllOll\e cliC"'" are eltller on the Pnmitivcs panel, on the drawing window, or on the 

menu; 

• tcx! crcatlon and 111,111lpulallOn IS omitted. 

Let liS rxal11ll1C the actlon~ pcrformed during the Gedit session described above. Ali 

thc cvents arc gcnl'fated by 1ll01l'iC clIcks. Therc are two types of mouse clicks: single and 

double. A ~lllgk mOll'>c clIck cun,>t..,t'i of consecutive "mollse down" and "mouse up" events. 

lktween thO"é t\\O éVéllt,> a lllOll'>C lllay he dragged. A double mOllse click consists of two 

single 1ll0115.C clIck,> made \\'1111111 a 5.hort time interval of each other. ~l he left and right 

buttol1 click'> ,>cr .. e dl f!L'rellt pllrpO~e':l. The right button is used only for creating constraints 

111liide Ihe dr.l\\'ll1g \\'IlIdu\\' and conncctll1g the arms of the constraints. The left button is 

used for everythtl1g l'he 

DltTerenl \lxluel1L'L'''' of J11ou,>e clicks and mouse drags lead to different results. The 

addrcss of a mOll"e cltl'k deterll1111CS whcther the event happened on the Primitives panel, on 

the menu, or on thé li ming \\Indo\\'. 

The log of the (Icdlt ~e\,>ion IS stored in the SESSION relation. 
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SESSION (seqn,x,y ,cltck _ type, mous\.' ,drag) 

where seqn 

x, y 

- the ~equcncc number of the mouse click; 

- the l'nofl!lnatl'~ of thl? cursor at the tlllll! of the mOll~e click; 

clIck_type - ~ for ~Ingk 

d for dOllbk; 

mouse - 1 for Iclt mou~e c!1(k 

r for nght mome clic\...; 

drag - n for no dragglng between the mouse clIcks 

d for 1ll01l\e down followed by a dragglllg event 

li for the relca~e of mou se after the draggll1g eVl'l1l. 

From the SESSION rel.ltIDn we can oblall1 the relatIOns Crcatc_obj, Sel_objccto, 

Move_objects, and Constr_menu_sel, by grouplng the tuple\ rcprc\)cnting operatIons of 

creating graphical obJ i.'C1\ , ~ckctlllg objl.?ct\), 11l0Vlllg obJl'cts and hl(hng/~howlllg of 

constraints respcctl\'cly. 'l'lm grouplllg can he done in the currcnt lInplCIlll'ntatlon of Reltx 

Since Il docs not rcqulre tlle obleC! orIl'lltcd redture~ pn:~l'ntcd Hl tlm the\I~, thl\) procedUfl' 

IS not dlscu~\ed here . 
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The complete proCC'~~ of u~Jng the log of the Gedlt session is illustrated by the 

flowchart below. 

SESSION 

6 3.5 1 6.352 635 3 6.3 54 

• add obJects 10 the 
hlerarchy 

• determme whlch 

obJects are selected 

• update the vertex 
addresses and tram orlgms 

01 ail selected obJects 

• set the Hlde atlrlbute 

ar:cordmg to the menu 

selection • add obJect Ids \0 the 
aggregatlon class 

• draw trame around 

selected obJects • dlsplay selected obJects . send Dlsplay messag 
to the constralnt class • dlsplay new obJects • dlsplay trame around them 

Methods 
Operations 

Classes 

used affected 

Display 

8 Overlap 

Draw_Frame .l0J Graphies 

Move_obj 

.... POint / 
Draw_hne 

6.3.5.1 /' 
/' 

·8 ~/ Polyhne / 
• / Con$tralnts 7 
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Below wc lk\CllhL' tl1L' fnur re!atll)J1'1 th,lI are cxtr,lcted fmm thc SESSION rcl.lIlllll 

1. Creation of graphll\Jl nbJ('ch. 

Create_obJ (Iù,O"eljn,type, x,y, t __ ong_ x, t'-nng_y ,i_ wldth, (hcIght) 

where O~eqn - ~equenee n1l1l1ber of the vcrtcx wllhin an ohJcel; 

type - c for elrele 

p for pUllll 

g fllr polygon 

1 for polylIne; 

x, y - the eoordlllalt:'I of the vertcx If tht: ligurc 1'1 a pOlllt, polygon or a 

pl)lylInc. If the ligure is the Circ le, for Oseqn = 1 It II, thc center, 

and for Onoqn = ~ It 1'1 the radlu", 111 e,leh llIreL'tlon; 

l' ong x - 111>-' CO\1('(III1,ltC\ of the !eft hottom corner, - ~-

, __ ong_y uf the rectang ular box (fr ,lIlle) that \urnHlnd'l (';tell ohJcct, 

l' wltlth - the \\'Idth of the fr,une; 

t'-height the hClght of the frame. 

In this relation Points arc represented by one tupk. C.lrcles are rcprc~ent('d by Iwo 

tuples. The tuple \\'Ith Oseqn = 1 contalll~ the coordmates of the center, and the tuple 

with Oseqn = ~ cont,lInl, the raclIu..; of the cm.:le 111 both x and y dm~ctl()n. Poly-f .lgun'8 

are represented by N tuple .. wherc N is the Ilumber of lilll! segment..; that makc up that 

poly-figure. 

2. Selection of se\ eral obJccts 

Scl_ Objects (r _OrIL x, r _orig_y, r _ wH.lth,r_hclght) 

where r_ong_x, r_ong_y - coordillatc~ofthcbottom leftcornerofthese\cctcd rcglOn; 

r_wldth, r_hcIght - wldth and hCIght of the rectangular rcglon. 

3. Moving selected obJcctl, 

Move_obJects (dl~t_x, (h~t_y) 

where dist x - the ab~ollitc horizontal di.,tance travellcd by thc mou')c; 

dl~t_y - the ab.,ollilc vertlcai di~tance travelled by the mOl1~C. 
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4 Hldmg/<,howlng 01 cOIl..,tr,lIlll«,) 

Con~tr_JTlenu_.,el (mcnll_~d) 

whcrc menu_sel 1) the opllon of the Constraint submcnu chosen. 

6.3.5 Ohject-Oriented Rclix Implementation of the Sample Operations 

In thl) )cctlon wc \vlli dcscnbc the procedure for executmg the four Gedit operations 

ln obJcct-oncl1tcd Rdlx. [aell procedure comlsts of rclational and domain algebra 

~tatemcnh whlch lI)C thc relations c>,tracted from the SESSION. classes of the inheritance 

hlerarchy, and the mélilOt!.., dL'fllled 011 tllme claslirs. 

6.3.5.1 en.'at ion of Ohjects 

The pron~"" of creatlng graphlcal abJccts consists of placillg them in the appropriate 

c1a"ises of tllc lIlhcntance hlcrarchy and displaying them. Each c1ass should be treated 

dlffcrcntly. CreatIOn of obJcct .... 1) thc vcry first operation of the session. At this point the 

c1a"is 11Il~rarchy 1<; Clllpt)' 

Wh Cil acldlng an OhlCd to the Icaf class of the inhentance hierarchy, we should 

provlde the val lié.., (lj ail the attnblltcs (both IIlherited and defined in the leaf class itselt). 

ThIS l'an bc achlcvcd by an lIpdatc statclllcnt. 

Point 

Add to the PO.lnt l'la,>" ail the relevant information from those tuples of the Create obj 

rehlllol1 where type = "P". 

Ch-cil' . 

Flrst, add to the Cucle ('Ia~s coordinates of the center and frame specifications from 

those tuples of the Sreatc_ob] relation where typE: = "C" and Oseqn = 1. Second, 

r\!l'ord the: radiUS 111 the: Cuele class by changing the value of the rad_X and rad_y 
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attributc~ ta \ ,md y altllhlltl.'''' !rom th~ tuple" of the Create _ob) rl'l.lIlO11 where type 

= "C" and Osegn 

Poly-figurcs. 

Add to the polygon and Polyhne cla~~L's ail the rdevant lIlformatwn l'rom tllO"C tupks 

t, 1 1 l "C' " "l " t 1 o Create _ ob) n: ,1 IOn \\' 1ère type =: J or _ r('"pc( 1ye y. 

At thls pOlllt thl~ GraphIe ... hr,lnch of thl: Illlwntancc hlcr.lrchy 1 ... complete. Now wc need 

to place ail the obJcL'I" Illto the colkctlon cla"" It I~ done by .lddlng ail the ohJccl IIh III 

the Create_ob] n:lallon tn thc Figure colltXl1YC cla..,s. 

Scnd a Display ilH:,>..,age 10 thc Figure cla~s 10 dl..,play new obyL'l~ Th.lt takcs l'an: 01 

di~playlllg p01l11'> alld clrck'\. To dl'>play poly-Iïgllle ... , lIlvoke a Draw _iUle prol'Cdurl' for 

every paIr of adj<1ccnt ycrtIce..,. 

6.3.5.2 Selection of Several Objects 

Selection of ohJel't.., 1'> ah'".1Y'" a..,..,ol'lated wlth anothcr operatIon ..,llch a.., mnv1Jlg or 

zooming. It 1<.; l:s..,cntlal tn pre,>erv~ tlle ordcr ln WhlCh ..,clecllon, movlllg and loollllng 

operations Ol'ClIr. The ).tIllC ,>cqucncc 11llll1ber wIll be a'»lgned tn the )CIt:C11011 and 10 thc 

operation that Illllllcdlalcly folio\\'.., the ~ekctlon and operatc\ on tlle \ckl'tcd ohICCl..,. The 

selection of ail the obJcct.., ln the regloll con~l~t':l of the~e procedure..,: 

1. In the Graphies cla~", ~el the Select attnhute to the v<due n:turned hy the funcllo!1 

Overlaps, dctïned ()Il the Graphies l'la..,..,. The Overlaps lunctloll ddcrIllllle.., If the 

frame of thc obJcct overlap.., the frame of thc ..,c1ccted reglOl1, 

2. Invake the Draw frdlnc Illl'Ihod ln the Graphl.cs relatIon to dl..,play the frame <trollnd the 

selected obJect~; wlll:n Ihl) Illcthod 1) appll('d to obJcct'l wlth the Select altnblltc 'let 10 

False, nothing happcll); thll~ by '\endlllg thc Draw _ frame me"''1agc 10 ail the objccts in the 

Figure, the de<.;lred etfeel 1<'; achlcved. 
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6.3.5.3 l\1oving S{'I{'c:rcl Ohjects 

Seleetcd Ob)CCh arc mOI/cd by invoklllg ll1ethod Move_ob) on the Graphies c1ass. 

Mcthod Move _OU), dcflllcd 011 the Graph~ e s cla~"i, changes the addresses of the vertices of 

tho..,e obJeet'> whme Select attnbute 1\ ~et to Truc. Then the frarne's Ofl~1I1 I~ moved by 

lI1voking methoc! Movo dl'lincd on thc V~ew c1a~s. When both rncthods are applted to objects 

wlth the S0leet attnbute ~et to Fabe, nothlllg happcns. Thus by sending the Move message 

to ail obJect'> 1/1 the Graphies cla~~, only scleeted obJeets are movcd. 

6.3.5.4 lIiding Con~(l'aints / Showing Constraints 

The menu sel attribute ha ... one of the following values: "Hide AlI", "Show Ali", 

"Hlde Scleell'd lt

, 

Hldlllg and "hm\'lllg of con .. lralllls IS a'2hicvcd by sctting the Hide attribute of the 

COl1\lralllh L'la" .. 10 Tnlc or Fahc re"pecllvely, and then scnding a DrawSelf message to the 

Constraults L'la.,." Thc DrawSelf Illcthod I~ coded 1TI sueh a way that It does not di~play 

the con"tralllt.., \\ hmc flldo attnbutc IS Truc. 

"Hlde Ali": 

SI.?! the H lde attnblltc 10 Truc for e'vcry eonstraint; 

"H Ide Srlected". 

Set thc H.lde attllhutc 10 Truc for the eonstraint whose Select attribute is set to True; 

"Show Ali": 

Srt Ihr H lde attnbutc to Fal~e for every conslraint; deterrmne the the coordinates of end 

points of ail conncclcd arms for ail constraints; cali a Draw_line method to draw these 

arms. 
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Chapter 7 

Conclusion 

In thlS thel,l~ W~ hav~ ~hown that the n:lallonal d,ll,\h,\"e Il Hl\.k 1 Il,\,, \Ill' PO\\l'l \11 

support the most Important ob,ect-onented fcatllrc~, namdy, InhcntalKl' of attnhute ... ,lIld 

methods, and rncthod polymorphl)m, Wc havc<knvcd the ... \: !l'atllle" tWill the d.!\,\ "II\ll'\lIll' 

and operatIon ... of thi: cla ...... lcal relatJ()n,t\ Illodd l'Ill" wur\.. !;, h'\"l'(\ Oll llll' ,\ ...... lIl11pllllll th,ll 

a relatIOn 111 a rdatlonal DBMS I~ equlvalcnt ln a l'la" ... III dP ohll'l'\ (llll'nll'lI 1 )B1\l~ 

Wc formallLed the dcfl11ltlOI1 or thc~e tll)Iecl om:nted k,ltllll'" 

database programmer to under~t,md them opcratlLlnally, III terI\\'> 0\ the \vell \..IIUWI\ n:I.\tIOIl.tI 

algebra. 

7.1 Summary 

The c1ass hlcran:hy is rcpre~cnted by a relatIon wheri: l\\ch " lI l)L'rcl,\\"-"lIbcl:l\\ 1l.ll1 

is reprcsented by a tuple. Attnbutc inhentance is Implcmcntcd by prolec!ln~ the ..,upercl.\\)·) 

attributes From the J0In of the "lIbcla<.;~ wlth Itl, I,lIpcrcla"., on tlie ID lield OhjeCl\, Wltlllt 

span one or more tuple!>, are lllllqllCly Identltied by thelr (D field 

Mcthods can be elthcr gcncnc (applJcahlc lo (Illy rdatHlIl) or .... pelltic ln il lia) .... , 1 l' • 

applicable only to that cla,>!', or It" "l1bcla\~e..,. The 1l1tOflll.ltlOll abolll the (I.,\oclalIOIl ot 

methods and classe" 1 ~ slon~d 111 a rdatlOnal forlllat The ll1echan 1\111 of llH.:lho(\ 1 Il hl'rtlanu.: 

is implementcd by combll1lllg the lIlfOrrnatlOll on l11el!1od a..,\OCtaIIOIl wllh tlte Illhent,1I1l'l' 

hierarchy to determ1l1e whlch subclas\c<.; arc cllgJ!J\e 10 lI"C tho"c IIlclhoci'l, 

The collectlO11 hlerarchy determmes \ f a mc~~agc scnt to a da .... \ ... hould hl' pa",,,cd on 

to the classes that make up that collective class. 
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1\ .... a n.: .. ult of till'> de .... lgn, the followmg ncw ~yntax was added to the set of operatlOm 

available to the u .... er ln Object-Onentcd Rclix: 

New Syntax 
- -- -----------_. 

Class2 [Id2 ~sa Idl) Classl 

Class3 hasa Class4 

function tune nrune (lnput_attr_llst) on Classl 

let vlrtual attr be super Method(); 

let virtual attr be sub Method(); 

---- -----------
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Chapter 6 i1lu~trates how the features prcscnted 10 this thesis can be used 111 an object

oncnted application. The tir .... t part of that chapter fanlIharizes the reader with an obJect

oncntcd appll\:atlon. Gctht, wlllch 1\ written 111 Objcctlve-C. The second part of that chapter 

propO\C\ how "'Oille of tllL' fcatlln~\ of Gecht may be lInplcmented 111 ObJect-Onentcd Rehx. 

ft 1 .... Important ln "ù'P tn Il1l11d that tilts thesis IS not ba~ed on an actual Implementation, but 

IS of a pure analytJcal nature. The implementation whlch is proposed in the appendices has 

not bœn te~tl'd. 

7.2 Further 'Vork 

1. ('hapler J lllentlOllcd that the ID fields are generated by the system, but dld not specify 

how thl'l \va'l accomplishcd. The ID generation procedure should keep track of the 

CXlstll1g ID values ~o that newly-gcnerated values are unique. This procedl:re should 

make e:\tl~n~lve use of the. Hlerarchy system meta-relation to guide It 111 dctermimng 

when to generate new ID values and whcn to assign the correspond mg values of the 

parent's ID. ThiS IS signitïcant for consistcncy checks, and for verification of the 

existence of orphans. 

127 



1 

2. Chapter 3 concentrated on sImple lllhentance. t\lultlpte mhent,lllL'l' l' mOtl' l'U\\'\.'lllIl tll.\1\ 

sImple inheritanœ. 1'0 IInplement multiple lllheritalll'è, ~ol11e alglmtlllm, {11~e Illctlllld 

broadcastll1g) would have to be redeslgned. 

3, Can the design descnbed II1 Chapter 3, winch represents the lSA n:l.l11l1IlShlp\ hl'I\\l'\.'11 

classes in the inheritance hierarchy, be adoptl'd for the rl'presentallon of ne'\ted rl'l.ttlll1\';' 

4. Chapter 4 disclIsscd polymorphlc functlons and procedures whll'h l'an hl' lkclarl'd 011 

specifie relations. Betorc thts feature can work, il IS nel'è'\'\,lry to ImpkllWl\t fllnclHllh 

and procedures 111 Relix. TlllS would rcquirc furthcr n:sean.:h on type thent y. 

5. Chapter 4 also dcscribed how mcthocls are 111vokcd on rdallons and prodllL'L~ one or lllot e 

values for each tuple of that relatIOn. ft IS ùeslrable 10 have anolher type of IlIl'tllOti 

whlch would work wlth relatIOns as a wholc. hki! the procedure JOln __ lIu:?t-,ul'hy III 

Appencllx A. 

6. In this thesis we concentrated on attribute and llIethod mhentance. No ob)cd-OflCIlh'd 

database can be complete without other important fcatures, IIke ab ... tract data type'i (1\/)'1'), 

encapsulation, and II1for111ation hiding. 
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Appendix A 

Attribute Inheritance 

Thc appendices of this thcsis use a system relation. rd (. rel_name, • dOm_na!;le). 

Thi~ relatlOlI contams IIlformation about ail the relatIons In the databasc. It is maintained 

by the ~ystcrn and i~ updatcd evc""y time a relation IS created or deleted. For each relation 

the system table . rd contallls as many tupI es as there are attributes in that relation. So for 

cxampIc. the. Hler archy relatIon IS represented by four tuples: {. Hierarchy, . subclass}, 

{.Iherarchy, .Subld}, {.Hierarchy, .superld}, {.Hierarchy, .superclass}. 

The actualizatlon of a vutual attribute in an operand relation is determIned by the 

followlIlg condlllOns: 

• If the requcstcd attnbutc IS found 111 the definitioll of the operand relation (there is a tuple 

for that attnhutc III thc .rd system relation), then that attribute is used; 

• If the oper and relation does Ilot have that attribute, the attribute is calculated (actualized) 

é\ccording to Its domé\1Il algcbra detinition. 

The Null valucs arc rcprcscnteJ in Relix as Don't Care (OC). 
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The following system relations are used to illustrate the Rehx code presented m this 

appendix: 

. Hierarchy 
(.Subdass, 
Employee 
Permanent 
Office 
Field 
Temporary 
Stlldent 
Science 
Education 
Pay_errors 

.Subld, .Sllperc1ass, .Superld) 
Empld Person Persld 
Permld Employee Empld 
Otld Permanent Permld 
Fldld Permanent Permld 
Templd Employee Empld 
Studld Person Persld 
ScId Student Stlldld 
Edld Student Studld 
Templd Corrections Corrld 

Corrections 
(Corrld,Amount,Date) 

Pay_errors 
(Templd,Pay#) 

Person 
(Persld,Name,DOB) 

/ ~ 
Employee Student 

(Empld,Emp#) (StudId,MaJor) 

.rd 
(.rel_lldme. .dom_namc) 

Person Pcrsld 
Person Namc 
Person DOB 
Employee Empld 
Employee Empli 
Permanent PClmld 
Permanent Salary 
Permanent Namc 
Office atld 
Office Phone 
FIeld Fldld 
FIeld Location 
Temporary Tcmpld 
Temporary Hour~ 

Student Studld 
Student Major 
SClcnce ScId 
SCIence Lah~ 

EducatIOn Edld 
Education Schoo\ 
Corrections CorrId 
Correction~ Amount 
Corrections Date 
Pay_errors Templd 
Pay_errors Pay# 
Second.Job Templd 
Second job Name 
Second .Job DOR 
Second _lob Emp# 
Sccond _Job Hour') 

/ ~ I~ 
Permanent Temporary Science Education (peri Nam\ary) (Templd, Hours) (Scld, Labs) (Edld,SchooI) 

Office Field 
(OfId,Phone) (Fldld,Locatlon) 
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A.t Inherit Statement 

This detmlcd cxplanation corre~ponds to the algorithm in section 3.4. 

The mherit statement IS parsed and four scalar variables are initialized: Child, CId, 

Pld, and Parent. 

In order to m':lcrt a tuple wlth the above values into the . Hierarchy relation, we 

necd to U\C an ADD clause oi the update statement. The ADD clause requires that the 

relation bcmg added has the ~arne attributes as the relation being updated. In other words, 

since . HierarchyrelatlOl1 has altributes . SUDclass, . Subld, . Superld, and. Superclass, 

we nccd 10 find a way of refernng to the four input scalars under the names of the 

. Hierarchy attnbutcs. This can be achlcved by renaming . Hierarchy attributes to their 

correspondll1g input scaJars and proJectmg thesc vlrtual attributes from any relation that does 

not have any of the . Hierarchy attnbutes, say . rd. 

ir Parent:: "ROOT" then 

cise 

update . Hierarchy dclete (whcre .Subclass = Child); 

ir (,Iuld relation IS empty then 

I(·t .Sllp~rclass he Parcnt; 

Id .Suhcla\s be ChIld; 

let .SllbId he Cid; 

let .SupcrId lU' Pld; 

ulldate . Hlcrarchy add ([.Subc1ass,.Subld,.Superld,.Superclass] in .rd); 

cIse 

crror message "Cannot insert a non-empty relation into a class hierarchy". 
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A.2 Proj()ction and Selection 

This detailed description corr~sponds to the algorithm in section 3.6. 

JlIw:fralion. 

Evaluate an expression 

New_rel .- [Name,DOB,Emp#] where Salary = 25 in Office; 

• 
The input expression is parsed and its elel11ent~ are stored in several relations that are go mg 

to be lIsed by the system to generatc an exccutable expression: 

• aIl the attnbutcs betwcen square brackets and III the where clause are !>torcd III a rcl<ltlOll 

• the nallle of the relatIon (R) in the in clause IS stored in the relatIon JOl.n rele 

• the part of the input expressIOn excluding the contents of the in clause IS stored in a 

scalar variable non_relat:ional_part.. 

lllUSlrafÎon. 

ProL Li st (aUr ) 
Name 
DOB 
Emp# 
Salary 

JoinJels (In_rel, Rel_ordr) 
Office 1 

non_relational_part = "NcwJeI ""·IName,DOB,Emp#1 whcrc Salary == 2S 10 It 

• 
We have broken this process into three procedures (Jol.n __ Hl.erarchy, 

Minimum_Join, and Find_Classes_in_Branch) that cali each other. ThIs break down 

enables other proccsses 111 thls appendix to use one or more of the~e procedure..,. The calling 

sequence of the~e procedures is ~hown below: 

Join_Hierarchy calls Minimum_Join calls Fl.nd_Claeees_in_Branch 
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The proœdllrc~ Join H~erarchy, Minimum Join, and Find Classes in Branchare - - - --
~hown bclow. They are 11ILl~trated for the mput expressIOn of section A.2. 

The complete procc~~ of projecting and selccting mhented attributes is presented on 

page 139. 

<c This procedure finds ail the superclasses of the relations in the Join_rels table. The 

<c relation Classes in Branch contains the foUowing information: 

<c .Supercla'ls - the name of the superclass relation 

.cC .Superld 

« ln rel 

- the 1 D field of the !luperclass relation 

- relation for which the superclasses are determined 

« Relld - the ID field of the In rel relation 

<c Rel ordr 

<C ordr 

- arder in whlch current In_rel appears in the input expression 

- arder in which superc1asses are found. The lower the order, the more 

{ 

closely related is the superclass to the In_rel relation. The highest arder 

ll1dlcates the root of the hierarchy to which In_rel belongs. 

~ To inscrt the tirst set of tuples (one for each relation in the Join rels table) into 

~ the Classes_in_Branch relation, we redefine .Superclass as In_rel and ordr as 

~ Rel ordr. The other attnbutes are unknown at this time, so they will have the 

~ valuc De. 

let .Supcrclass be ln rel; let .Superld be DC; let Relld be DC; 

let ordr be ReI_ordr; 

Classcs_Il1)3ranch - [.Superclass,.SuperId,InJel,ReUd,Rel_ordr,ordr] in JoinJels; 

I11I1SI ralW!I. 

Classcs_Il1_Branch (.Superclass,.Superld,InJel, RelId,Rel_ordr,ordr) 
Office DC Office DC 1 1 

• 
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~ To find the immedlate superclas!'I of each input relation, wc Join JOlon_rels Wllh the 

~ . Hierarchy system relation. The ordr attnbute IS calculated by increlllenting the 

~ total count of tuples \11 the mtermcdmtc rdation. 

let Relld be .Subld; 

let ordr be (l'cd + of 1) + 1; 

Classes m Branch < + [.Superclass,.Superld,ln_rel,RelId,Rel_ordr,ordr] in 

Join_rels (In_rel ijoin .Sllbclass) . Hicrarchy; 

llluslration. 

Classes_in_Branch (.Superclass, .Superld,In_rel, RelId,Rcl_ordr,ordr) 
Office DC Oftice DC 1 1 
Permanent Permld Office Otld 1 2 

• 
~ Recurslvely find the other superclasses. Noticc that the attributc RelId exists III the 

~ Classes_in_Branch relation, and therefore that Its value WIll he taken l'rom the 

~ Classes_in_Branch relation rather than from .Hierarchy's .Subld, as It was III 

~ the previolls stcp. 

Classes_\I1_Branch is Classesjn_Branch ujoin 

([.Superclass,. Sllperld,In_rel, RelId, ReI_ ordr ,ordr]inClasses _1I1_Branch 

[.SlIperclass,.SlIperld icomp .Subclass,.SlIbId) .Hicrarchy); 

llluslralion. 

Classes in Branch (.Superclass, 
Office 
Permanent 
Employee 
Person 

• 

.SupcrId, ln Jel, RelId,RcI_ordr ,ordr) 
DC Office De 1 1 
Pcrmld Office Otld 1 2 
Empld Office Otld 1 3 
Pcr~Id Office Otld 1 4 
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procedure MinImum_loIn 0 

<c ThIS plOccdurc finds ail the superclasses of the relations in the input expression and 

<c selects ollly thosc classes which contaIn the attributes of the Prej_List table. 

{ 

Fmd_Classcs_in_BranchO; 

Classes_ with_ attr E- [.Supcrclass, .Superld, InJel,RelId,Rel_ordr,ordr,attr] in 

.rd [.rcl_name,.dom_name ijoin .Superclass,attr] (Classes_in_Branch ujoinProLList); 

llIu.Hm/ion. 

Clal,sel,_ with_attr (.Superclass, .Superld, InJel, RelId, Retordr, ordr, attr ) 
Permanent Perm Id Office Ond 1 2 Name 
Permanent Pcrmld Office Ond 1 2 Salary 
Employee Empld Office Ond 1 3 Emp# 
Person Persld Office Ond 1 4 Name 
Person Persld Office Ond 1 4 DOB 

• 
~ Enslirc that If thcre are any renamed attributes in the specialized classes, those 

~ attributes are projected instead of the attributes with the same name in the more 

c( gencral classes. ThIS 1I1volves determining from the Classes_with_attr relation 

« if any attribute is defined in more than one class. We want to refer only to the 

« more spccmlilcd attnbutcs, !l0 we select those tupI es which have the lowest ordr. 

let attr collnt he equiv + of 1 by In rel,attr; - -
let lowcllt rcl he equh min of ordr by In rel,attr; - -
let contlH.:t_attr he if (attr_count > 1 and ordr > lowest rel) then 1 

cise 0; 

« Special trcatmcnt is rcquired when the input expression contains references to 

~ sel'eml attnbutes of a general class (Name, DOB In Persen), sorne of which are also 

~ dcfint'd lI1 a more specmlilcd c1ass (Name in Permanent). The special treatment 

oc::{ IIlvolws lIlc1udlllg in the Join expression, generated by the sysienl, the projection of 
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~ non-renamed attnbutes from the general class. ln arder to allow unambiguous 

~ projection of the rcnamed attnbutes from the more spcciall/cd c1ass. The attnoutc 

.:c proj_attr_list is gcneratcd from the Classes_with_attr relation and takts care 

~ of necp,ssary projections from gencral classes. 

let list of aUr he cquiv max of (pal' cat of (" ." cat attr) llrdel' ordr 

by .Sllpcrcla~s,In_ rel ,con tllct_attr)by. Superclass, In_rcl.contlict_ aUr; 

let contllct_rcl he eqlliv max of contllct_attr by .Superclass,ln_rcl; 

let proLattrJist be if contllct_rel = 1 theu 

Il ([" cat .Superld cat list_of_attr cat "] in " cat .Supcrclass cat "» Il 

cise .Superclass cat ") "; 

Necessary_ Cla~scs - L.Supercla~s, .Superld, ln_rel ,Relld,Rc1_ ordr ,ordr.proLattr JIS1) 

",hcrc (attr_count = 1 or ordr = loweM_rcl) in Clas~e~_ wilh_altr; 

lllusrrarlOl1. 

Classes with attr - -
(.Sllperclass, .SuperId,In rel, RelId,Rel ordr,ordr.attr ) aUr lowcst contlict - -

count rel aUr 
Permanent Pelmld Office OfId 2 Name " 2 0 <-

Permanent Permld Office OfId 2 Salary 2 0 
Employee Empld Oftïce OfId 3 Emp# 3 0 
Pcrson Persld Ol1ïce OfId 4 Name " 2 1 " 
Person Persld Ol1ïce Ofld 4 DOB 4 () 

Neccssary _Classes 
(.Supcrclass, .Superld,111_rel, RelId,Rel_ordr,ordr, proLattrJlst) 

Permanent Permld Office Ond l 2 "Permanent)" 
Employee Empld Office OfId l 3 Il Employee) " 
Person Persld Office OfId 1 4 "([Persld,DOB) ln Pcrson) " 

• 
~ Wc wIll not need the tup1es with the input relatIOn namcs in the. SuperclasB 

~ attribute. 

update Necessary_Classes delete (where .SuperId = DC in Necessary_Classes); 
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procedure jOIn_Hicrarchy 0 

<c BUlld a Necessary _Classes relation whlch contains only those superclasses of the 

<c relatIOnh) partlclpating in the input expression, WhlCh define the attributes from the 

<c ProLL~st. U~C the Necessary_Classes and the Proj_List tables to generate join 

<c exprc~~lon(~) WhlCh will be uscd to replace the contents of the in clause. Store the 

<c generated exprcsslon(~) tn the relation Expanded_hierarchy. 

{ 

~ To build a join expression we work with the Necessary_Classes relation. Each 

~ tuple i~ lI~cd to provide information of what class is joined on what ID field. The 

<c intermcdiatc attnbutes (before and after) are designed in such a way that, when 

~ concatcnatcd together, they prodllce the reqllired expre ;sion. 

let min_index he equiv min of ordr by InJel; 

let beforc he 

if ordr = 111111 index theu 

InJcI cat Il [" cat Relld cat " IJoin " cat .Superld cat "] Il cat .Superclass cat ") Il 

elsl' .SuperId cat "] II cat .Superclass cat ") If; 

let max_index he cquiv max of ordr by In_rel; 

let aftcr be if ordr = max index then Il Il 

cise 'T' cat .Superld cat " ijoin "; 

let II1t_cxpr he before cat proLattrJist cat after; 

let brackcts hl' C<luiv max of (fun cat of "(" order ordr) by In_rel; 

IIIII.WIïIIIOI/ . 

Ncccssary _Classes 
(.Supcrc lass, .SuperId, ln_rel, RelId, Rel_ ordr ,ordr ,proj_attrJist) 

Permanent Permld Office Ofld 1 2 "Permanent) Il 

Employœ El11pId Office Ofld 1 3 "Employee) Il 

Pcrson Pcrsld Office Ofld 1 4 "([Persld,DOB] in Person) " 
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" 

.. continued from the above relation . 

. Supcrclass min index bcfore 
Permanent 2 "Office [Oftld ijoll1 Perm Id] " 
Employee 2 "Empld] " 
Person 2 "Persld] " 

.. cont111ued from the above relatIOn . 

. Sur.crclass brackets mt_expr 

max index aCter 
4 "[Permld iJolll Il 

4 "[Empld IjOIll Il 

4 " If 

Permanent n«(" 
Employee "«(" 

"Office [Otld ijoin Permld] Permanent) [Permld Ijoin " 
"Empld] Employee) [Empld Ijoin " 

Person Il « (" "Persld] ([Persld.DOB] in Person)) .. 

• 

~ The las! step of joinmg the hierarchy involves generating the tinal J0111 of ail the 

~ necessary classes that will replace the contents of the in clause of the input 

~ expression. 

let expressIOn be equiv max of (par cat of II1t_cxpr ordcr ordr by In_rel) by ln_rel; 

let string_stmt be brackets cat expression; 

ExpandedJlIerarchy E- [In_rel.Re!_ordr,string_stmt] in Ncce~sary_Classc~; 

IllUJlrattoll. 

Expandcd Jl ierarch y 
(lnJc!, Re!_ordr, string_stmt) 
Office l "«(Office rOnd IJom PcrmldJ Permanent) lPcrmId IJoin Empldj 

Employee) [Empld ijoin Persld] ([Pcnld,DOBj in Person» " 

• 
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Process of projecting and selecting inherited attributes 

~ 1. Determine ail the supercla~ses of the relation R and select among them only those 

~ supercla~\c') whlch define the attnbutes referenced in the input expression. 

~ Generale a Join expre~slOn from these selected classes and store It in the relation 

-c Expanded_h~erarchy. These operatIOns are performed in the procedure 

<C Join_H~erarchy which is described on page 137. 

Join_Hicrarchy 0; 

<c 2. In the IIlput expressIOn replace R with the join expression generated in the previous 

-c slep. Evaluate the mput expression. 

let exec_stmt h(' (semt (non_relatlonalyart cat string_stmt cal ";"»; 

S 4- [excc_stmt] in Expanded_hierarchy; 

S; 

/llu.\lrUI;OIl. 

The expressIOn in the relation S is intended to be as follows: 

New_rel - [Name,DOB,Emp#] where Salary = 25 in 

• 

«(Oftïce [Otld ijoin PermId] Permanent) [PermId ijoin Empld] 

Employee) [Empld ijoin Persld] ([Persld,DOB] in Person» ; 
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A.3 Join 

This detailcd description corresponds to the algorithm in section 3.8. 

Jllus/ration. 

Evaluate an expression 

• 

New_rcl - [Name.Emp#,School] whcre Hours> 25 in 

Temporary [Templd ijoin EdId] Education; 

The input expression IS parsed and its clements are stored in several rdations that are gOlllg 

to be used by the sy~tem to generate an executable expressIon: 

• aH the attnbutcs bctwccn square brackets (mcludes proJcctcd and JOIll attnbutcs) and III 

the where c1all~e are stored III a relation ProJ_List (attr); 

• the namcs of the relatlon~ partlclpatmg ln the JOIn arc storcd In Join reis 

• the part of the IIlput expression excludmg the in clause is ~torcd in a scalar variable 

• the informatIOn about the type of Join following each relatIOn in the in clause (whlch 

might include JO\11 annbutes) IS stored 10 the relatIOn Join __ symbol (symbol, Rel __ ordr) • 

where Rel ordr IS the order of the relatIOn in the ill clame afler whlch the symbol IS 

found. 

IlIw/ration. 

ProLList 
(attr ) 
Name 
Emp# 
Templd 
Edld 
Hours 
School 

Join rcl 
(ln_rel, Rel_ordr) 
Temporary 1 
Education 2 

Join_symbol 
(symbol, 
" [Templd I)0ln Edld] .. 

Rel ordr) 
1 

nonJelationalyart = "New_rel +- [Name,Emp#,SchooIJ where Hours> 2S in Il 

• 
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cC 1. Build a Necessary Classes relation which contains only those superclasses of the 

<li: relation~ in the JOl.O_rels table in whlch ail of the aUrib'Jtes from the proLList are 

<c defincd. Comtruct a j01l1 expression from the classes hsted In the 

c( Necessary_Classes and store it 111 the relation Expanded_hierarchy. These 

cC opcratlon~ arc performed In the procedure Join_Hierarchy on page 137. 

JOIl1_Hicrarchy 0; 

llluMral;ol1. 

Classes_in_Branch (.Superclass, .SuperId,In_rel, RelId, Rel_ ordr, ordr) 
Temporary DC Temporary DC 1 1 
Employee Empld Temporary Templd 1 2 
Person Persld Temporary Templd 1 3 
Education DC Education DC 2 2 
Student Studld Education Edld 2 3 
Person PersId Education EdId 2 4 

Classes wlth atlr - -
(.Supcrcla~s, .SlIpl.!rId,In_re1, RelId, Rel_ ordr ,ordr ,attr ) attr Iowest conflict 

Temporary De Temporary 
Tcmporary DC Tcmporary 
Employee Empld Temporary 
Pcrson Pcrsld Temporary 
Education DC Education 
EducatIOn DC Education 
Pcr~oll Pcrsld EducatIOn 

Ncœssary_ Cla" ... c~ 
(. Supcrcla "'''i, . S lIpcrld, In rel, 

Employee EmpId Temporary 
Pcrson Pcrsld Tcmporary 
Pcr~on Pl.!rsld EducatIOn 

Expalldcd_hlcrarchy 
(In_rd, Rd_ordr, ,\tring_stmt) 

count rel attr 
DC 1 1 TempId 1 1 0 
DC 1 1 Hours 1 1 0 
TempId 1 2 Emp# 1 2 0 
Templd 1 3 Name 1 3 0 
DC 2 2 Edld 1 2 0 
DC 2 2 School 1 2 0 
EdId 2 4 Name 1 4 0 

RelId, Rel_ordr,ordr) 
Templd 1 2 
TempId 1 3 
EdId 2 4 

Tcmporary 1 U«Tcmporary [Tcmpld Ijoin Empld] Employee) [Empld ijoin Persld] 
Person) Il 

Education U (Education [EdId iJoin Persld] Person) U 

• 
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-cC 2. Insert the jOIn symbols between generated expressIOns. 

let complete _ stmt be if symbol - = OC' then string_stmt cat " " cat symbol cnt " " 

cise string_ slmt; 

let final_stmt he rcd max of (fun cat of complete_slmt ol'drr ReI_ordr>; 

let exec_stmt hc (stmt (no_rclatlOnalyart cat tïllal_~tInt cat "; If»; 

S - [excc_~tmt] in ExpandedJ1ierarchy ujoin JOl11_symbol; 

S· , 

Illustration. 

The following statcment is executed: 

New_rel - [Name,Emp#,School] whc.'c Hour~ > 25 in 

• 

«Tcmporary [TempId ijoi" EmpId] Employee) [ElllpId ijoin Pcr~ldl Person) 

[Tcmpld ijoin Edld] (EducatIon [Edld ijoin Persld] Person); 

•• 

A.4 Update 

This detailed descnption corresponds to section 3.10. 

A.4.1 Update Operation With Change Clause 

Illusfration. 

Evaluate expression 

1 

update Temporary change Hours - Amount, Emp# +- Pay#, DOB +- Date 

using Pay_errors; 
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The input expn:'l'>lon I~ par~ed and Its element~ are stored In several relations that are going 

to be us.cd by the '>y,>tell1 to generate an executable expression: 

• the name of tlte relation bemg upJated and the name of the relatIOn 10 the using clause 

arc ~tored III the relation J01.n_rels (In_Rel,Rel_ordr); 

• ail the attnbutes refercnccd in tht~ using clause and the attributes on the nght hand side 

of the "~" s.Ylllbol 111 the change clau,>e are s.tored in the relation Proj_List (attr); 

• the attnbute,> bClIlg updated (on the left hand si de of the "E-" symbol) and the attributes 

from whlch they arc a~slgncd values (on the nght hand side of the liE-" symbol) are 

storcd In d rdatlOlI change_update_list (attr,value,attr_ordr), where attr_ordr 

inulcate,> the onkr of attr-value paIrS in the update expressIon. 

I/Iuslralioll. 

ProLLIs.t 
(attr ) 
Amount 
Pay# 
Date 

• 

Join reIs 
(In_rel, 
Temporary 
Pay_errors 

Change _ update J ist 
(aUr, value, attr_ordr) 
Hours Amount 1 
Emp# Pay# 2 
DOB Date 3 

-c 1. Fl\1d the sllperda~scs of aH the relations in the input statement and store them in the 

<te Classes_in_Branch relation. Choose the relations in the Classes_in_Branch on 

~ whlch the attnbutcs in the ProL List are defined, and store those relations in the 

<C Necessary _Cl asses relation. NotIce that Necessary _Classes does not contain the 

<c relation belng updatcd or any of its superclasses since the attributes in the Proj_List 

<c arc l'rom the rcl.ltlon in the llsillg clause. Construct a Jom expression from the 

41 c1a ... s.c'l IIs.ted 111 the Necessary_Classes and store It in the relation 

<C Expanded_hlerarchy. These operations are performed in the procedure 

~ J01.n_Hl.erarchy prcsented on page 137. 

Join_Hlcrarchy 0; 
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lIlustratÎoll. 

Classes_II1_Branch (.Superclass, .Superld,In_rel, 
Tcmporary DC Temporary 

Classes WI th attr _. -

Employee Ell1pIJ Temporary 
Pcrson PcrsId Tcmporary 
Pay _ errors DC Pay _ crrors 
CorrectlOlls CorrId Pay _ crror~ 

RclId, 
OC 
Tcmpld 
Tcmpld 
De 
TcmplJ 

Rcl_ordr.ordr) 
1 1 
1 2 
1 .\ 
'1 '1 ... ... 

2 .\ 

(.Superclass, .SuperId,ln_rel, RelId, Rel_ ordr ,ordr ,attr ) attr lowcst connlct 
count rcl aUr 

Pay_errors DC Pay_errors 
CorrectIons CorrId Pay_errors 
Corrcctiom Corrld Pay_errors 

Neces~ary _ Clas~c~ 
(. Sllpercla~s, . SuperId.l n_rel, 

Corrcctlnm Corrld Pay _ errors 

Expandcd _hlcrarchy 
(In_rel, ReI_ordr, stnng_stmt) 

DC 2 '1 Payll 1 "-

TempId 2 3 Amollnt 1 
Templd 2 3 Date 1 

RelId, Rel_ordr,ordr, proLattrJi'\t) 
Templd 2 3 "Corrections)" 

Pay _ errors 2 Il (Pay _ errors [Tcmpld ijoin CorrIdJ CorrcctJ()Ils) " 

• 

2 
J 
3 

~ 2. Generate and evaluate a join of the necessary sllpcrcla~~ell of the relation 10 the 

~ usillg clause. It I~ Important 10 include III that join the relation beIllg updatcd (R) 

~ so tha t latcr when the supercJasses of Rare updated, only tuple\ wlth olf'ipnng'\ 111 

~ Rare updated. The joJO expressIon IS asslgned to a relatIon Temp _Rel, whlch WIll he 

~ lIscd 111 the millg clau .. es of ail the generated updale ~tatcment... ThIs IIlcrca~e~ 

0 
() 

0 

~ thc ef1ïclcllcy of the cvalliatIOn of those ~tatcmcnt .. bccau~e tlm JOIll cxprC<i'>JOn will 

~ be evaluatcd only once. 

let final_expr he "Tcmp_Rc1 E- Il cat stnng_stmt cat " IJoin Il cat IIlJcl cat "~"; 

let Stmt_tinal he (stml tinal_expr); 

S - [StmtJinal] in «[stnng_stmt] in Expanded_Hlcrarchy) ujoin 

([In_rel] where Rcl_ordr = ] in JOIllJch); 

S' , 
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TcmpJcl - (Pay_crror~ [Templd ijoin CorrId] Corrections) ijoin Temporary; 

• 
cC 3. Dctcrmll1c whlch classes are affccted by the mput update expression (I.e. among the 

cC c1a~s bcmg updatcd and tt~ slIperclasses find the ones on which the attributes in the 

-cC Change _ update _ hst arc defined). The superclasses of the relation being updated 

-cC have been dclcrmmcd m the Join_Hierarchy procedure and are stored in the 

cC Classes in Branch relatIOn. 

Updatc_ Cla'l'lcs - [.SupercIas,s, .Superld,RelId,attr, value,attr_ordr] in 

rd [ rd_name,.dolTI_name ijoin .Superclass,attr] 

«wlU'n' Rcl_ordr = 1 in Classes_in_Branch) ujoin Change_updateJist); 

I/Iuslralion. 

Classes _1Il_Branch (. SlIperclass, .SlIperId,In_rel, 
Tcmporary OC Temporary 
Employee Empld Temporary 
Person Persld Temporary 
Pay_crrors DC Pay_errors 
Corrections CorrId Pay _ errors 

Updatc_ Cla\s,es 
(.SlIperda\s, .Supcrld, RelId, 

Tcmpcrary OC Templd 
Employee Empld Tcmpld 
Person Persld Tcmpld 

• 

aUr, 
Hours 
Emp# 
DOB 

value, 
Amount 
Pay# 
Date 

Relld, 
DC 
TempId 
Templd 
OC 
TempId 

Rel_ordr,ordr) 
1 1 
1 2 
1 3 
2 2 
2 3 

cC 4. For ra dl class, detcfl11Ine the list of assignments to be placed in the change clause. 

<c ThiS IS donc by concatcnatlOg aIl the attr-value pairs defined on the same relation. 

Irt comma Il(' il' altr_ordr = (l'quiv max of attr_ordr by .Superclass) then .,., else","; 

Il't hst_of_upd,ltl'S lu,' (\quiv ma, of (par cat of (attr cat ., - ., value cat comma) 

order aUr _ ordr by . Superclass) by . Superclass; 

145 



II/us/ratlOlI. 

Update_ Cla~~c~ 
(.Superclass .. SupcrId, Rdld. 

Temporary Tcmpld Tcmpld 
Employee Empld Tcmpld 
Person Pcr~[d TcmpId 

• 

attr, 
Hours 
Emp# 
DOB 

value. attr_ordr) comn1a hst_o(_updatcs 
Amount l "" "Hours-Amount" 
Pay# 2 "" "Emp# - pay# " 
Date 3 "" "Don.- Date" 

~ 5. Generale an exccutablc llpdatc cxprc~slon for cach relation an the Update_classes. 

-< Concatcnatc gcncratcd statcmcnts one after anothcr 111 the ~amc orllcr as thc\r 

~ attriblltcs appcar 111 the challge clause of the input update statcmcnt. 

let USING..J0Il1_altr 1H.' if SupcrId = OC or .Supcrld = Rclld thcn .... 

d~t' "1" t'at .Sllpcrld cal" IJOIl1 " fat Rdld cat ") "; 

let update _ expr ht' "updatc " cat . Sup cat " change " c~,t It~t_ of_updates Cilt Il using Il 

t'at USING..J0Ill_attr cat Tcmp _Rel t'at ","; 

let update_ordr he eqlliv min of attr_ordr by .SlIpcrcla\s; 

let ready_updatc_cxpr he (slmt (rcd max of (fun cat of updatc_expr order updatc_ordr»); 

S - [ready_updatc_cxpr] in Update_Clas~cs; 

S; 

II/us/ration. 

The following ~tatcmcnts are cxcclItcd: 

updatc Tcmporary change Hours - Âmount llSing Temp_Rel; 

updatc ElllployèC ('hange Elllp# - Pay# using [Empld ijoin Tcmpld) Tcmp_Rcl; 

updatc Pt.:r'lon rhauge Don ~ Date using [Per~ld ijoin Tcrnpld] Temp_Rcl; 

• 
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A.4.2 Updatc Operation With Add or Detete Clause 

J/lu.\lralion. 

Glven a relation Second_job (Templd, Name, 008, Emp#, Hours). Evaluate the following: 

update Temporary add Second job; 

• 
The input expre~'>lon 1'> parsed and ItS elements are stored in several relations that are tater 

uscd by the '>ystcm to gcncrate an executabJe expression: 

• the name of the relatIOn bcmg updated is stored In the relation Join rels 

• altnhllte~ Il'>led 111 the atlt/ldelete clause are stored in the Proj_Ll.st (attr) relation; If 

thcre IS llO expllclt IJr0Jectlon III the add/delete clause, then the .rd relation is used to 

lïnd ail thc attrlbllte~ of the relation in the add/delete clause; 

• initlali/c a ~calar variable var_clause to "add Il or to "delete Il depending on the clause 

used; 

• ÎllItrali/c a scalar vanable Add Delete rel to the name of the relation in the add/delete - -
clause. 

J/II1.\1Iï1l 1011. 

ProLLi~t (attr ) JOIllJcls (l!1Jel, 
Templd Temporary 

• 

Namc 
DOB 
Emp# 
Hours 

var clause = "add " 
Add _ Delete _ rel = "Second job" 

<c 1. FlIld wluch classes arnong the superclasses of the relation being updated define the 

<C attnblltl'~ of thc relatIOn in the add/delete clause. Use the procedure Minimum_Jain 

<c on page 135. 
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lllustroti.Jn . 

Classes_In _ Branch (.Supt:;c1ass, .Supcrld,ln _ rel, 
Temporary OC Temporary 

Rdld. 
OC 

RcI_ordr.ordr) 

Employee Empld Temporary Templd 
Tcmpld Person Per:;Id Temporary 

Classes wlth altr - -
(.Superclass •. SupcrId.ln rd, 

Temporary DC Tcmporary 
Temporary OC Tcmporary 
Employee EmpId Temporary 
Person PcrsId Temporary 
Person Persld Temporary 

• 

RclId. Rc\_ ordr. ordr.attr 
DC 
DC 
Templd 
TempId 
Templd 

1 1 Tcmpld 
1 1 HOl1r~ 

1 2 Emp# 
1 -' Name 
1 -' DOS 

1 1 

.cC 2. For each c1a~" ln the classes_with_attr tablc, gcnerate the projection IIst of 

~ attributes. The attnblltcs ln thls proJl:ctlOn IIst will be proJccte<.l l'rom the relation 111 

~ the addttle/ete ç\aLl~e and thls will ensurc that for each up<.late ~tatcll\cnt thc 

~ attnbute~ of the add/delete clamc are the ~amc a~ thme of the relatIOn hClIlg 

~ updatcd. If the namc of the ID attnbutc of ~omc ~upcrcIa,,\e\ 1\ Ilot the \tHIIC a'i III 

~ the relation 111 the at/dit/etete clame, thcn, to proJcct the ID attnhutc un<.ler the 

~ appropnatc namc, It 15 ncce~sary to renallle Il to It'i corrc\pondlllg name m the 

« relatton of the addMelete clal1')c. 

let elem of altr lI~t he - - -
if attr = (l'quiv min of attr by .Superclass) then 

if .Sllperld .=; DC thcn " lOI cat aUr 

l'Ise It [It cat .Supcrld CHt "," cat attr; 

else "." cat attr. 

let part_or.J)roLII~t he 

if attr = (cqlliv max of attr by .Superc1ass) then elcm_()f_attr-'I~l cat "1 " 

cise elclll_ot __ attrJI~t; 

let list of attr be eqlliv max or 
(par cat of part_ofyroLII~t order attr by .Supcrclas~) by .Supcrc1ass; 
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let Id_rename h<: if .SupcrId = DC the" '"' 

cl,e "let" cat .Superld cat Il be Il cat Relld cat "; "; 

illustra/IOn. 

C1a~l.ics with attr -
(.Supercla., .. , .Supcrld, ln_rel, RelId, Rel_ordr,ordr,attr ) 

Tcmporary DC Temporary DC 1 1 Templd 
Tcmporary De Temporary DC 1 1 Hours 
Employee Empld Temporary Templd 1 2 Emp# 
Pcrl>on Pcr~ld Tcmporary Templd 1 3 Name 
Pcrson Pcr~ld Temporary Templd 1 3 DOB 

.. contlllllcd l'rom the above table 

.Supcrcl.1'>'> lil>! of attr Id rename 
Temporary " [Hours, TempId] " "" 
Employee " [Empld,Emp#] " 
Pcr~on " [pcrsld,DOB,Name] " 

"let EmpId be TempId;" 
"let Persld be Templd;" 

• 

part_ofJ'rojJist 
Il ,Templd] " 
" [Hours" 
" [Empld,Emp#] " 
",Name] " 
"[Persld DOB " , , 

<c 3. Gener.l!e an update statclllcnt for each relation in the classes_with_attr. 

let updatc_cxpr he "update " cat .Superclass cat " " rat var_clause cat " (" cat list_otattr 

cat " 111 " cat Add_Delete_rel cat ");"; 

let cxccutahlc_cxpr hc (stmt (fun cat of (ldJename cat update_expr) order ordr»; 

S ..... [cxccu!abk_c"prl in Classes_with_attr; 

S; 

IIIlIstr"/lOn. 

The followlIlg statcmcnts will be executed as a resuIt of execution of S: 

updatc Temporary add ([TempId,Hours] in Second job); 

Il'( Empld hl' rcmpld; 

updatp El11ployee add ([Empld,Emp#] in Second job); 

let Pcr!'lld hl' Tcmpld; 

updatc Per~on add ([Pcr~ld,Emp#] in Second job); 

• 
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Appendix B 

Method Inheritance 

This detailed description corresponds to the Section 4.4. 

Method inhentance will be illustrated by the following exarnple. 

Example B-l. Consider two hierarclllcs: Per~on and Pet owncrs. 

Person 
(Id,Name,DOB) 

/ ~ 
Employee Studcnt 

(Id,Stan vear) (ld,FlfSt_registercd,Dcpt) 

// _.~ 
Permanent 
(Id,Salary) 

l~ 

Temporary 
(Id, YTD _haurs) 

Office FIeld 
(Id,phonc) (Id,Site.if) 

Pd oWllcr ... 
(Id,ltofl\:h) 

Cal JVlIC" 
(Id, D,tlL' _ hough t) 

Alter the dec\aratIon of several methods below, the u~er l~')ues a rcqul!\t 10 

evaluate a relatlOnal expression which Involvcs method IrlvocatlOn'i. 

function Years_spent (curr_ycar) 011 Persan; 

rctul'll (clIrr_year - DOB); 

functioll Years_spent (cllrr_ycar) on Employee; 

retunI (curr_year - Start,j'car); 
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f 

funetioll Yc:u"_"pcnt (curr_year) on Student; 

rchlm (curr_year - FlrstJegistered); 

funetion Ycar~_~pcnt (curr_year) on Cat_owners; 

l'cturn (clIrr_year - Date_bought); 

functinn Which_floor 0 on Office; 

Floor ~ if phone > 2000 then 2 

cise l' , 
rclurn (floor); 

functiun FlI1d _ ~tatlls (lncorne); 

statlls ~ if Income > 25 then "rich" 

cise "poor"; 

.. du .... (~tatlls); 

let clIrr .. year h" 91; 

let expcncncc he Years_spent(curr_year); 

let 110or# he Which_floor(); 

let ~tatw .. _II1_~oclcty be Find_status (Salary); 

C'omplcte_lI1fo ~ [Id,cxpcnence,floor#,status_in_society] in Offiee ijoin Cat_owners; 

Dliring the parslIlg of the input expression, independer.tly evaluated 

sllbcxprC~I)IOI1S arc Identificd. For each subexpression found, ereate the relations 

Join reis and Method cal la. 

JOIl1 rds 
(In_Rd, 
Oftïcc 
Cat O\\<ners 1 .. 

Method caBs 
(cali ) 
Years_spent 
Which Floor 
Find status 

l'Of cach I1lcthod WhlCh 15 declared on a specifie c1ass there is a tuple in the 
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.Methods ~y~tclll relation which was IIltroduccd in Section 4.3. The mformatton about 

classes and tlwr ~uperclas~cs IS stored in the . Hierarchy system meta-relatton 

disCllS~cd 111 Scctlon J.2 . 

. Methods 
(.rel, 

Person 
Employee 
SILdcnl 
Office 

.Illdh 

Ycars_~pcnt 

Ycars_spcnt 
Ycars_spent 
WllIch Floor 

Cat owncr~ Y cars _ ~pent 

• 

.Hlcrarchy 
(.Subclass, 
Employee 
Studcnt 
Permanen 1 

Tcmporary 
Oftice 
Field 
Cal owners 

.Subld, .Superclass •. SlIpcrld) 
Id Person Id 
Id Person Id 
Id Employœ Id 
Id Ernployœ Id 
Id Permancnt Id 
Id Permanent Id 
Id Pet owncrs Id 

~ 1. Filld ail the cl(\~~cs on whlch the Illcthods in the Method calle table arc defincd. 

Invoked_lllethod~ E- r.rcl,.l1lcth) in .Mctl1ods [.Illcth ijoin cali) Mcthod_calls; 

IIlUST rllll 0/1 • 

Invoked_l11cthods (. rcl, 
Person 
Employec 
Stlldent 
Office 

.Illclh ) 
Ycars_spent 
Ycars_spent 
Ycars_spcnt 
Which Floor 

Cat owncrs Ycars_spcnt 

• 
~ 2. Find ail the ance~tors of the relatIOns in the Jain rels table and keep the order in 

~ the hICrarchy. WC L1,1,C the procedure Find_Classes_ln_Branch. dcfincd 111 Appcndix 

~ A on page LB whlch lises the Jalon_rels table and generate"i the Classes_in_Branch 

~ relation. 
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J//u.\lraIÎUI1. 

Cla~loc~ III branch 
(.Superclalo~, .Superld,In_rcl, 

• 

orfice De Office 
Perman\:l1t Id Ofticc 
Employ\:c 
Pcrlollil 
Cal OWllcrlo 
Pct owncrlo 

Id 
Id 
Id 
Id 

Oflïcc 
Oflicc 
Cat owncrs 
Cat owners 

RelId, Rel_ordr,ordr) 
DC 1 1 
Id 1 2 
Id 1 3 
Id 1 4 
Id 2 1 
Id 2 2 

<c 3. Determine If ail the I11cthoJs 111 the rnvoked methods are defined on the relations in 

<c the Join rel table or thclr ~uperclasscs. If a method is defined on both a subclass 

<c and It~ \upefcld\\, chomc the subclass. If the relational expressIOn contains more 

<C th an onc relation (Joln_t"el table ha~ more th an one tuple), verify that each method 

<c IS dctïncd 011 only onc of those relations to avoid any amblguity. 

let mm II1dcx he equiv min of ordr by In rel,.meth; - -
let counl tH.' ('qui\' max of (p:1I" + of 1 order In_rel by .meth) by .meth; 

As~ociatll1ll .. - I.Sllp\.?rda.,~, .111\.?th,coullt] where ordr = mm_index in 

Cla~scs_in_branch [.Superclass ijoin .rel] Invoked_methods; 

Il/lI.\'/ ra 1/ (} Il . 

Clas~c~_IIlJ1r(lI1ch [.Supcrclass ijoin .rel] Invoked_methods 
(. S upcrc la., ~, ln_rel, ordr, .meth ) min index count 

Oflïcc Ofticc 1 Which Floor 1 1 
Employee ()flux J y cars _ spcn t 3 2 
Pcr\OI1 Offlcc 4 Years_spent 3 2 
('at (l\\ Ill'( \ ('.It OWllcr~ 1 Ycars_spent 1 2 

A~~Oclatloll 

(.Supcrcl,l"". .l1lcth, count) 
Oftïœ Which Floor 1 -
Employœ Ycar~_spcnt 

Cal o\\nCI\ Y\.?arlo_~pcllt 2 

• 
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~ 4. The Assaciat~an table provides two types of lOformatlon: presence of all\blguou~ly 

<c refercnccd Il1ethl)ll\. and an IIldlcatlOll to the sy~tel11 of whlch ddïllltion of cach 

<ti method ~hollid bè lI~èd dllnng the èvallléltwn of thè l'llrrènt rd.l!lOnal expression Il 

~ the count attnbutè for any l11èthod I~ greatèT lhan one. lhen t1'"lt mClhod 1 ... ddincd on 

~ several lInrCl.ltèd cla)..,l'~. If ::'lll11e Illcthods from the Methad calls "~t arc Ilot round 

~ in the ASSOciation t,lblc. thcn thc~c mcthods are potèntlally gcncnc. 

IlIus/ratio!/ . 

The Assac l.atLOn tabk abovè ll1dlcatcs that the I\lethod Years spent IS dctincd on two 

unrelated cla~)ès and thus introdllccs amblglllty. The evaluatlon cannot procced. and 

an error l11c\~agc 1\ 1'i"lIcd Aho the Illethod Fwd status 1 ... Ilot l1~tcd 11\ t111S tahle. 

ThiS tdb the )y)!el11 th al Fwd_status l~ elther a gcncnc mcthod or It IS not detïncd . 

• 
The amblgllity ("ln be avolded by rewriting the cxpre~~lon: 

Complete_JJ1fo ~ lld,cxpenencc,tloorll,statlls_in_soclCty] in 

Officc ijoin (lld) in C'at_owners); 

As a result the "'y..,tel11 con~ldcr~ two expressIons for detcrmtnlng which Illcthod to apply: 

a) [Id,expencl1cc,n(1orlt .... tatll<; __ II1_~Oclcty] in Oftice 

b) [Id] in Cat_O\vllèr~ 

Il/us/ration. 

The IIltcrpn:tatlOI1 of the cxpres~ioJ1 a) follows the samc ... teps whlch producc the 

mtermedlate rclation~ Il!.ted bclow. 

Classes 111 branch 
(.Sllpercla::>~ •. Supl:rId, Ill_rel, ReJ Id, RcJ_ ordr,ordr) 

Ofticc De Otlïœ OC 1 1 
Permanl:llt [d Ot tice [d 2 
Employee Id Offlcc Id 3 
Person Id Office Id 4 
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Cla~~e':._In_branch [.Superclass ijoin .rel] Invoked_methods 
(.Supcrcla':.~, InJcI, ordr,.meth ) 

Office Officc 1 Whlch Floor 
Employee Officc 3 Ycars_spent 
Pcr~()n Oflïcc 4 Years_spent 

A~~ocJatlon 

(. Sllpcrcla..,~, .ll1cth, 
Office Whlch Floor -
Employee Ycars_spcnt 

COllnt) 
1 
1 

min index count 
1 1 
3 1 
3 1 

Hcre the Assoc ~ation table unamblguously determines that the system should invoke 

mcthod Wh~ch_Floor, defined on the Office class, and should invoke method 

Years_spent dctincd on the Employee c1ass. 

The II1tcrprctatlon of exprc~slOn b) does not follow these steps because there are no 

methO(I<., 1I1voked ln this expression . 

• 
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Appendix C 

Method Broadcasting 

This detailed dc~cnptlon corrc~ponds to Section 5.1. 

To illustiate the operations presented in this appendix, the followmg cxamplc Will he u~cd. 

Given the OBJECT hierarchy 111 the Exalllple 5-4 and the followlI1g mcthod~. 

funetion Calc-'leatll1g_co~t 0 on Room; 

fllnetion Calc_~ILC () on Room; 

flilletion Cale _ ~'.!7C 0 on COllch; 

fllnction Calc_~l/c 0 011 Table; 

function Cale_Sile () 011 ChaIr; 

funetion Calc_Depreclatlon () on Furmture; 

and, after the four dOlllain algebra statcments below, the system cncounters an exprcs~ion 

which cannot be (!Jrcrtly cvaluated: 

let Heating he Calc_heating_cost 0; 

let D~~pr he Cale _ dcpreclatlon 0; 

let RoomSi71~ he Cale_slze 0; 

let Size be suh Cale _ slze 0; 

Costs +- [Ruld,W\(.lth,RoomSlze,Heating,subobjld,Depr,Sizc) 

where Length = 25 in Room; 
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~----

The above 'lt.ttcmcnt na~ to be transformed into the followmg format in order to be 

cxccutablc: 

Cmts +- [Rold, Wldth,RoomSlze,Heating, subobjId,Depr,Sizc] in 

([Rold,Wldth,RoomSlze,Heatmg] where Length = 25 in Room) 

[Rold ijoin aggrcgld] SubobJects ijoin ([subobjld,Depr,Size] in 

(Chair [ChId,Dcpr,Size ujoin Cold,Depr,Size] Couch 

[CoId,Dcpr,Slze ujoin Tald,Depr,Size] Table)); 

The followlIlg ~calar.., arc Inltlahzcd as a re~ult of the parsing of the Input expression: 

condü iOn - thc ~clcetion eritcrion ln the where clause: 

requested cl a ss - the /lamc of the relation m the in clause; 

final_pro]CctlOn - contéllll\ the asslgnmcnt of the projeeted attributes to a new relation. 

The followlIlg relation.., arc 1I11l1a'llcd: 

Collcct_method,,_h..,t (C _Illvok _attr) 

- attnbutes rc~ulttng from methods invokcd by the input expression 

detined on the requested_class; 

SubobJ mClhods h..,! (S II1vok allr) - - - -

- attnbutcs le~lIlting 'rom methods invoked by the input expression 

clthcr not dcfined on the requested_class or calted with the sub 

\...cyword: 

Colleet attflhlltc~ h~t (C_attr,ordr) 

attnblltc~ III the projection list of the input expression that are 

ddïned on the requested __ class with the order in which theyare 

proJcetcd. 

The othcr rl'I.1I1011'i u\l'd hcrc and dcscnbed 111 Sections 5.1 and 3.2: 

. Collection (.l.'ollcctCla~s,. ~llbohJClas~) 

- pam, of colektlve class names (. collectClass) and their 

corrc~pondlng subobject class names (. subobjClass); 
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Subobjects (colkctId,subobJId) 

- hsts the IDs of the collectl ve obJe~is (co llect Id) and the 11)s of the 

~ubobjcct~ (subobJ Id) thàt are part of the l'olkctlw ohll'l't; 

. Hierarchy (. Subc I,l~~,. Subld,. Sl1percld~~, Sllperld) 

- Il~t~ the name of the \upercla~ ... (. Super-class) for l'ach Mlbd.l~'" 

(. Subc lass) and the names of the ID ticld, 111 e .. ll'h dl" 

ll/usfranOI/ . 

requested_class : Room 

condition : "Lcngth = 25" 

finalyrojce!lon : "Co~t - [Rold,Width,RoomSlze,Heatmg, ~uhobJld,Depr,Sl/eJ " 

Collee! mcthod" Il ... t - -
(C_lnvnk_attr ) 

Hcatlllg 
RoomSl/c 

, COllectlOll 

SubobLmC!hodl,_lll,t 
(S_tnvok_attr ) 

Dcpr 
Slze 

(.collectClal,",. sllhobjCla~~) 
Subohjcct~ 

(collectId ,I,ubobj Id) 

• 

ROOl11 COlleh 

Room 
ROOl11 

Table 
ChaIr 

31 1 
31 Il 
31 21 
31 22 
32 2 
32 3 

~ 1. Trcatmcnt of the collective cla~s, 

Collce! atlnhu!c\ Itl,! - --
(C_atlr,ordr) 
Rold 1 
Wldth ') 

. HII.!rarchy 
(. Subcla~~,. SlIbld,. Supcrda ...... ,. SlIpcrIl!) 

Furnlturc hdc! OBJlrr Id 
COllch ('nId Furrllture !-tilt! 
Table Tald Furnlhlrc Fuld 
ChaIr Chld Furmturc hll(\ 
Room Rold OBJECT Id 

~ a) find the namc of the ID tield of the requested_class and IIlc1udc Jt 111 the 

~ Collect attributes Itst. 

C Id - [.Subld] \\hcrc .Subclas) == rcqucstcd cla)~ in .Hicrarchy; - -

Collect_attributc\_II\t E- Colh:!ct_attriblltcs_h~t [e _attr,ordr ujoin .SlIbld,1 ) C Jd, 

J/Iusfration, 

C_Id (.SubId) 
RoId 

• 

Collcct_attnbutcs_h)t (C _attr,0"dr) 
RoId 1 
Wldth 2 
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~ b) gcncratc a proJcctlOn exprcs\ion usmg the information in the requested_class table. 

M {'o __ attnilllk'l he l'l'd max (If (fun cat C_attr_temp order ordr); 

Id CO_lnvok .tttr'l he f"('d lIlax (If (flln cat ("," cat C_JOvok_attr) order C_H:vok_attr); 

let col It:cUnol l'li 1011 hl' "[" l'at Co_attnhlltes cat CO_Invok __ attr!l cat "] "; 

Collcct_Prol __ ll'I E- - 1 col b:t _proJection] in «[Co __ attnbutcs] in Collect_ attnbutes J ist) 

ujoin ([Co_Invok_attrsj in Colleet_methodsJlst»; 

M C_PIllJl'ctIOl1 IH.' "(" l'al eollcxtyrojeetlOll cat " wherc Il cat condition cat " 111 " cat 

rC411t:'ltL'd_cla'l'l l'at ")[" cat C_Id cat " IjOIll collectId] SlibobJccts Ijoin ([subobjId,"; 

I/Im 1 ra ( f() 1/ • 

Collcet attfihule ... h~t Colleet methods list - - - -
(C_attr, ordr) C_attr_lcmp Co attnbutes (C _lnvok _ attr) Co _Invok _ attrs 
Rold l "Rold Il Il Rold, Width" Heatmg ",Heating,RoomSize" 
Wldth '1 ",Wldth" "Rold,Width" RoomSlze ",Heabng,RoomSize" 

Cnllcl't_ pml_rcl (collcctyroJcetlOll ) 
"fRoid, Wldth, Heatlllg,RoomSlze]" 

Whcn the c _prO]ect.1On attnbutc I~ proJceted from the Collect_proj_rel, it will 

havc the \ ,duc: 

"([Rohl. Wldtll,Hcatll1g,RoomSllc] where Length = 25 in Room)[RoId ijoin collectId] 

Suhohll'L'h 110111 ([ 'lubobJld," 

• 
.:( ~. Tre.lI 111 L'Il t ot '1l1hobJect cla~!lcs. 

<t a) find thc c1,\'l'le'l of ~lIbohJects and the names of thelr ID tields. 

SubohLL'I,\"'_ld_rd .... 1 ~lIbohJClas!l .. Subld] in ([.!llIbobJClass] 

"hl'n' . eollcctClass = requcsted _ c1a~s 

in .Collectlon) [.!lubobJCla!ls ijoin .Subclass] . Hierarchy; 
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----------------------------

1 

l 

lIIustfatioll . 

SubobL cla~s _Id _rd l. subobJCla~s .. Subld) 
Chair Chld 
COllch ('old 
Table Tald 

• 
<t b) proJ~L't fmm ea~h ~llhohject da~~ the ID and metlllld\. 

let sub_Jnvo"_attr~ hl' ,'rd ma' of (fun cat ("," t'at S_lIlvok_attr) OI'dl'r S_lIlvoJ..._.atlr); 

let tïr~t_tupk he l'ed min of . ~lIbobjCla~\; 

let lalil lupk hl' n'cl 111:1"\ of ~llbohjCIa~\); 

let before Ill' if \lihohICI.t,,\ = liN Jllple thell "llb_ln\ok_attr~ cat "Im (" 
el ... l' ~ llbJ li ('al '>lIb _1 Jl\ 01..._ allr"l ('al ") ": 

M after Ill' il' \Ulh1hICI,I\\ = I,l\t __ tupk lIu.") ")), Il 

l'I..,e "l" cat .Sllhld ('at \llh_Invok_attr\ ('at " llj()!Il ", 

let ~llb_IIlILTI11_prPJ hl' bdorc fat :-.uhob.lCI,I'''' fat a/kr, 

Irt sub yrolcctlon IH.' 1'('(1 max of (1'1111 fat of ..,uh _1 Jlterlll_proj unit' .. \lIbohJ(,I,I~\L 

Subyro]CCllOn_rd ~ bllb_projl'Ctwnl in (Suhohl_cla\\ __ ld_rel ujuill 

(/~uh_Invok_attr\J in SllhobLmctho<!\JI\I», 

lIIu.\fJ'(1lI01/ . 

SubobLl11cthocb JI..,! 
(S _lf1vok_att r) \llb __ Jf1vok _attr\ 
Depr ",1kpr,Sll.c" 
SI7e ",Dcpr,Sl/c" 

/1 Sllhob,_cla",,_,d_rd 
(.sllbohICI,I'>~. SuhItl) 

1 (,!l,ur ('!lIt! 

3 
CouL'l) 
Table 

Cohl 
laId 

/1 ,>ub_lntcrm_proJ 

li r~t la \t 

tllplc tuple 
Ch,ur Tablc 
Cn<-t,r Table 
(' 11.lI r Ta b le 

bcrore 
"Depr,Sl/cllJl (" 
"( nId,Depr,Sl/c)" 
"TaId.Depr,SllC)" 

l "Dcpr,SlIc]111 (Chair lChld,Dcpr,Sl/c ujoln " 
2 "Cold.Dl..'pr,Sl/el Couch [CoId,Dcpr,Sl/e llJoln .. 
3 "Tald,Dcpr,SlIc] Table)), Il 
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"j<'hld,Dcpr,Sl/c lIJOIIl " 

"!('old,Dcpr,Sl/c U]OIJl " 

")), " 



1 

1 

Sub yrojcctlOn _rel 
(\ub yrojl'ctlon) 

"Dcpr,~I/clll1 (Ch.ur [Chld,Dcpr,Slze uJom CoId,Depr,Slze] Couch [CoId,Depr,Size 
UJOIll Taltl,Depr,Sl/c) Table»);" 

• 
..c 1. Gener.lte and l'val LIate the fi nal join. 

let \ubobJld dcclardllon he ~tm' ("ICI ~ubobJId be " cat .SubId cat ";"); 

IetStmt ,,- ('>lI!lo!JJld _(krlaratlonj ",hrl'c .subobJClass = firsuuple in Subobj_c1assjdJel; 

IctStmt, 

let tinal_lolll_cxpr hl' ... tmt (tinal_projcctlon caf "111 " cat CyrojectIOn cat subyrojection); 

FlIlal_Jolll_Jl'l .- 1 flllal.Jolll_exprl in 

(IC_ proJection] in CollcctyroLrel) ujoin Subyrojection_rel; 

lI/u.Hm! ,11/. 

The CXl'ClItIOIl of letStmt rcslllt~ in the evaluation of the expressIOn 

Il'' \ubohlld IH' ehld; 

The CXl'clItlon of FlIlal.Jolll_rel rcsults In the followlI1g expressIOn beIng evaluated: 

Co.,t ... 11~(lld, Wldth, ROOIllSllc,Hcatlllg, subobjId,Depr,Slze] in 

(!Rold,Wldth,lIeatlllg.RoornSllc] wherc Length = 25 in Room) 

1 Rold ijuin colleetld) Subobjccts ijoin ([~lIbobJId,Dcpr,Slze] in 

(Ch.m [Chld.lkpr.Sl/e lIjoin eoId,Depr,SILe] Couch 

jCold.lkpr.Slle ujoÎn TaId,Depr,Sllc] Table); 

• 
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Appendix D 

Impleillentation of Gedit in Object-Oriented 

Relix 

The Relix code of llm appendill. provldcs the dctalls of Ihe SCCIIOn'i 6.3.2 and b.3.4. 

The dcclaralloll of n:lallons ln Ihe IIlhcntancc hll:rclrchy lJ1 Figurl' 0.3 1'\ ,hown hclow. 

relation VII'\\ (Id ,Sl'lcd, ''-onglfl_ x. t'-onglll_y.f_ wldlh.f_hclght), 

relation Graphie.., (ld,O~l'qn.x,y) 

relation POint (Id), 

relation Clrck (Id,r.ld_x.rad_y); 

relation poly_rlgurl'~ (Id); 

relation Pol) gOI1 (Id), 

relation Polylllll' (Id), 

l'elation FlgUII' (Id, \)l'''c). 

relation Bullofl (Id); 

relation COI\"tr,lInt~ (Id. type,H\(.I~"a 1_ld,a 1_ ~q,a2 _ld,a2 _~q ,a3 _Id,a.~ _ \q,a4 _1<.I,a4 _ ~q); 

Graphl(,~ i ... a VIC\\': 

Pomt i.,a (;rapl1lc'< 

Polygol1 i.,,, Poly_tlgun:, 

Figure ha ... " POlllt, 

FIgure ha,,, Pol)'ll11c; 

Button i~a V ICW, 

Cm:1e i\a Graphlc~; Poly _ figure i,a Graphte\; 

PolyllllC i~a PolLtïgurc; COIl\tralllt,> i,a Bulton; 

Figure ha,a Polygon; 

The following fllnctlon~ are dcclarcd . 
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fUlletiull DI'lpl.ly C) CIII OBJECT; 

ret u rn (D ra \A. Sel t ()); 

function Dr.twSdfo un Graplllc~; 

return (Dr.lwO); 

funt'tinn Dr.rw () un POint; 

PO'lhlTlj>l IllUtlll1: 10 draw a PUlflt 

return (the L'olllpkiion ~tatll" of the postscript routine); 

fundiuli Dr.lW () 011 Cm:lc, 

PO'lt'lL'npt loullllC 10 dr.lw a Clrclc 

n-t Il 1"11 (t he L'OIll pkllon ~tatll~ of the postscnpt routine); 

fUliction Dr.t\\'~elt () 1111 COI1'ltralllts; 

if Hldc = 1 .d ... c then 

PO<,hcnpt WlItlllC to draw the icon 

r1\C cra'lC lC( and arlll~ 

rt.'h.rll (the l'Olllplction ... tallll) of the pmtscript routine); 

l'uII(" iOIl 0\ crl.lp (nng_ x ,ong_y, wldth,helght) on Graphlc~; 

Lcond .-- if (I_llrJg_y > = (mg_y and f_orig_y < = ong_y + hCIght) or 

(t _lHIg_y + f_hclght > = ong_y and 

t _Url!; _y + t hClghl < = ong_y + helght) 

tht'Il Truc 

d,l' ra hc: 

rcs -- if Y _l'ond =- Truc t hell 

if (I-_llng_ '< > = ong_x and t __ orig_x < orig_x + width) or 

(1'_ ong_ x + f wldth > = ong_x and 

t_ong_, + f_ wldth < = ong_x + width) 

t hl'II Truc 

t'l,t' Fahc: 

n'tun. (rc~): 
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function Draw_rrall1~ 0 011 Grarhl~~, 

if Select = Truc thl'11 

Po~tscnpt fOutll1e ln dl~play ~mall ~qllarc arollnd pOl\1t (t~ ong_ x.f_ ong_y) 

Postscnpt routll1e to dl<,play ~mall ~qllare around pOll1t 

(f_ong_ x + f_\\'Idth / 2,(ong_y) 

Post~cnpt routllle to dl~plày small ~qllare around pOInt (l'_Ollg __ X + f_wldth,t_ong_y) 

Po~tscnpt routme to dlsplày ~nl.lll ~ql1are arollnd pomt 

(f __ ong __ x + t_wldth,t_ong.y + f)lI.?lght / 2) 

Po~t~cnpt fOutllle to dl~play ~1l1all "'qll.lfl~ arollnd pomt 

(t'_ong_x + '_wldth,Cong_y + U1Clghl) 

Postscnpl \"Oulme 10 displ.\y ... mall ~qllarc alollnd rOllll 

«(_ong_ x + , __ wldlh / ~,' __ ong __ y + t"-helghl) 

Posbcnpt routIne 10 dl..,play ..,111all ..,quarc around pOilU (, __ ong _ x,f_ ong_y + U1Clght) 

PO~hcnpt rnutme 10 dl~play ~mall ... qu,ue .\round pOInt 

(I-__ ong_x,f_ong __ y + '_hclgllt / 2) 

elSl' 

era~e the l) ~tnall ~q\lare~ around the pcnmctcr If thcy arc lhcrc. 

rctllrn (the col11plctlon ~Iatu~ of the rüst~cnpt routtnc), 

procedure .l\1ow (Î1I:dl:-.t_x,dl)t_y; out:orig_x,ong_y) on VICW; 

ong __ x ~ t_ong_ x + dl:-.t __ x; 

onLY - f_ong_y + dl~t_y; 

procedure l\10\'c_ol1j (in:di:-.t_x,dl:-.t_y; out: new_x,new_y,orig __ x,ong_y) on Graphie'); 

new x 4- .li. + dl~t __ x; 

ncw_y - y + dl<,t_y; 

Mow (in·dl)t_x,dlc.,l_y; ()ut:ong_x,ong_y); 

Generic fun~lloll 

function Draw_ltne (frnm_x,from_y,to_x,lo_y) 

Postscnpt rou\tne to draw a hne from the point (from_x,from_y) to the pomt (to_x,to_y). 
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The followlIlg .,cdIO/l., wllIch provlde the Re!Jx code for the operatIOns descnbed In Chapter 

6 arc numbcrcd II) the .,;lIne way a'l thclr corre~pondmg scetlons In Chapter 6. 

D.3.5.1 Creation of Ohjects 

1('1 Sclect hl' Fal\e; 

updale Graphlc" .. dd ([ID,O~eqn,x,y ,Sclcct,f_orig_x,f_ong_y, t"-wldth,f_helght] 

in Creatc_obj); 

updah.- POlllt mlcl ([Id] "h('I'(' type = "P" in Create_obj); 

IcI rad __ x Ilt' 1(; Ipt rad _y he y. 

updale CIfl'IL' add (/Id,rad_x.rad_y] whcre type = "C" and Oseqn = 2 in Create_obj); 

updatl' CJn:k dt'kle (\\ Ill'r(' ()<,cqn = 2 in CIrcle); 

updatl' Poly~(lll add (/ Id l "hl'I'l' typc 

upelalt' Polylll1c ade! ([Idl "hl'n' lypc 

"G" in Create ob]); 

"L" in Cn:ate obj); 

~ Till'> ClllllplL'le\ the grapllIcal hlcrarchy. Now place ail the abjects into the collective 

0( cla ... .., SlIPP0"'C thal thl- current Figure has Its ID value stored in a scalar variable 

~ currJl<Jure_ld. As we dl~cll~~cd 111 Section 5.1, the 1I1formation about whlch 

oc( suhohll'ct.., an: aWlClated wlth a collective abject IS stored 111 the relation Subobjects. 

M ~lIhoh.lld Iw Id: 

Il'I colkctld Il\' Curr_Flgurc_ld; 

upclah' Suhohll'Cb mlcl ([collcctld,~lIb()bjld] in Create_obj); 

<t The Dlsplay Ilh.'thod ran be apphcd to bath Point and Circ le classes by invoking that 

<c metllOd 011 the Figure clas~. 

M result Ill' Di"'pl,lYO: 

(lIsplay_rr~lIlt .- [Id. n.~:-'1I1t] in Figure; 
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i , 

<c S1I1ce Polygan and Palyll.ne c1a!lses do not have a DrawSelf Illl.'thod. thl'Y will hl.' 

<t dl~played \\'Ith the help of the Draw_llne gClll'nC nh~lhnd l'lm Illdhod t.t'~.l'~ .l~ 

~ paral11l'ler~ the end pOllll~ of a Ilne Poly-til'urc~ are ~1Il111ar III Ill.iI thl'Y (OI1\I\t of 

<c lincs, Thl.' 1.'11(.l pOllH~ of 1:.\(11 lInl.' of Pol ygon and Po l y 11 ne ob)l.'l.'t ... are rl'l.'Oflkd III llnl.' 

<c relation read y_ta _ draw and then the Illl'thod Draw _.11 ne 1" 111\'0"-1.'<.1 on Ih.11 rdallon 

<t To spcclfy the 11Il1.'~ of pnlygons' 

let m'xt_x h,,' p:U' MICC of x OI'dl'r O~cqn hy Id; 

let next_y 1)(' pal' ~IICC of y onh.'1' O\cqn b)' Id; 

rcady_to_draw E- [Id, \,y,l1cxt_ x.ncxt_y] in Polygon; 

let la~t_ vertex Ill' eqlliv ma, ut' O~cqn by Id; 

ready_to_drdw < + [ld.x.y,nl'\l_x.ncxI_y) whl'I'(' Q'icqn - = la\1 vertex in 1'01y11l1c; 

let slatus hl' Dr.t\\_11l11.' (x,y,ncxt_ x,ncxt_y); 

display_re~llit E- IId.\lalll~1 in ready_to_draw; 

D.3.5.2 Sclect ion of Several Ohjects 

let overlapplllg he Ovcrlap (r __ ong_x,r_ong_y,r_wldth,r_hclght); 

update Graphie,> change Select «- ovcriapplllg u,ing ijoin on Scl_ obJCCh; 

let Tes he Draw_fr,llne (); 

dlsplay_rer.,u!t --- rld,rc~1 in Grarlllc~; 
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1 
D.3.5.3 l\loving Sclcctcd Ohjccts 

let Movc_ohJ (ill:dl,>t_x.dl~t_y; out:new_x,new_y,orig_x,orig_y); 

update Grapll1(:~ ('hange x 4- new_x, y c-- new_y, torig_x +- ong_x, f_orig3 - origJ 

II'.,illg ijoÎn on Move_objects; 

let rc,> IH' Dr.lw rr,lI11e 0; 

let rC~lIlt IH.' DI,>play 0; 

dl~plaLrl',>ult .. - lId.re\lIlt,rcs] in Graphies; 

)).3.5.4 lIiding COllstraÎnts / Showing Constraints 

Il'' hldc or Ilot Ill' if mCllU \cl = "Hldc Ali" then True 

l'I~e if 1I1l'IlU ~cl = "H Ide Selectcd" then Select 

cI.,c if 1l1cn u_ ~CI = "Show Ali" then False; 

update COIl\lralllt\ changl' Hlde .. - hlde_or_not using ijoin on Constr_menu_sel; 

let rC~1I11 IH' Dl\piay (); 

dl~play _n:~lIlt c-- IId,rl''>lIltj in COn\lraInt~: 

~ Draw thc l'Olll1Cl'h,xi arm') of the constramts that are not hldden, 

Arl11~ +-Ild. fWlI1_\,frol11_y.x,y] in ([ld.Oseqn.x,y] in Graphies) 

(Id.()~cqn ijoin al_ld,al_sq] 

«al_.ld,al_\q. from_x,from_y] where Hide = False in Constraints); 
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let from_x hl' f_orl~Lx: let frorn_y be (ong_y + (_h~lght: 

Arms < + [IJ, frnll1_ x,from_y,x,y] in ([ld,O~cqn,x,y] in Graplll~~) 

[(J,O~cqn ijoin a~_ld,a.:!_\q) 

(l~~_Id,a.:!_~q, from_x.from_yl whert' Hilk = Falsc in ('on~tr.\1nts); 

let from_x hl' t'-ong __ x + f_wldth; let from __ y be t~ong_y + fJ1L'tght, 

Arms < + [!d, from_x,from_y,x,y] in ((ld,O~cqn,x,y) in Graphl~\) 

[Ju,O~e4n ijoin a3_Jd,a3_~4) 

([a3_ld,a3_~q, from __ x,from_y) where HI(!c = F.\l\c in ('()n~tra\llts): 

let from_x hl' ''-ong_x + t'-wldth; I,-,t from_y h,-' f_ong_y; 

Anus < + [Id, from __ x,from_y,x,y] in ((ld,O\cqn,x,y) in Graphie..,) 

[ld,O ... cqn ÎjoÎn a4_lu,a4_~ql 

([a4Jd,a4_~q, from_x,from_y) whcre Hlue = Fal\c in ('on~tramt..,); 

let statll~ he Dra\\ _lllle (from __ x,from_y,x,y); 

display_anmE- [Ici, ~tatl\~l in Arms; 
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