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1 IHTAOBÛCTTÛS

Ehås thesås rtescribes the arshitecture of a elata

*aaageæent systen SÂTå R'ËSOI!ÊCE ËåfåCEÉ for ÛBü! - fhe

ùec* rtat"a Ëaaage*ent systea fSKSÏ ls cbasen to elesiElnate

a coæp1"ete s¡stea øf stera.ge, eaaipul-ation, ilefiníticn,
aEü sûBtrel faeíLíÈies rather than the s*.npl.ec physicaL

ilata base BarriÈEesert syste* tEBÊfS¡ rhicb proriiles the

accesirg ¡¡ethedts cf the SES- tËü ras rlesiçnerl tc uahe

a hiçk-tr.evel itata leaçrnageo useable by rren-l¡E*{traË&ef,s,

asaíLabl"e Eith current ilata &ase orgaaizations- T&

aitûitåos, åt illestrates that t&e setbcitologíes sbosen

to ia,p1enent these faeÈlitåes Lead tr¡ a flexåÞi}.i.ty

rhåch allscs mågnatior fro* cqcseut to *ore arlvaased

technol.oçåes as the cppcrtrrnity arises-

Cbapter 2 introrteces the ttata Þase concept asð

i.iteat.ifåes scce *f, the prab!.ers that baçe I'i,níteë the

süccesa sf data base systees - Eistccicfi.l etere}opnent

of the ceneept is explcrerl fran bcth organizatioaal, aniÌ

technolclçåcaÏ- rierrpoiats- fhree sågrc.ificant energåcg

trendfs rliscusseë. are:

- tranagiene*t of dtata as a resoefce
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- defånirg data in tecns of its
infornation co*te¡.t

- a set-thesretåc {re}.atioaaL} soilel-

cf rtata strnctere aqcl uaniputr-ation

Ehe fr¡ndacental perpose of ÞÊÉ - the goal cf cteyelop-

isg e techoalagf to ccuplement anel exploít these trenels

- is ûefiueõ-

Chapt.er 3 etefires ohJectires for data uanagecent

systers råth.ia a cottext ef *a&ageeeat obJeeti.res for
itata. Yhe characteristics af, llRH are rtlescríbeil anct

rel.ateë to tþe abJect"ives- Shere possible, çígtifieeat
alter¡.at"íçeç õre ecmpaceõ ter clarify Èbe seleetåan

rationa3e.

Chapter 4 ttescriþes the Ðüä archåtecttr.re ín detall-
Suscess cf a rtata nanageueot sfster rteçlenils rpo!Ì a

poeerftrl enÉ[-aser Langeage- Ehe Däta Reseercs &ccese

Faei.li8y (IlB¡,fg! ås i^ntrenlucetl - Exaeplæ of aLL types

cf stateeerts ån the staað-al.&neç interactåre part cf
S*åFT are gíren - Sçesall ndule strecttce aað costrel

f}'c* çires arr cçerçies of the s¡'sten åtrternals. fhe

specåfåe inglenentati*n d.escriÞeil i.s a staaô-alæe
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query laaguage o er aû ftrS ilata base, althcugh the

systen is equall"y aüaptahle to stateeents åçbeililetl ån a

batch host Laaçcage sr a iliffecent rlata base systea-

Fnnctåor ancl operaåi.on of the nejor aoelnles af I]RË are

specifietl- Htserocs exanples are usetl to clarif¡r the

reçuest translaticn aac! execetio& process-

Chapter 5 sumsarises the i.nsights gainerl f,rsu the

derelo¡ræent ef the DEE sXrstem arckitectnre. .Èreas fer
further sturty and, rf;.ere1*p**nt c>f, tbe ÐSË qsneept êre

åeteståfied-
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2 ÞåTå ffiÀFåGEËEüT SYSEBËS

îhere has Þeea a steaeli.ly riileninç interest ín öata

base systees rçer the }.ast, ðesacte- Eagy'corpcratåons

hare *aêe large irrestments ín etata base tecÞrolcgy

Þoù, a3aer fe$ haçe been sèearileü ei.tb eretr a fracti-sn

ef tbe þenefÍts attri"bateiL to the coneept- Tbís chapter

çxa*irles Êre&e of the reasc$s far tþi.s fail-ure asd the

potenti*I^ reçarels ta tho*e organåzatiesE reuaånicg

eBtf'nåstic of fisal sescess-

?



2s1 Eågfig$gnHÐ

lhe pain prebLen in eliscussing the ilata base concept

ís the lack of consan agËe€Reût asr to rhat a üata base

ås. ff&ere åsu.rt esen agreeneãt tc th.e spel}.ieç of th.e

roril - see BåÞlíøgraphy-! ås a resnlt tbere has been a

ilåvergence of expectations fron the rea}"ity of tectno-

loqf- Êelvances ia bcth Eanageeeutts sn¿lerstanding af

ilat,a ancl the technolcAy of ¿lata base systens cill-
eceetçally Leaê. to the erpected henefits.

fa set" &ke scene fcr the fol"loring ili.scussien several

Èerns are û+n clefåsetf. FcE thås thesis a s*Tå s*58 is
ilefåuert thqs:

*, Ð[f& BåSË is a col].eetåc¿ cf åntecrelateel

&ata¡ storeö ' råth coatrol3eil ted*adanc*1rt

åncteperðeût cf appticatåan progrÉt&s, tç serçe

ætrÎ"típle reçcestors- The tËata base ås *aoaçeit

þy a singtr e softrare sgsten (knorn as a tlata

Ea*age*eat systen!.

Ehree ï"eveÏ.s of strcctures

g

hase been ctefined Ëcr



data hases. Shey are ccnËonly kno*n as (2)¡

futernal - the physicaÏ- strcetnre as storeÉl on

dÍ.sk oD lnass stcragre

C*ncept,eal - tbe açeralL l.ogåcal stnrctrre as

etefiseð by åhe ÐBÀ. tfhe data base

&s perceireel hy the nser connuaítg.l

Erternal - the subset of ùhe clata base itefineil

by a partåcul^ar trsÊr trr ptogra&.

Tbree rt>les are oftea referreet to:
Regue*tor - *,ny terníaal" trser cr appÏ.icaüion

pragrae rhich accssses the ilata þase-

tata .åclnini"streter - Eas oyeraf.l resçroesibil'åty

for nnaaagesent crf integrateeÍ ilata.

?he Bü ûefåaes pcliey a¡il f<¡rpal-ates

tbe lonE-range data base plan.

Data Ease åilnínístratcr - Is respansíble fer
*perati.oaal. nenageaent anrt control

of the clata hases. The lls& clefiues

üata hases. protects {üata integrity,
anel optiuizes iLata hase perfornaüGe-

À triûel1r hel.ð sisccnceptíoa has ilata haçe systers
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tsaintaÍ-rting a ceatralizecl Fcol af all enterpråse etata

forníng tbe basis of a total äanageoent Tcfor*atioa

S¡rsten - It is like1y beyonel huçan capability eeea to
fuÎ"I.y understasd t,he scope of the unc[ertahi-nç (15)-

?here is iloubt that it souldl b* tlesirahl"e ta scnstrust,

a tûtaT- !ÍTSr trere it pcssible- teeisioa rakåag i.s toa

abstrast tc iitenti-fy the ånpets to a girea r[ecision

*ith certalnty- &t best the clata base can bc* a seurce

of scse cf the ånfcrnatien to suppcrt ilecisíon øaklcg-

Simpl3, givirg the ffêEêger *oEe is.ft*rmati.on i-s not

f¡oÍllg ta ímprcve his ilecisicus- The reeð is to provicle

au effective ínfornatåan itel.irery syste&- Cor.venticnal

applícation fi.les c*nt,ain uuch of tbe rlata the Eiù$ager

neeels. ûf ten this clata ís unauai1abl.e to ãaaËrgeuent ilue

te a l"ack af relatahålit¡r of oae file to another. Ebe

tåne and ccst of ilere1aping gEsgiraes tc re1ate åhe dlata

*ay be toû great ta bear. ûR the other hantl, the i¡far-
saùion the eanageE rêceives ås þu¡rÍ.eil ån toa eush ilata-

lBhere ås ao eaerging trend ta treat itata õs a

raltahSe reastrce shich can be nanageÊ b1r eell hac¡st

principS"es to mariuiae its poteatial çalue ta the

1t



en'tertr]f,ise- Propouer,ts of this soacept, knosa as Fata

(or Infornaticn <4t>l Sesource Ëauegenent (37) sr¡ggest

that achi.eçable erpectations far elata are that ít be:

- qarragêab1e lihe any cther reseürce

- cuganizeil tr¡ facilåtate ari!.-hcc reEeest"s

- capab'Le of systenaùic grorùh anil

aëaptaùion

- Íategrateð õcross orçaníøetianal trnåts

cf t&e enterpråse

ffith tfoese erpectatåans in sånd., chapter 3 clevelaps llRä

ohJectiees acet reqai-renents ín top-d.cr¡r fashåcs*

In para3leT. çith the eroluùion af the uar[erstanalf¡g

af ilata, clata hase tecbaol"cgy haE dereLcped. froa åts

predecesssr,s ! greneraLieecl ínput/netput rarti*es anrt

fiLe access sethods. lfsgt1.¡r lltrË$s have beea trceil as

li.ttLe çore than soplristícateet accëss sethails ani[ üata

bases aE aG &ore than ccuplex files. Each systea is
tlesågrert iE the trailítiaua1 RõnE€r- Data bases ôEe

struct,ereil i* the LieÍ.teô ecwtext, of the applåcatLoo -

ünreÏ,ated ilata bases, cith applicatior ori-estatlon"

hape no ailvartaçe ûyer coarentåonal fåles.
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fo irtegrate etata astûss several applicatí+nsr a nes

approach to acalyzíng ínfornatíoa regcirenents is
essential. fbe entity cencept strnctcres Éfata ia ter*s

of the information åt represents. Sbås åtlea Í.s explcreel

in the next sEb-sectiôn-

fhe fírst co*nercíal ttate base lraaageuent systens

a¡rpearei[ arsuu¿l !968. syetews i.tr riile Ese tatlay elate

frop bett*een then aaü l9Vl.. Ëheg are eharesterizetl hy

the clata structure that the aser sees- ?hey inpleuent

s*e af trpo codeLs: netttork(Î3rS) or hierarchíc{2&'3l[].

Tn tbe ear1y serentåes, a tl¡i"rt[ strt¡ctnre ealÏ.etf the

se1aèics*l acdel ras ðeçetr.opeel- ft possessetl a greaÈer

conceptwal si.upÏ"åcity than the ethers asit hai!. a fÍ.cn

foundatien iu natbesatical set tbeorg. ãhere has been

çeeh asaileeie interest i.a rel'atícaal ilata þases sisce

coetil fårçt so}iûifi.ert t&e conce¡rts åa Îg-f? <1?>. Ê

sågni-ficant bcdy of kncrleelge exísts abctrt the

properties of relatícns anð operaLåGas trpct then- fhe

fer i-aplecentations (2?r30r35> are experånentatr- aadt qse

sophi-stíeateel. pbysieal clata stËEcttrsÊs apit access

*et"hr*ils- this såugl"e techaical L*.uitatåoa is a maJor

12



factor sloring the acceptauce of relational systers.

To i[¿te $o co&Eercía1 rel"ationa1 ilata base systea is
açaå1ahLe- Secently e*pbasis has shíftett fron the

cågaraus rlefinlùian of properties to pract,ieal^ aspeets

af inplenentiag û relatisnal etata Eaaagrement syster.

This trentl has leart tc the tRË caneept. Selvantaqres oË a

relatåon*L approach are identåfåee i-u ssÞsection Z-1.2-

2-1sf sffg_ ËEgrgE_çggqEPr

TraôítåcnatrLy data structtre has been ttrasn frero the

d.esign of tþe agplicaticn systêe itsel"f - ft eteuelo¡r *,n

igteçrateil, shareable elata baser a trer source of data

organizat"ioa pust be fcenit- She {lata base ís not

*erel.y a reposi.terry oË val&es¡ but is a eotleL cf scee

li*iteð uníçerse- Ehus onr entlerstanGíng cf that

Etriverse øåght, be qsecl as the Þasis fcr tleter*i.uing

elata reqrrirewents.

the entåtJr cstrcePt is a $aï t* I"cok at the natune af

i,nformaäíon åtself . Ehere are three reaÏ"ws shen

13



lcoking at infornatien atilr as Engles <f9> ncteele EG

tçnð to Junf f¡os one reala tc another rithcnt *araing.

t clear cnöerst,anði.ng of ühese reaI.ns aael their
rel-atianshi.p to one another is ¡eeiletl ia oriler ta
systenatize theåc sappíug in the ðata Þase.

fåcstly there ås the real rorl-cl cf objectsn people'

concepts, ete- $håcfo are of ipterest- Sbese *thingsF

arê k.notn as Ëntities- Supl-oyees" Bco&ncts¡ õÊü bash

aecaerrts are çatities- Froperties are tbe character-

åståcs ef ar erti.ty - age, colcnrr oE Þalance.

The ånfe¡rsatian r:ealn eansisès of ideas abae.t the

real" *ortrd sbåch exist ín the uintts of nes aað sogen-

&ntíties are representetl b¡r propertS' elasses cal.leil

attråbetes- That.Tane B1oggi-ns is a Ftograuner sonlõ

be reprëseated Þy a çalne t*proErantserr ån ber PÛSIEIOfi

attribute- oqc coneegtåon cf an entity å's representeü

bl a col.lecticn eif attråbntes, *bi-ch sûrrespon<l to tbe

properties of, the entåty' gcoapd together ta forn an

Entity *ecord- å propert,¡' hy sbich aB entit¡r is
coææouI"y ktlo*ø t[e nifa&e SÏ"cggins*] is saÏ.led. an fS

attråbute- *eSatianshi"ps betreen entíùåes are a}so of

If¡
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interest.- The recorets anõ rslätiouships releçant tc a

reçuestor forn an erternal (cr l.ogical-! vietl of tb.e

tlata bê,se-

In the t.hírrl or üata real.ü are the Élat,a itens tka

repaesest a tribetes a*el ðata çalues mhích represe*.t

attribute ralees - there aag be EËeï egui.ral.ent coilícgs

f,or a giren attråþtrte value tie frZw¡ nTw$tc, EIIFÌ.

Talues ef the TÐ attråbut"e are representeö by key iteæs

*þích are asei[ to access instances of entitg recerds-

Ëappång froæ reaSity tc isfornatåCIs. i,s a natter cf
deÈer*itrångi tbe thinçs of cassers to the enterpríse antt

itefising entities ríth attråhutes cotrEesponitíng to the

propert,íes of í¡terest- fhe set ef these entåti^es shi.ch

are ccnÍltrterízed forse the øoace¡rteal ðata &ase- This

Frocess is l.acgely a ßatter lrf jndgesent trn the part of

the tlata base plaanecs. SoEÊ sare eest be erereiseil ùo

aaal"yzårg rhat Ís reallT ûf interest ts an enterprise

and, therefore, rhat the entåties &rê- Fcc ínstancen

is these oae F$frSût entity is. a ç€llcpaãy rs data base cr

separate EËPf.ûlÊEr SFû$58, aatt CEILD eatåtåes? fghat

ÊEe the å-epÎ.íeations af thås ilecåsi*n if a fatber anel

N5



scn both *ork f,ar the coapany?! - å set of ral.es ta aiel

in nahÍng these elecisions, hnorn as forçatrizatíoas, are

elísccsseô ín the next seb-seetion.

lhe eoneeptual rlata base f"s itefi¡eil to the EËS by

stateneats ån the llata Eeflnition Language (see sectian
It-Î¡ - lbe êata reals consists of tbe sorrespcarlíng elata

itens anel recocils on physical storage. Ëappi-ag betneen

the trc real^ss is itefinet! by t,he String Ëcdel fsection

3-3.41. Coneegtual record.s nay he naterialized or used

to fera a basís fcr öefinitisn of eæterna]- viers af, the

clata hase. Storðge aai[ æaiutea¿nce of physi.cal itata

aael waåeri.aIÍeaùion cf exterral secortts frap ilata is
the resgonsåbllity of the llata Ëanaçexeet. Syste&.

?-1.2 TtrE frgL&TTGilAL-Ë$ÐEL

In its si"øpÎ"est fors the relatianal' *oilel is a

takul-ar Ëepresentation of clata - å tabl-e corresllsntls to

aa entity- Sasb ror fs an instanee cf the entitf aBë

each colunn is an attrihtrte of the entity reccrü. Ëor

exangl"e the gñgLogSE relaticn sbçua ês a table in

16



EMPLOYEE

DEPARTMENT

EI List all employees .who are progranmers -

E2 List aII employee's names and salaries.

I

E3 List all employees and their department.

\

FIG. 2.2 EXAMPLES OF OPEFå.TTONS ON RELATIONS
,

\
I
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L25
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80

4

4

4
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HANSEN
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Figure 2.2, rhere each ror is a Ferso$ ancl the colunas

speeif¡ tbe enpL.oïeets aane positi-oun ete.

lhe approach has a set of, sùcple but TeËï porerful

operators to guery aað sanipulate tab}es a¡il eatries.
Sesul-ts cf aI.I. operatíons êre, tbensel-ves, tabl"eE rhi-cb

uay be dispÎ.ayeil or fi¡rther operõteet cpcn. f& practise

the nast so*&Gtr operatcrs are3 Selectåon, Projeetion,

ani[ iloåningr.

$electi,ou, ertracts a srbset <¡f the rers of {L table

rhick satåsfg a given ccnrtitÍ.ar. Esauple EÎ shaçs the

resnï.t cf selectíng all gr*gta*Fers fros the EãP¿ÛYEß

relation -

FrcJecti.on extracts a subset of the col'uans froa a

table as s¡recifierl by a list of colusn traaes- Era*pl.e

ftZ sh*çs the praJection of the fÊüB aatt 5ÊL solenns

frcn the ËäPLOfÉg relatios-

Joån ccneatenates roüs of txo tabl"es t*hich share a

csËlton çaltre ån a colunr af hetþ tables- În exaapLe E3

ro*s cf BE9LOY$E anit ÞEFåBllfEilf are Jai.reil çheu their

1T
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ÐEPT col-t¡BÞs are eçüa1..

cc1umns is ileletee[.

Hote that one of the clup3icate

fhe reLational agprcach insl^eües guiclelåaes for data

hase rlesign calleit *ornalizatåons <12>- Tn the

preyions sectåoa it ras stateü that it is ôesirable te
structqse the data accorilínç te its rñea&iûgñ- Hectrrils

shcnltt ecrresponcl to a síngle entit3., råth one caneept

etescribeð btr each relati.on-

First. ser¡aa}" Fûrs restricts the aùtributæ af a

relati.on to siepte valees- ffiE1tí-salue pr*perties ate

separateit i.*tc a Ee$ re3atioa- The tra*y pcajeets that
a$ engl.cyee ecrks ûn are not ín the EËEI,OÏËE relati.on

bt¡t ån a SEuËggs relatåonn uhie& eaf have as EaEf

i.nstaaees as FpreJectsË aD freæployeeF ås assiEaeit to-

$escnõ wer*al Foss reçoÍ"ces tþat al1 attriÞutes uust

cerrespcnil to a prcllerty cf the ent,àty representetl by

that rel"aticn* ñFasen coulel not be starecl fu¡ the

PEûüECES relatian because it is a pro¡rerty of the
aeøplcyeeB only aacÈ not the prcJects assigu,eel tc hí4.

fhirü Eersal Forn reguires tþ.at onl¡r attribut,es that

are itirectly related ta the entit¡r he in the reSation-

18



that is, rnaragerF is a property of aa EËPLOIEE, but

only irclirectly so - bf assaciatien of aÐ Eenployee*

sith â. Fclepartmentç- the FnasaEierE shaeJ.it only be a¡

attri-hnte of a ÞEÞ*.RTl{Hfrg relaticc -

the incousistencåes af assess anrt stcraEe nbåch

uormalisatíon elininates sa?¡ he f.Ll"rstrateil bf a&

SËPLtfË8 relatåon çåth a ünaaagern attríbute. If a}I
e*pl"oye*s af a. itepartneut are reassíginetf the reeorrl of
cbo ls rlepartment eanager is lost. Eoreover, bors roultl

the BËS Ec ahont aasrering the geestioa: ffha is nanaqer

t¡f the eaÏ"es efepart*e*t. Fiaally ccnsi<ler the rertuailaat

effort to cbançe the maûãg¡er far a giren e9e¡rartnent-

I'er llerfcræ the raricus relational o¡reratíons, ít is
regtired thaË rel.atåcns be at l.east in Fírst Horcal-

Écru. tshi^s i"s uc barråer to nsing a rel.ational vieç af
& co!ìne*.ticual" itaèa base, eínce the aorsatrizatíons are

eEuaI.I-y appli-cable to etesågu cf båerarchíc ar netnark

üata structuree <38>- {BBfG repeatíng grffrps eoulö not

be trsecl in tbe structures because they c'rontractiet the

first nornal for¡n-F In a*y case" the ruLes &a noL

guarantee a gocd. ðesign siase they are cnly concerr¡eü

19



rith a structcre coasistest ríth the ðefieec[ entítåes

not the ËccrtrectÊessn of the ôesiEnerts uarlerstautlíngr

of enterpråse enÈítíes- -'::i ',

It ås shosa ín sectien 3-3.3 that tbe senceptual-

sinplicåty cf re1ationa1 systeas €i¡ particulac, tbe

si.ngle sùorage and aceess constfucts! çill. facj.I.i"tate a

greater e[egree of user inü.epenä.ence frea pbysical.

ceusiðeratåons t,han ís ach,íevable *ith the ather rlata

*oelel^s -

:.; :r.l-..

20



ã-2_r!ågg frEs tEcE üÀraGËs ÀPPeoecg

IIRH is a¡ architecture to ill"cstrate box aflrartaçes

of a relatioaal, erternal stsncture cen be realízed

sítbån th.e coatext cf ccrrent teeh*.ol^ogy. This thesls
prelloses that these arlvantages aEe uaialy asstrsiateil

sith in&eperr[e&ce cf the EseE fro* pbysica]. strnctcre,
ancl therefore ca& be ashieç ð by prcvåelinE, in the

short terç:

- a rel"aticaal external vi'e* over a

conventional- e[.ata base stsucture

- a rel-etåonalltrr conplete <11> access

language nseahle by the casual" qser

the s¡rsten si}-T" be ileçeI"opeë råth arr inherent f,I"exi-

ÞíLity to al-lon evatr-utåotarf grcrth ts a coep1ete

package proridingr
* pr*tectiaq of current åaçest,nent

ia üata atril proqrÊns

- the ability ta accotoilate chaages

Í'u reguíce*ents cr EÊers

- the freei[om to eoelåfy the istetra1
eusiroanenå te optinize perËcruarce

trere rlevelcped withir¡

z,r

S¡rsten specifications the



c:ontext cf a set of rirtely aecepted cbjectites for ðata

EatraEerect syst,ens. lhese obJectives in t,uu¡ sel"ate to

Ëaeagenent erpectations f,ar d.ata-

Ëethc{lol.ogíes anit al-gorith*s selecteö fcr tbe DRË

ftractieaal. noitules al"l haçe a scwr{t tbeoretåca} basis.

*bey haçe heen uniteil ínto a f,aei3,it,g *hi.ch Freviðes a

coepl.ete r&¡!ge of operatíans ri.tb reascnable syster

Berfcrnance, çhil.e raintaining the initepenrleuce of
$sers fres dtata rhicb rill alI.os ÞRË to artapt tc resaia
qiable fcr a siqnifí€rant, tice-
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3_ _Srs"E$_ REASIBESËHÎS

Ëanagement pêrspectire is naíntai¡retl in tlre

üefi*ít,ìon cf, Èhe architectere for ÐEEt by tterelopiugr

the frructåasal- requireæents f or the syste* in a

rtoB-d[ors$ fasbi.oa, the top in this c¿rse being the

expectat,ions generaï- Eaoagers haee for ånforøation.

Skese are state{t in terns cf requårenents fer Eesocree

&a&aEeaent, a*É specificaT-1.y, i.nplicatians fcr the rtata

gesoErcg.

Ëharaeteristics of general-i-zeil êata hase uanagenent

s¡rsteæs ftlBESÌ are reçíesed. ín tke c*ntext ef

eanagenent expectatioas- Seven reEuirenetrts, tlefineÉl

bf & joÍ"ct coanittee af th.e 6$ISS ard StråHE co*ptrter

Bsers g:Eorlps, are aitopteel because af their corÌsoÐaûce

çith hígher l"erel- obJeetives aae[ al*osù çniyersal

acceptance ci,thin the íntlustry.

the fucetåenal speeificatiou af IIBü ås deta;il"ed in

the fi.nal secties af thi.s ehapter- Each feature of t!¡e

system is defiaed and Justi-fieð å¿ terss o.f, the

ç$IËE/SfiARS reguireneftts. ålteruatire *pproaches itre

23



tsed to illustrate the sel-ectior ratio¡¡af-e.

3.Î_ËgFeGEËEsE grgEcgaglggÊi rrR pgrÈ
-:ì::_:::

greatång dlata as a resrr¡rse puts inforqation
pr<rcessi*g ia terçs that geueral cacaçe*ent 

,,,;:,t,.,;,,;.,,,

uadersta&tlË. Fíth tbi,s &ailerstanelí.ng elo*es a greater :'"':':"

apprecåation of the nal^cs asë tr-ínitatåons of, ctata- '" ' "
&escncce nanagemeat oråentatåo¡ çill. recuLt in
exgectatåans for d.a.ta shieh paratr"lel thæe f,or ot,her

feso&rees sr¡ch ês cash, &aterial. cr pêasûanel.- In

çenerat they are:

tseabilíty - abåLit1r to appl.Í Ëesourcê

ts achieuing euterprÍ"se

FtrTFGSe -

Coctrol"ahilitf - aþålítl ta insrre raliiti-t¡r 
:,;::::

of anci controL access ta ,,. .,.,,

resclÌrcÊ.

Sffíeiency - optiwisaticn *f sosts anrl

exptroitation cf resc¡uree

&datltaþilíty - BrotecÈíon af i.nvestse¡t

antt ability to såeze

oppertuaitåes -

ã4
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The f,al-lcring suh-sectÈans consåtter

specific reference to the itata resotrce.

tbese çith

3 -!. 1 {rSEåFrLrlr

Íbe rsef,cl"ness ef itata i.s a fanetåcn af, the abil.ity

ta rteríse relevant infcreatics froæ tbe ilata base.

Eef.evance i.s eletermiceil bf seçeral qualities rhose

valne çaries sith each circnqstêltrGê.

fo beEin uith, the öata ítens rhich sati.sfy &

reguest xust exist i-n the ðat,a þase å¡ aa ascessÍ"hl"e

forn. fhe argraai,zatåoa of tLe data eleteræínes the

eteríçab1e åsfarsatíon e¡antent - ID eanf ctrnrentional.

fåÎe sïst'êRs, all- el"euents to satísfy a request exist
Þut are s$ fragxentet[ that f"t ns nct possåb}e to

ertract the ansrer eson{}*ically. The DE![S $t¡st groride

facil"åti.es te orgaaize the ttata such that i.cfor*atian

avaiSable fran a gireæ hoiÍy of eleneets is naxåxizd-

Infor*atian *tst Þe cl^el"ivererl to tbe reqeestcr i"a a

fcrpat arcl ef swch a vc}"uæe so tbat he GrE understaael

ä5
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it. Hæt Eanagers are be.riect ia çoluøes cf ilata tco

çreat to be absorberl- Itforçaticn *rst be tirely.
Ëonth-oÏ"il reparts canoot sepport etay-to-elay cl.ecåsi'o¡s-

Inforæation aust Þe creüiþle; tbe nanagrer *Est trcst

its sal.írti.ty-

Felevaace is aTsc rleperö.ent upon the Sevel of, the

reqeestor is the organiaation - ficbrert ånthcay (1> has

classifieil thsee l"evels of æaragerial actåvity:

- strategåe pl.anniag

- xÊaüagerial control-

- operational control-

Each is charact'erieeð b¡r itåst.ånct rtecision rstrsE anit,

therefore, itÍ'Ëferent, inforsatiou reçuirenes.ts- tbe

first tro are general nanageueaÈ actísities nhi"cb

üenanel a scrporate-síile perspectire. Sheir reçuests

f,cr infornatioa typicalty crtlss f,unctåonal. bccatlaries-

lhe &ata base nust inteçrate tåe üata of the variou.s

functiosal units ånte a gl-obal. stxrçtsre natehing theår

l¡erspectåse-
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3.1.2 COHfRûLÀËIIITÏ

*ithi"s this co¡rtert control eill be tlefinecl as the

eval.r¡atåon of ¡lesisions. Actírítíes inçalvecl ase:

- deterui-ning perfornaoce íEilicatars

- aonítoríng aetual grerforaance

- crnparånE planoecl to actual- perfcrnance

- tahång anf &ecessarf correctice actioa

Fac Õata nanageaeat typical key resuLts ateas

i"ncl"eete sSrstee Eespcr¡¡sê" etata valådi.t¡r, anõ secerity-

3be BFîS must groviile çssþ+nísks to Ë¡areneteråze sïste#

repansírehess, iuscre the integrlty of ilata, anel

ccntro1 accêss to tbe ð*ta Þase. the sfstea atst also

hare buil't-ia nenítoråag eagahilÍ"ties f,clr ueasari.ng

actgaL resnl"ts.

lhe tlata base aclslsistraècr sust, be ån a position to
noðify the physícal structure as a crorrectíve acti.on.

Ilser prograus shautrel trût he ínpacterl by the

ncÉlífåcatíons-

27



3-1.3 åBA,P$ÃEILSÏE

Charge is the onl.y constast in the ðata ençiraunent-

&.elaptation is a r€spûEse to cbange nhÍ.ch ni.ninåzes

potentíal seilucticrs in eff iciencX,. The ilata

*anagenent s¡rstee sh,o¡rlð be able to atlapt to chaage in
tnc rays:

ål Eccqçotlate oen regni-rements aué *sers ríthaut
åepacting aÏ'el users.

ii} Beorganize or take ailuantage of Èes tecbnol.ogy

to åæprore effícieucy.

3s1 -$_&gErcrÉFCT

tnse the pcrpose of a& orgac.ization &as hee*

ctetersiseit the fqn¿laqental- business problen is ta
optimi"ze tke conçersian af resaurceÊ ta aahierecent af
that FuËpcse- Fben corporate infcrçaèicu reguírenents

are def,ined r the data arf*åni"stratcr is Left, råth

íeplecenting th,e ctata strsctare rh.åch satisf,åes these

reçtÈce*ents at æåsi*tr& cost-

28



.:'. -_. - .'.-ì ....'...:,

fhe itata eanagenent s!¡sten çust al].oc for the

onEeing *onitcring anil tuning cf the data bases-

St,ructqral changes to i.apreve perforaance eust be

possible rithaut aelçersely i*pactiuç a*y currest ssers-

29



3-2 ÐBgÅ äã,HAGEilEI? TE.trECfTTÊS

Eather thas focesing rrpon a particular applicrtíen,
tÞe ÐRtr systec is ísteneleef as the softrare nanagrer of

all. ¡Iata bases of the enterEråse. lherefore, it uust

be capable cf servinç the ofter conflietíaç iafsr*atio¡
seeds ef all" areas oË the eaterpråse- Ec warrant

åepleaentatios they cust be eapable of perfcr*ing this
funstion acrûss a hroad, spectran of, crganizati-ons

Eroneraeeu.tn besiness, unirersitåes-

Ît was a. gîûnp ef snch brcacl representatåau olrer

fcrtXr orgranizations - that serË hraught tagether in a

Jerånt proJeet, by the eca¡reter qsers grûrrps ßttltË ancl

StrÉBE to deter*{te the }.ong-rÊEçe requårenents for dEata

Barlage$ent systens- fheir report <Zri>, tabl.eil in 1S7ûr

rÊpreserrted a ecllgrehetsíçe set af, d.esanüs for featüEeç

it fnture ðata base ntanage&ent systees.

Each of the GttIÐElSfrå*E requireæents has bees the

subJect cf ccntÍncetl interest enct extensice research.

Since the obJective of this paper is to bring together

tb.e results of the sast prenising ûf these iaclepeaelent

30



researeh efforts into a nnif,ier[ systeu archi"teetrre, it
is reasonaÞLe ta ailopt the fo1lariag serên requireaeûts

fsr a Étata s&rragsÉent syste*:

- Progran¡,Sat"a IueleBeneleuce

- Þata &elatability

- *on-Rettnattancy

- Ietegrity

- Sectmåtg

Serforøance

- CcepatåbiT.ity

3;2- 1 F&SGBåE¡F,Êtå ISÞBPSI*DEECE

Frograas *ust be aþIe to access ilata independeut of

tbe iaternal stotrage structurs sf the ilata eren as t,hat

strtrsture èçcl.ces tû accosorlate trer ehanging Esage-

Ekree types of, change are iaeçitah3e itr the oçeralL

ðata envirenaent:

- gro*th of the ðaËa hase

- &elt usegs

- technax.ogica} aelsaaces

31



Data tra&agenent systens must be free to adapt to
these chaages ryhi1e preserring the cíabílíty rf curreut

pr$gËêEs.

sh.en a Fragrae is dLesígrretl i.ts functions aEe

íepleneatert accoretirg to an eniLesstaadling of, hoç the

clata ít raguíres *i11 þe aseesseû aotl presenteê. fhís
u,sër data st"ructuce is usually referreil to as an

externa"Î" nnÍeço cf the etata base. Ptrotectian of tfue

ånqestøent. is that, FrogÊalil ís a natter of, eaietaå*inç

tbe abi3åty t* ileliver tlata t* tbe progran iu. the fcrm

ex¡recteil by the FrogrõR -

å typical prograw regtires tccess tc onl.y ¿t subset

of the el.eues.ts of the dlata b&se- Srternal" våers are

rånileirs throwgh ¡rhích the pr*grae tåess thås subset

tbe &ata base as the apglicatåon sees it", tc aehieve

ínilepeadetrce FrÕllEaE operatiors nust be etefíaable i¡
terss of the Ï"cgical. çie* - sis.ce tbis l"ogical' rlata

base is sinEler thao tbe usalerlyi.ag pbysical st.rrcture,

coüång ef appl^icatiots is si-eplifiÊð*

llifepeacleû,ce gives the IIB& greater freeei*n tr Bepage

3ã



the ilata base effeetirely. Sir¡ce proqiraus are $o trcnger

bounel ta a partícular structurer reerganízat,ion can be

tlone as 'aeguiEêë to o¡rtiuiae perfarnanee or to
aeconoclate nex trseËs antl elata elenents. Greater control
of tbe t[ata base caa be exercísert Þy l.íxiting $seE

çi.eçs tc a trneeü-to-ksoçE set of ilata e].egents-

Severaï cï^asses of ila.ta ÍnÉtepenctexlce are

ittentifiabl.e- It is eseful to elonsirter each as a

ferther aí¿t tc uac[erstaatling the iuitepenitence cencept

ancl to estahf,ish so&e hey i.ctlícators for the eçaluati.on

of D8ff- f,esn Sçith {¡ß2> preseats fíçe cl,asses, of
rbicb tbe fírst tnc (stcrage ëeri"ae and physåeal reearô

åntteperÉtence! are features of, al.I. soiLern access

*ethoðs- Lu*píng tbes ríth the thircl yj-elõs three *ajor

classes:

pbysieal st.rt¡etcre ineËepenctence

represe&tatien inrtependeace

rilata strecture inctepenetenee

fhe actual perfornanse of a öata hase sïsteË is a

f,nactisn. of the physicaL organàeation of the elata in
seconilary senorlr frtåsk, Êêss storage) - Fhysåeal
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structÌrre iuöepentlence erist.s Íf progratss are åsclateit

frsn chêûges to that orgatizaticn. Sata ranagenert

sïstees shou1<t provi.ite severatr access eethods ríth
rtiffere*t perfarma*ce characteråstics but, råth eçual

eapability frGB a rtser vierpoint. she Iltså üaf select

from these alteæatíses to optåaíze perfcrsanse.

Ê reglreserrtatíon i.s at encoetiag of the syxbols hy

ehich re ídentífy sawe ohJeet fact or iilea- FJoh&

.3otresÊ, FSp gaaagert. & r*611 S?3 $61m ai.Sht a1"1 be

vaX.iet reprclsestations of the sase ¡rerson- å gnarè is
aSso ß-lq litres antt níght be represented ùhat ray ic a

systeu deren"crpeet af,ter setrif,icatíaa. she s¡stex üust

seîve tkis ner sysèee aT"ong rith el.iler systens rhÍ"eh

sork is guarts- Representatíoe inëepenttence fs the

abilíty of the ûata Eanagecent systen tc* coüvêf,t the

stored[ ça1ue of, aE åtes to aa eEtriralent catltaq as

{tefineit by eaeh usec of that ite*.

Data strucüqre is the canbination of eleses.ts isto

seg*euts, segrøents inta recartls anð relationshíps

betçeen segßents anil recorels - Ëac¡r egtlivale*t physíca3

EÊprËsentations exist for a given streettre- Taråous
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Foitels of öata strûctures ate considsreð Bore fnÏ.ly in

sections 3-3-1 anct 3.3.11 . Êvcluti.on of the ilata þase

and grrcrtb of, the sser coqsunity resoït íe chançss tc

the global. ttata strt¡cttrre (typically, ad,ðition ef ttata

eleeents or reLatío*ships oE spl.ittiag tf reeords$ -

Ilat,a structnre indLepnilence i-s the capaÞilitlt ta

pÊeserçe the exteraal ëata etrectere rie*eit b¡r currett

appÏ.åcaùicns as the internal ctata strnctcfe chô$gies-

3 -2 -2 Egtrå,BrLIrY

Ëueh ef, the iafor*aÈ;åon eos.tent of &. cleta hase

c*ssistç af the rel.atåerrships bet*een ilata eÏ"emeßts -

Ehere tbese relatioc.ships &te of interest tc a

reqcestor the itata &aaageeent system Eust prerriete the

capabítr"ity to specify the assocíatíons co*pIetel-1r anct

Er.ÊtrhÍgnausl^y astt tc extr;act occtrtencÊs o a

relationship fras the ðata hase.

The prcÞLe* faciu.g the tBÊ is hos tt satåsfy the

neeðs of a dLiserse connanity of Eegtxestcrs rhcr in

geoera].r hare Banf ðåffereet concepts cf çhat is
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rel-eçant. in the data base. It ças shorn that an obiect

of interest is nierecl by a tegtrestor as a col-leqtion af

¡rropertåes çhich ean be re¡rresented by a Eronp of

attributes forninE an eutity secortl. ån elaap1e noultl

be aa Ë!!PI,OYËE entity ecusi-sting of SIS'$ÈüE'PSSItIQF'

anct FI&HÉGE& attríþutes- Eelationships betçeen entities

{for instanee EËF¿ÛTEE anü DEP&STüEHt} are also of

ånterest. Tbe recorðs anel re1aticrshågs relesant to

parti"cul"Êt reguestor forn an external çies of the clata

base-

Taricus external" çåecs are coubåneÉl by the ËBÅ inta
a gl-ohaI data structure- $i*ce the vieçsr i¡¡ genera1.n

overlap 6rre aactherr the reseltaat internaL ctata

wappång Í.s ccnplex. fhç itata uanageøent, s¡rstem must

FreseraÊ aII" cf the exterral relatianshíps i"r the

interraï" sttueture. Ê ilecl.aratitre cechanisu is
praviited st¡ that the recercl a¡il relatíonsbiÍ¡ t¡'pes ea¡l

be clefí*eil to the syst'eæ.

$peci.fic instances of tke relatåonships øttst also be

pteservecl- It ís n+t suff,åsåeet to kao* simpl-y that an

EEPLOÏSË is rel-atetl to a D$P&ftfÉEnf' fhe DË5 cust þe
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ENTTTY TYPES

EMPLOYEE (SIN,NAI,IE,POSITION,MANAGER)

DEPART¡4ENT (NAI{E,LOCATÏON)
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(611 492 O75t REECE, SE, LEROUX)

(692 999 43L, CZUK, PROG., REECE)

(SYSTEMS, EMPRESS ST)

(I{ARKETTNG, PIONEER AVE)

(PLANT, CORYDON AVE)
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able ta recorrf that EIiPLOÏEE (|C.fO[ESül ¡rorks in tbe

DEPÈBfËANÎ ¡rgn"*S"Ï . Figra.re 3. ! i.tr Lustrates the

cliff,ere*ee betceen Èypes asd itstances-

3-2.3 troA-BBIltfrD¡.ECt

In an iategratedl ð.ata base there exåst's poteatial

for cluplication cf ilata iteæs - ThÍ.s leacls tc excessíve

starage costs anel, as shorn in úlisc,ussiag

rormalåaati.on, inconsistescåes and difficu}ty in
cpitatång the c[ata base- Iûhen seçeral çersioas of a$

iten are in the clata base eliscrepenci"es Eaf occ¡rr

bet$een çersicns. treöiþil.i.t¡ af the öata iÍísappears if,
åt i.s not possibl"e to üeÈenmåne nhich ís the correct

sal&e -

the elata Eanageuetrt sy-stea nnst Þe able tc eeet the

reqtri-rene¿ts of rela abilåty rítb EninisunË reênuilatrsir-

the previcus stateseat itåffers scsenkat fron the

cItIgE/SE&ÊE caIX. to ne1i.tÍnateñ rerlæilaae¡r. $oæe

reitunctascy say be necessary fcr tb.e preserr'Í¡tåon of

rel"aùianshåps cr rtesírab1e froæ a peirfor*aace
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optiaizaticn stanilpoint.- In aßy case, the ðata

Eanage*e*t systen sbonlel Þ responsíble far *aintaiuíng

redlu¡rd.aat values antonatically rithout reguestoc

iuterçentie$.

Casey & telobe}. (t3) pnt forrarê the preaise that a

i!.ata base ras analcgous to a sritchinç functlon asð

*as, therefnre, suÞJect to optiaization accoräírg to
alqorithns for cinimiEatioa of sri.tchiug a€t$crks-

Hetlenilancy ås reðucei[ by clefining a data structuce

rhere reeLunrtact clata is replaced hy relatienshíps. Bï

app1yínç their methcd.s the Ermþer sf, relationshi,gs

reçuåredl to be stared is redrced to a Êsiainatr" ccrere.

* píninal ccver ås tke ferest reLatÍenships fran ehich

eau be rileríçei[ at L origiaa3 relatiouships (kacr as the

transiti"ve closure!. The FËs Etrst be capa&Ie cf
generatíng Êry relationship in the elssure fros a

storett æinårun ccrer.

sieíIar petäods have been propose& by Baûg

Sedekiae {Illt> for tbe nínicisati"on of reilna{lancy

extersal çier fLesiqs -

&

iE
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3.2-f$ rEggc*rgÏ

å elata base ís nct nerel.y a coÎ.Lecti.o¡ of data

iteæs, Þut is a soÕel cf sace liaiteil uniçerse. ït is
saiel tc hase iutegrítf if it reptresesës a reasõBabtre

confi.geration of that esicerse <U6>- Proteetíolr af

åntegrít¡r aonsists of talcing steps ta ensure that the

sal.tres and rel"ationships of the tlata hase are nct

êanaEecl ûr s€he that çaLues eanforru to user Gt FBå

&efånetL ru.Les of legitanacy- Fotenti.al threats to
åntegrity icc3-ude coepr¡ter systee fa.il"ure" ånteraetioa

of sonsurrent acsÊssors, aniL errcaecüs input éata-

facilitåes ef the û!!S si]-I" be designeû to prevent

ctanaEe, bçt siace so&e rtaeage çiÏ.l" enevitaÞly occcc

there æust also &e provision for recovery.

Preçeatåon falls nain}.y ånto tse cateçrlries:

- åsolation sf sotcr¡rrent ûsers

- enforceseot of legítinacy rules

In osöer ttr åsolate usens" a Loclting necha¡íss eust

þe expieryeil. Locking i.s the Freqess of, grantíng

exc1osive Bse af sone subset of the ifata to a
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subprõcsss. fro prcperties charaeterize auy schese fcr
locking- First, the aechanisn is either high-leYel

12Qì, (ileterni*iug rhlch requests Eaf rEE ccneurrentl"y

by comparíson af, tbeår target itens a*i[ selection

criteria!, or l"cc-leçel <16> (eaqueiog trgon act'uaï"

iteæs sr gronps of itecs in tbe elata base!. Seeonalr tbe

nechanisn is eíthee erplieit fthe regcestor

specifícatrLy itteatifies tbe subset of the ilata hase ta
lcckÌ c>tr inplicit €the DEs shotrlilers the burctea of

krckingi transparent to tbe reguestcrl -

*heneyer Soching ås al.I-oseÕ there ås Fo'tential, for

deaetl-ock ¡ & state ¡rhere seb-prteess å Socks subset St

antl regæests a l<¡ck eñ Sâ shåle sub-process E has

Strcheel sZ asd reçtrests 51- À circular çait has beeu

created rhere aeither sub-prccess caû coøplete- fhree

t¡ecbanisms ase ænnenl.y ecploye*t to resolce iÍeail.loch¡

- Frevent conflicting requests fron erecutíng

cencuEreotly-

- aroåcl exectrtÍag ¡ntentíally couflíctiag

reçEests-

- detecting öeactlock anÉ þaehiag ouê oae of the

ccnf1.åctíng reqcests-
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Legièaaacy rules are eaforceif by executioa of a. EÊer

ilef iuetl funstion foften cal-ler[ an edit routine]

rheneçer a reÏ.ated, state ehangre ccsurs ia the Ëlata

base- these functions are ¡rrecli.cates, defåned to the

sfstêñ intlepenileût1tï of aîy applåcation Frsgraes¡ or

reqeest blochs. Yhenerer a set of eonilítions, rhich

fors paEt of the function elefini.tien, exi-st, the

functåon ís i-nsokeð. If tbe preilícate er¡aluates gñffõ

tþ.es erecutios cortirrues, cthersise executåon

ternínates aocl a$ erseptíon couclitioa is retcrneel to

the regtestoÊ-

ßheg ilanage occtrrs so*e Eeûtrs of recoveri.ng the ilata

base to a Ï"egítínate state nnst be i.nvokee[- fhe acteal.

Frocess otr changíng a vatr-ue in the elata þase reçuires

execution of EaDl nacbine ínstructíans. Shonld a

sysùee failure rccur ilnrång thís praeess tbe ctata base

eaf be inconsistest. fhe tËS Eqst be able tc Þack-out

t&e effects ef th.e process so tbat the iüata base is
aEain çensistert. å Joarnal or 1og saistaÍr.eiL b¡r the

IIHS uíl.I be usec[ for haek-6rrù-

Soneåi*es the itanaqe is sc extessiçe tbat the ilata
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base nust he eeepl"etely recreateð- In orc[er to elo this
oecasiosal copies of the data base are narte auci ased as

the sûürce for recoçer¡r- ?he DüS exasines the journal

and applies yalid ehaeges tG the restoreil clata base

uatil the trast cousisteat state, prior to the disaster.

ís reacheit-

3-2s5 g¡rgrrffrTr

Ðata secu.ri"ty refers to prctection of clata agaiost

aecielesta], or iatentiona1 dfisclosure to unacthorieeë.

pÊrscûsr or unanthorizeil nodificatíoss er destruetior¡

<32>. fhere õre En*eroÌrs aspæts of eF arteçcate

securi.ty FsûEEêhE ir.clcüåug physical protection"

årtertifåcaticn ilevåces" a¿dl personael" seference

checlcing but. this rliscr¡ssion *iI"I restrict åtsel-f to

ùhcse fastcrs i.upleeentab}.e sitbin the ÐES-

She reçtrestcr must be psitirely iileatifiecl to the

systee hefore aecessi¡g the ttata base. É, user-åc! knsm

ta IISS i.s strpplåeil hefore seqnêsts are actei! uptrn- fhe

requester nqst Þe autborizei[ to perfora the ageration
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¡:eguesteð. ?ype anð targeË of each reqûest, is corpateel

to the eserrs profile, rhich i"s associated. çitlr hís

user-itl. lhe reçuesteel operatioa riIL be perforneô ontry

if, Éhe sser has authcrizat^ícn.

Êa Euelit traål, recorüing all êccess to the itata

base sith tbe ceguestorrs fD. i.s *aintaínedl on the

jctrrnal- ßespcasibålit'g fc¡r everg acticn çill^ be knorn

by the respoasi-hle aqthoríties-

3-2-_6 FBEFOREå,SCE

BegardSesc of' *hetåer the systen is to oBerate i"n

es-3íoe cr batch meðe, it is ieportant that the systen

resgrcad ín an accegtable time at reasentabÏ"e cost- tfhat

sorstitutes nacceptablen anel FreasonahleE is iletersi.aert

bf círctrçstances aacl üser attitoef.e. Sxcept for
speci"fic, ileilícatetl ençíronnents, evcl.ut"ioa ef. the ilata

base are[ eser cosm¡¡æ.iüy uiL]- eause perfornance factors
to change cith ti*e- IE the section on inôepenileace ít
ças st,ateð that the ÞBâ, shou].il he free to tahe rhaterer

aetions afÊ necessarlr tc establ.ish and naintain

:'.: ";: '.'? '-'..:: : -.'.
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satisf,act'(¡f,y perfareaEc€ .

fn aüttiticn to soæe ê[egreee of ínelepenilesce, the tHS

q¡¡st prorirle options ef structcre, accessing

*echani.sxs, anö request paraneterizatían çhi.eh öiff,er

in their perforeaace cbacacteristics- tbe DÊå selects

tþe c*xbinatíass of optÍons rhich opt,íuízes perfctuance

for tbat particnlar essíronaent - üoni.toring f'acilities
enaÞLe hip ta eyal-uate systeu e¡reration contieueusly-

As tuni.ng hecenes tecessaÊy, ehaa.ges shall be

ínpl"eeentable sithaut åncurrirg a prchihåtive cost-

3s2-ï CgEPÅsrBrLrsr

ån enterprise rs inrestneat i.n prograts ancl öata çust

he pr*teeteil- On tbç other hand, adçanees Én

technolag¡, both at the reçuestor interface iûaf in
Shysåcal storage cleviaes, offer benefíts that shcu}ð be

real"izedl. ceæpatability is. being able ta elevelcp

appl.åcations using aeç reqnest languages to ascess

cu.rreat rtata bases aue[ coutl-nue to erecute c].ð prograËs

'aft,er the ilata bases have been migrateil to neç stûf,ôEe
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strEctEEes.

Siaee eigratíon takes sc&e tíre to cccur {in

BarÈicc.lar, oXr!. progra.Es rrever sÊe& to êie! the tËS

enst support EaEf co,sþåuatíons of, treF anil okl ,

technoIcgies eoncrlrrentl"¡r .
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3-3 }ATÃ, ÊESS$A,CE EAIË¿GEN CHÀRåCTËRISTTCS

fhe hi.ghest leçel functioual properties cf BRË are

elescribeel i-n this section. $ogether thetr fors the

e¡ternal archi^tecture of tbe systeø the EBnstE

f¡¡nctíons - that ashieçe the requirepents set out in
previots sections.

Ëach ckaracteristic ås ilescribeit in terss of nhat

leai[ ta öeve3apøent of the sonc€Ft, õetailed sturti-es cf
the ccaeept, anð åås relationship tc the reqwírene*t

êÊG&9.

Ehere pcssiÞIe the sever¿l alteruatises &re eongareil

as aE åI"lustr'at,ian of the selectien rationale.

3-3.? sEftËB ggYgr. $Ãrã, SEE$CT$ÎE

åny trre ilata naaageaent sgsten offers at l-east a

tro-I"enel cl.ata strûsttrre: physåcal d"ata hase anõ

applicaticn prograe l"cgåcal- elata. {see f ig 3-3-a} *

Host conqercial systens today (IIÍS(28>, fÐlÍS<Î3>r haçe
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A. TWO-LEVEL STRUCÎURE

B. THREE-LEVEL STRUCTURE

FIG. 3.2 MULTT-LEVEL DATA STRUCTURES



eractl"y tno lenels. Sinee the ttra leçels of stcucture

nest isterface clirectl-y at least one strtrcture prst he

ilefåneel Í.n terss of the particulers of the etker

strrcture. fhis violates the requirenent. for
ítilepende$ce of the external and ånternal strustures

fran one ateither. S solntion ís to aðopt åa

interaerliate Leyel of structuriag, often salled the

globatr" êata deseriptioa, chíeh rå11 serve as a stable

acclel to r*hi"eb the other trsa natteLs are relateð - ffig
3.2-BÞ

ïke three-l"eçel structure ffðs fírst praposeë b¡r tbe

GtlIDg/StrÊEE Jcint cownittee, *here the år¡tersediate

leveL Bas kao*a ¿ls t.he Caaeept,tral Ëoitetr" - Sheiraegh

cliscnssåGas açlpeac ån a paper by Ëairet"<3Î> anrl one of
llartin;s books <33>. ås a first step to
standaril.ízatic¡ cf elata þase sgst.e*s the Stasr[arits

Flannåaç andl Eeguírenents Ccsaittee (SPÀRC] of tùe

åaerican ñatåeral Staartarrts lastitute (åBSfï has

gropeised a morl.el archi-tectEre enccnpassins the

three-leveL strccture {2>- In sp-lte of this ilårect,ion,

au,etr perkaps as a restrlt of the self-eviüest nature of
tbe cotcept, åt has receiseel littl'e attertåon fnon the
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theorists. It is, orre Eå$ht say, Left as

for the inplementoc to Elerf,ora+

an exerc1se

Three fuactåons are iitentífåable for suBport sf a

three-I.esel stresture* Ehey are:
goeceptual- Data Ðeserlption Laagmage

Happing fcon Ertema1 tc Coscepteal. Ëortel

Ëappiag fron truterna} tc Conceptcal Soiìel-

Recogaåainç that the reguesüsrs nÈûeastêncting cf th.e

ðata base *ilL be in t"erãs of tfue Conceptual HoðeL.

fbe Ertecnal as.dl Coneeptual Fatê ûescripåi.ons of ÐRË

are cc*hineel into a si*gLe e¡Èfíert facil"íty. toçether
rith tba üata Haniputratian Langnage. fiappÈugs between

the t$o Ï"eçels are accoxptr"isheô by neans of sta.teneats

ån the s!{L. This approach ås explorerL ncre frrll.y ia
sectíca 3-3.3-

In order ta atrlaw tbe naxåæun trlexåhíIiùy ia
ilefåainç the inÈerna1 storagre striccture, the aappír.g

betseea the Ceinceptra3 arel Internal ËaileI-s cust he

capable of clescríbiag arbåtraritr^y ccuplex sùrucÈrtres- A

string eode1.I.íng nethcd rserl by S&ñ is itescribeü in
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sectiolx 3-3-4-

3.3,2 SELSCTÃEr,g rFrBRfåÊ gg$$cTrr&Ë

Bhat ccustitutes tb,e cpti.mea ioternal strnsÈnre for
a tlata base rill" be rtet,ecnånert by a co*pl'ex of

ençí:ranaental cousirleratioss *hich eåL[ vðr.Ey

si.gni"fåcantly b$th betreeÞ enterprises a¡il ritb tíne
sith.ir¡ a gåren entetpråse. the S&e sust ba e the

freed.sn to select tbe çbaracteri.stics of tbe i-uternal.

itata base tc achåeçe the optåEüu.

In particnlar ÐF& ecst aLlory acsess to the curre&t

rtata bases *åth the, ful.l poÍer of its Eses language antl

the nigra.tion of those elata haEes to Ees techaolagy

strestrres rhiSe olit prograas resain qiab!.e-

Three ceu*only acceptecl eoilels of clata str*cturing
have been iup1enented ia practåcal data nanagenent

systers- fiíth sone exanpl-es, the¡r are¡

Fet¡rork - IDüS, IIBÎG<$>

Hienarcbíc - IffS, S2ûttÌ<34>
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Rel"atíos.al - Systen ft <3>

Ðata strectures eûst Eodel both ctata aE¿[

relati.osships- Saeh noðel type $i11 be öescribed ån

terss of the facilities to itescribe recorrls ansl

retr-atioaships.

ffETgOAK *TCIB8L

Îa a setrsrk" clata strecture aÊy recaçil tfpe Eõy he

connected te any other recorð tfpe- Re3ationships are

ilefínect Þy naaetl paths ecnnectiag the re],eteit resarrt

types- fbe fiata napping is desernbeõ as complex, that

is one-to-oae" one*tc-a&BT. anil *any-to-*ary

relatåonships are psssiÞLe.

For practical" I!{rrposesn systecs äa *où ínpLe*ent

uany-to-Eary rel-atåonships rli-rectly, bct, intra&scÊ atr

Í'nterned,i.ate reeocil rith one-to-aaay relatioaships te
the cther recorels- Systeæs erployi^ug tÞis restrictian
reeagai.ze tna types of recorðs: o*aers asd o*[ed. Â

recartl tFFe Bay be an arr¡erf resotð in soÊe

relati.arshíps ancl, at tbe sa&e tine" êt orñrêr recarcl in
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others-

&n exawple of a netror:h, ilaËa structnre is shom in
fågere 3.3 a-

ETSRåBCnTC ñO8ET"

trr¡ a híerarchåc ilata strustuaÊ a rec6rtI. type ua¡r be

the oener cf eaæy reccrd types bnt eay on!.y be oxnecl by

a sirgl.e recorð type- Ssners êre hacûtr ôs parer.ts;

eirned ceccrrlE as chíLclres- Belatiooshåps aËe

represenüeü hy a Fath capneeting the reS"atet! reccr€[

txrpes.

ff ¿ uaay-to-*any relatåonship is tc be aottelleel' i"t

ís eteseribail çítb t.ro hierarchies eacb r€preseaùiaq one

cf the oue-tc-*any rel-atícnsbips rhi.ch ate. togefhert

eçuiralent to the origital rel-ati.enshÍp.

ån exanple of a håerarchåc dlata strncture is sho*a

i¡ figure 3.3 b.
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8ELÉTTÛYÃL EÛT}EI,

fn a re1.ational clata strnctcre ræords are neÍet

connectecl togiether. fnsteail relatåou.ships arê

ilescribeÕ by actclitíos.al rect*ril types rith eoepounr!. keys

( a c'atenation of tl¡e heys øE the rel.ateci. recoril

types!. Sisce the cate¡ation nay ke aay cenbånatåan of
the inrliriclual hey raÏ-res. many-tc-trag!È relatío¡nships

can he represented. ån erawpl.e of a relatioaal elata

t!.escri-ption is shorn åt fiqure 3-3 e-

In orc[er tc> ainåçize ree!.unüancyn it is clesirable Ëo

reÍ¡rese&t relatåoaships hy &eanË of línks rhereeçer

possihle- ã1"1 re1atioaships are reprìesenteil by Lånks

in a netrork. ffierarcbåc streetunes reçuire rertuntlant

itata rhen reFresenti-ag aau¡r-to-RaaÏr relatåcnsbi¡rs-

*elatioral- structeres represeat aI.I. reLaticaships hy

reelusilant ke¡s. Frrs a reilunelaucy vierpoint., the

netsorh norfeS ís best for internal tlata struetcrång-

Far reasons af eanpatabilit.y {existing ilata}

perfornance freifuuclaaey to reduce access tfure! , it
necessary ta support aI-I. internal aoõel-s, selectable

or
is
at
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the option of the tBÀ - Tapl"ene*tatian of t"hi"s feat¡rre

riLI be exploreit ír¡ greater iletail- iu sectian 3.3.4.

3-3- 3_ËE&årrOffÉL EFfB*neL EgÞsL

HÞile perforcance is of prieary coûc€El in rÞhe

ínter¡ra1 realç, cçnceÍltual si*Ftricåtï' ceneistsncy anit

coøpleteness sf the notlel are the nost inportant

characteristics oif the erternal- eattel. Fcr !Ìo*

cac¡rleteness nay he etefÍ-ueef as the abil-iQ' to æoitel" the

three relationship cf-asseË. siece t,kis is trse of c1l.

ùhe woitels ccnsi.ðerect Í.lr the previcns secti,on ¡ tbe¡r

renais ca¡ritiilates fcr f urther consådteration-

*s a nett step the cocpl"erity of each noilel is
eçaluatec[ by iteternining the auxbers anel kincts of

strecturaï constructs necessaËy ta ilescribe and

Language cctstruets trecessar1r to õccess íts data

structures. Be.su1ts of this ccapari.sot ate suanrarízeð

i.* fig 3.Ê[-

fhe ouly structuraÎ" co¡struct in
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STRUCTURAL

T,ANGUAGE

FIG. 3.4 DATA MODELS CONSTRUCTS

''NETWORKS'' WTTH
SINGLE PARENTS

''HTERARCHIES'' WITH
NO CHÏLDREN

HIERARCHIC

RELATTONSSEG¡4ENTS
POTNTERS

GET

GET ABOVE

GET BELOW

GET

GET ABOVE

GET BELOÏ{

GET VTA

FIG. 3.5 RELATIONSHTP OF MODELS



Eadel. ås the recorit (kaenn

hierarchies anrl aettrcrks have

arel Linhs-

as a relatiou)- Bath

tnr¡ constructs¡ records

& nsefûl sehicle for ecnparíson of the cperatlons

üFea tbe three acdeÏ,s is a propasal. bg Sate <1l3> for
qnif,ied extensions to hiçh-l.eyel- languages al.loriug

ascesa to a}.I. s<>€le1s. üis apprcach i.s baseil EFûE aE

i.$tci-tí$e eni[erstauitåag of reletions ãs a snbset of

hierarchi.es, rhi-ch are, in turn, a subset of rd.parhs

(f,åç 3-5Ï . the prÊei"sÊ ås testecl by' conpreheusåve

examptr"es cf ttre sa&e gr+hÏ"eus çrít,h eac&" coðel- Reselts

cf llate 3s f ieetirlgs are ss*mari.eect å* figure 3.4 . CnSy

Gtre &ccess operator ñaÊ reEe.ireÕ ip the reLatåoaal

exanpl^es aucl tbe overa]"l sode Ías cclrespenrfingly

sÍ"aBl-er thaa its hi.ererchic on netcork eçniral.çrts-

Íhe relatíonal" aoelel is ccnceptual'I.y the sixplest of
the tbree scüels- É rel-atåsa Eay be tboaght af as

fcrmirE a tabÏ.e, a çerf fanili"ar setheö for tbe rlí^spl-ay

of iaf,ornetion. (fables fora tke hasås of, a gÉaphic

clata langnage kno*n as çEery-By-Exaap1.e (tt6)Ì. tolueas

sf the Èaþle represeat the attråbntes anel ro*s the

5*
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e¡ccuretces of the relati-c¡-

O¡rcrations Bpon relations are noù onl¡' sirple Þut

porerful"- Sttr-y six (SELECT, PB$JIECÎ. JûIf;, INSEES,

D&LE$E, a*et tfPDåfS! are reqûireel ancl eacÞ can o¡rerate

tpon aD es.tíre rel"atioa at a tice - The poffeE resul.ts

e.ot only fram the scarcity of operatcrs anrt theír
scotrle, but al"se frasn the fcct that the ful[ f:cnctísnof

the nanipelation operators cirn be eaplo¡reel ia
ilecï.arat,åves. Fcr instance, såûce the resul"t. of anf

o¡reratioa i.s a rel-atåon, statenents of t&e Þata

&anipnlat.íon &anguaEe can be csecl tc ctçfiae esterral
nvÍ^eess af storecl relatiors. å relatienaL s¡steæ

retains a hígh clegree erf åritepe¡elence si¡ee operatåons

are aot fornulaterl. åa ter&s of access paths or speeifi.c

inple*entations ef Linhs-

The Erreatest sa¡.ce cf the rel.atiosal mdel is a

consistency thrcughent íts faci.líties respl.tå¡g frce
åts orlgin in nathesatical" set thecEf- The possibility
of a set theeretic strtrctere ras pastul.atert as early as

1962 <Ê> anet ptrore¡r f,easihl"e by chilös (?Þ Í¡ 1968.

Coetet est"abLishecl a fårs fcqnðatíon f,er iterelopaent of
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the corcept rith tbree Fapers, publishe& in tg76 - 7l-
fhe first <1t> rtefined &-ary relatíans Í¡ a. rtata base

eontert, ilescråbeil operati"ons te nanipqLate relaticns,
anel introrluce& the ceucept cf sor*alizatior - Further

corcaLízatiaus, nhich síapli.fied tbe ôata þase design

Ftocess, sere ðerelopeil ir the seccncl {11>¡ rhile a

rigcrous rl,efånition cf conpleteness af ûata base

sub-I.a*gua$es ras proposedf in the l"ast paper <12>.

Såsce t?¡en great å¡terest has been sbem i.n t&e

acadeæic eo*mueitf asö the research Labaratories cf at
least ene eajor cûRprlter Ea¡¡ufacturer. There is ntlç a

borty of hncrtredge oa nost aspecÈs of ðata nanagenent

systews baseeÌ upon the relational noôel-. Exa-*ples in
çarious suhject areas incl'uele rorks of, the fallorångl
&auçaages - Ckacbçrl*in (6) ancl. the g$I&tr proJect oa

hågh-3evel LauEuages; Ðesågn Casey {t*} anel Reece

(38); Perfarmance - ËaLL <25> a¡ri!. Sæith (ttÎ)¡ Iutegrity
Essaran <Zûr7t> ancl Haæper 126}; $ecuråty

Chauherl.in (5)¡ anü leple¡rertatíon - Ëyopoulr¡s (35) artt

å,strahan <3>-

It is f.ikety thet rela.tionaX. systens r*Í11 besone the
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itaainast force in data narageaent deriug the next.

elecade- Cumeat íepl.e*entations are lieiteil to systens

tsåÈh speciali-zecl sterage structrres fsysten R (3) is
typícaI! . îhe phi"losophy ef tEü is ta nalce the benefåts

of a relatícuaL language availabl.e to the geoeral user

i.*setlíateLy- In{lepenileÊce anê cocpatåbíllt¡ ri1l allor

eígration t*¡ nery storage technclcgies as the¡r becoee

açai}able.

ã.3.T[ SfRTfiG üOTSL

Tf sesecatr iaternal structures are possibl"e in tRË,

a geaeral-izee[ aapping froc the co*ceptual" te ínternal

eeilels" eapable of ðescríhång those structeresn Büst

erist - EerrÏ.ey rs V-graphs <18> anil Senko rs String

Soitels <39> proyicte sush uappings -

String Eoäels are chesen for EãË beeranse of tro
eliffereuces gåving t'he* Kûre ilescrlptíre poÍer tfuan

T-grapÞs. First, tft9 e!.estinctior is naÌte Þetreen types

asc[ isstances cf strings Ífig 3.6] o al-I'erínE supericr

itescriniaati.an rhen selectinç the optinun aceess path-
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TYPES OF STRTNGS

Al A-string EXL= (WU¡I'NAME)

A2 A-string EXL= (ÌIu¡¡TPROJECTTHOURS)

EI E-string g¡¡= (42)

LI L-string EXL= (AlrEI)

INSTANCES OF STRINGS

LI( Ll (

3)

FrG. 3.6 rvPF' / TNSTANCE DTSTTNCTÏON

FOR STRTNGS

5)

A1(1)

695 I JONES

r)
E
I

r (1)
luPs 24

t õt 6 A2(
P4 8.5 A2(2\

A2 (1)

A1 (2)

27L I SMITH

2)

E
I

(2)
I Yp6 3.5

P3 30 A2(
A2 (4)



$ecouiltry" string level senantÍ^cs cleal Eith ohjects ån

the coaceptual realn (i.e- attri.butes in particular
rcl-es| ani[ are. therefone, inüepenðent ef the phgsical

structure and access atetbod.s-

The tbree t¡rpes of strís.gs usetl Ín stråagr no{telling
aae:

- Afato*ieÌ-strings cennect attributes cf a singtr.e

entíty. fhey are analcgons to
seçneuts in IË$ or rêcorcl.s in
a ÊBgG sîstetr.

- E (entity! -stríltgs æBresù suþsets af strings,
ríth the sêBe type ilescription,
etefirieô Þy Þoo1eas, e:rpressíons

fhey are analogsr¡s te tris
cbaiqc in IüS-

- L(TiakÌ-strinqs eoanect, i.nstances of stri*gs
nåth different tlpe ifescri1rtions

theS' are analogsus t+ cbåltl

pc:i^rters in IËS or f-inks ín bBTS

syste&s-

fcgeth*r these types faru a porerfuÍ. facíl.ity to

:, 1_. -t.lJ:.:

;:;-1:-':1;':
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clescribe gerera.lízed ðata strcctures- ?he strirg Eodel-

of the öata hase usec[ ía secùion 4-3 is giraphically

strperixp<¡seel otr the IËS physical structure is Figure

3-7. Hêavy b.oxes represent the IËS segnents anr[ the

heavy arrs*s the painters. fb.e eçuiralent striogs are

shorn as 1iEht arrcss, exeept for L-striags shích are

inðicated besicl.e their eguiralent Parent{båId çninter-
åe is t.be S.-stri.ng ucete1ling the EËFSE6 segeent ancl gT

i.s equitalent to the chain Ï.inki.ng ¡*tlrine oçcure[.ces af
ÎIUSEÊ segÉents-

The st.ring cata}ûgte Forticn of the Ï!åctåonary for
t&e éÍata hase i.s sheryn in figure 3-8. SïFE defines the

striug æcðel fuuetíon of, the få,üE - ã EOÊE_ileËB is a

sIrBcãfB for ar attrihute. ûW ínelåcates rhich st.rångs

ar entEy appears ûn- Bhe EXL or Exít List ínctieates

the entry types founil aE. this stri.ng (å.e. äe stríogs
Låe along Ea striags! - SC is the Stritrçr Cri"teria anë

¿lefines rhiah subsets of tlata ar¡e faund c>n a,n ånstance

ef a sùri.nE- aL1 i.nstatces of As çith a ginen sal.ue af

IIEFF l.ie ûn e$e instance of ES- ân insta&ce <rf Ï"pa

co*&ects an ínstance each of åp an# Ea rith a coatron

value of FRt.l-
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NAME TYPE ON

HRS ATTRTBUTE AA'AI

PROJ ' AP,AW,AA,AT

DESC '' AP

ExL gg

FOR-DEP , II AP

' .. ai.DEPT II AD , AW, AS

BY_DEP ROLE NAME DEPT
t,a

'':

DNA¡{E ATTRTBUTE AD

MGR II AD

NUM II AE , AT,AA

NAME AE

POS "AE
RATE II AE

AP

AA

AD

AW

AS

AE

AT

A-string EPrET PROJ'DESC'FOR-DEP

"EA PROJ,NUM, HRS

I' ED,EWl,ESl DEPT,DNAME'MGR

N EW,EWI DEPT,PROJ

* ES,ESI DEPT,NUM

I' EE,Es NUMTNAME,Pos, RATE

II ET NUM, PROJ , RATE

FIG. 3.8-A STRTNG CATALOGUE (PART 1)



(continued)

NAME ON EXL sc

OO=PROJ

PART=PROJ

OO=DEPT

PART=DEPT

PART=PROJ

PART=DEPT

PART=NUM

SEL=NUM

PART=NUM

MC=PROJ

IvIC=DEPT

MC=DEPT

MC=NUM

MC=NUM

MC=PROJ

TYPE

EP

EA

ED

EW

EW1

ES

ESl

EE

ET

ø

LPA

ø

LDW

LPW

LDS

LES

ø

LET

EP

ED

ED

EE

EE

EP

E-string
ll

ll

tl

ll

tl

tl

tl

L-string
tl

ll

lt

AP

AA

AD

AW

AW

AS

AS

AE

AT

AP,EA

AD,'EW

AD,ES

AE,ET

AE,ESl

AP,EWl

LPA

LDW

LDS

LET

lEs
LPW

|l

tl

FTG. 3.8-B STRING CATALOGUE (PART 2)



3-3så crFsRoL sEpåRågE rRoË åcc$sg

Cont'rol facåI*ities enahle tbe DEA ta ü.efi-ue anet

e¡ercåse authcrity oeer access tc the itata base anil te
inpleuent inteçrit¡ protectios functioss. Eitbin tbe

sca¡re of that etefinítiou are stateeents to:
- ilefine reÏ"atåoss anc[ vieçs,

I'init access of subsets of ðata to
certaia Esers anil çiee-$ersa,

- girant types cf access freact, upttate, et"e!,

- assect integritg rnles,

- trågger seccndary fnnctåcas, aað

- reroke prívåleEes.

1r crcler that the llgå ralntain control of bis

Jurisilictíon, it ís necessarT ta separate contrcl
fnacticas frae the acsessíeg functions of, tbe syster-
ContrcÎ.s are itefíned, h¡r rtecX.aratiçes anil saçeil in the

Ðicti.onary. Fbee a reçEest is cade, IIEII ål¡çohæ aI-].

relateô ccntriols auto*atåcally. Fail.ure *f ary ssntrol
prerlicates sill cause tbe request to be terni¿atett anel

aE eËce¡ltional conititåcn returneû -
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3.3.6 u¡.qrgfta$r DBITEE

ÐRË *aintains a catalog t&at <lessríbes al.l of ùhe

abJects relations, attrihrtes. viers, contcols, aael.

*appångs - of the sfsteÐ. this trlietíoaary is stored as

relaticas accessabl-e hy requestors ¡rho risb t"a knor the

tlescripti.on or structtrre af, the data base-

fb.e eticti.*racy is the sy*bo1 tabl.Ê for the parÊe

rantines- Êll biniliags are nade at request erecution

tåce, except for strir.g moelels to the physåcal etata

strncture rhåch is rtoue at ghysica1 clata base clefåni-

tion tåme- åo optíonal li¡k-time bíaiting capabílity
night Þe alXcneil f,or host-laaçuage eal.l.s. fenporarlF

entries are creôted f,or any iaternedåate relat,ions rr
çariables elefi.aect eser the sccpe cf conpcunet reguests-

Striag noelels also resiüe in the Ðíctioaary, *here

they are asstreiatecl *ith couceptcal ob,Jects they na¡r to
the interaal aoitel. Tegetber råth selectåon criteria
frules tl.efåniog rhat, subsets of ôata are faunil erû an

instarse cf ê. st"ring! , tke moelels are i_nprt to tÞe

string ceso1etíon ancf carle generatíeu routiræ -
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¡T DEE STSîEE-EECflTTSCgE$E

fhis chapter ttescríbes the strt¡cture and eontrel
f,l'or of the SEË data BaûageËent systea- ãs pneei,onsly

çtatecl. ÐRH ís istend"ect to prcvícte tbe benefits of ;r

relatienal interface to üsers råth a Large current
i¡vest*ent ín conre¡ticcal" rtata b.ase tecbnolog¡ - lfhe

confiEuratíon., eletaileel herein, ccnsists cf a qcer¡r anet

ratipelation laaçaage accessing lrierarchie stmctures
nanaged at the physícal Leçel hy fËS - Thís particnl_ar

corfiguratian ¡ras ctrosea fcr illustrat,ion - Ð&Ë ås

intendecå tc access str¡lctures of various physícal &ata

&ase Earagenent Sfsteils.

Syntax of the princi"pal Eser Ì-aaguaEe statenents ås

explaine{l tc Broæote ¡¡aüerstaneliag ef tbe fctrloxíaç
exaupl"es cf systes intersal"s- îhe reaeler rí11 note tbe

singlicity ancL poner of the raråcus opreratíotrs -

Feateres of tke language are cctrsitÍerecl i,n aontext of
systen reçuírenents ríth rhícb they are aÏ.ígne&.

Inter.aaÏ" fencti.ons cf DFE age era&ånedf Ín t'he f,íual-

secti.on cf tke chapter- Eottule d*rscråptions dæcråbe
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the algaråthus for thelr c¡rcration rather thau ccete for
theic i.rpleneutation -
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4.3 llsgR LÂwc¡Iåc.E

The DRË stancL-alcae r¡ser language i"s cal1eei tat"a

Bescucce Åccess Facilify or l)fr*fî. It is baseel tlpûtl

SEQIIEX, 2 <6>. Statesents proriete the ðefiniticn,
access, uanipclationr ôtrd cartrol facílities to neet

reqcirenesùs cLefioert iu the previous chatrrter.

Þata efescriptions ia tke conceptual aud external

realçs, as ueIl as nappings hetreen the tro. are etefi.n-

ett $ith ÞHåFg state*etrts. Sariaus extersal viers are

peissible, rith conpl,exity l.i.eited oal.y hy the Foser of

the $ELECf stôtenent-

the ctata contrcL sËateæents enaÞtre the tBå te grant

r[ifferert 1eçels anil extents of authoritf to ctifferent
Esets. &ssertions ahaut eleta íntegrit"¡r ancf ccntro].

fsrctions are inroheel by the sgsten transparent ta the

re$EestcE.

Eraaples in the Ëol.loçinq sub-sections oc langrcage

syntax ase t,he IlgFÉRÍËËil$, EüPLOÏÊE, åFPLICåBE, auil

PÛSISÏCH re}atiops sbcçs Írr fiçnrË 4.1.
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Descråpticns af the irternal.s cf D*ü (sectíon 4-3Ì

Esê erpressioss ín D*åF? for illustratios-

4-1.1 onEgr sfåTEËÊfiTs

lbe funtlapental ðata accessing operation of SûtrFf is

the SFLEffi. tt nay appear as a cl"ause i$ ¡eËå ath.er

stateaents (see trpctate foc examptr"e! trr as a staatl-alone

gûerf staüenent- Sel"eetios extracts FfiüH a rel-atåo& a

sabset cf, tþe tupl-es satåsfyiag tbe conrtítie¡ns of tbe

Shere c1a$se.

ç1 List th.e reccnils of all proErranners-

Selection Eaf appear Âs a$. o¡leratiou, ¡rithis a trore 
.

coepI.er inEuiry - .i

tZ Hhat i.s the nane of the canager of

rlepartnen¿ 237

ProJectir¡s i.s the cheæíng of a s&&ast of tbe

a.ttriÞutes froe the tuples of a relation. The Eeqnestor
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NU},I NAME DEPT POS RATE

DEPT I DNAMEIMGR

POS I MINTMUM

FTG. ,4.1 RELATIONS FOR DRAFT EXAD{PLES

FROM EMPLOYEE

= I PROGRAMMER I

EI\{PLOYEE

DEPARTMENT

APPLTCANT

POSÏTION

SELECT *
WIIERE POS

Q2

Q3

Q1

Q4A

Q4n

SELECT NAME FROM EMPLOYEE

WHERE NUM = SELECT MGR FRO}I DEPARTMENT

WHERE DEPT = 23

I
SELECT pos,NA}/rE FROM EMpLOyEg . '- - '

SELECT NAME,DNAME FROM EI\ÍPLOYEE,DEPARTMENT

WHERE E}IPLOYEE.DEPT = DEPARTMENT.DEPT

SELECT NAME,DNAME FROM EMPLOYEE X, DEPARTMENT Y

WHERE X.DEPT = Y.DEPT



specifies tbe pÊrjectíos by a list of attråbute traÍses

i.n the SELBCÎ fthe nases Kay be arrangect i.n aay orcter

the requestor nishes! -

t3 T"i-st. the pcsition ancl nane cf all e*plcAees,

,Ïcån is the catenatioa of tnples fros tro relations

satísfyinç a candition betreen attributes frorn each

relatioe rl¡ich share a eo*Eoß valne set.

q& f,íst aÏ"l nanageËs and the traee sf the

ilepartnent t,he¡ sanage.

The coccon relation here ås IÌÉÞg- fr fcrsat Ê the

retr"atíon $ane bas been csecl ta cesol-çe the axhiEuíty ûf

the saee name appearå*g in tno relatíoes. fernat B

åttustrates the use of varíaþIe ríñtres to achíeve the

sanê çEalifi.cati"on-

4- 1.2 üFBÃÏH srågEHgrfs

fhe tser Ëay snb*it IIR&fg statenents to IXSE*Î'
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tËLEfE, or UPÐÃTB irstaqpes in relaticns.

For insertåcrs attributes tc be initialized are

speeåfietl bf tbe IttTt e}.ause ferptíonal sítb a defaul.t

of alI. attributes! - Initial values ase specifieit by a

a. constant taple¡

El Ënsert a ner. enpl"ayee riËh the gi-ven

particu3ilrs-

ar tbe results of a seI-ecti"cn-

EZ Snter a1l hired applicants i.nte the

e*playee table.

üel-etica Eetroses instances of a çiven relatåoa that
satisfy the FEËRE clause froa the Élata base-

tr3 llelete aLl appLicants chc haçe been

hired

tpdate statenents naiti,fy the ralues of attrÍbctes
accsrili-ng to tbe expressions i-n t"he SEE cl"atrse- t{ew
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U2 INSERT INTO EMPLOYEE:

Ul INSERT INTO EI4PLOYEE:

:

SELECT NAME¡POS SOUGHT FROM

WHERE STATUS = THIREDT

APPLICANT

U3 DELETE APPLICANT

$IHERE STATUS = | HTRED I

U4 UPDATE EMPLOYEE E

SET RATE = SELECT MTNTMUM FROM POSITION P

WHERE P.POS = E.POS

WHERE E.RATE = NULL

_l

,.1

DI CREATE TABLE EXPERÏENCE

(NAME (CHAR(20) ) '
POS (Cnen(10) ),
YEARS (TNTEGER) )

D2 DEFINE VIEW EMPDEPT AS:

SELECT NA¡4E'DNAME 
,,, ,,, ,.,

FROM EMPLOYEE E, DEPARTI{ENT D 't':,::t:;::

WHERE E.DEPT = D'DEPT

\

D3 DROP VIEW EMPDEPÎ



calues tray be stateö as eansùants, expressicnsr êt
SELEgf claeses-

tttf Set aty ewployees rit"h no satrary rate

to the ni.nínun for their ¡rcsltiou-

$-1.3 sÀs& sßgllrÏflsF sg¿ÐEtrËsgs

Sata etefiaition state*enès cf IltåF? al"ler tlre BSå tc

C*Eågg relatåc*s, ÐËFIEE ciensn ard DEûF either clata

clefiniticn oE contuol ðec1aratiçes froq the Bictåcnary-

*he CREå$E statenent eãtecs a $es fÈ8LE fl!ß[fg BaBe

far a rel"ation!, alouE çíth íts FÏBLD fattri-buteÏ
elefiuÍ.tåcrs, ånto the l!åctíonary-

Ð1 Sefine aB experieace relatio* Eith , , 
.

2$ charaeter EÊBe, 1$ cbaracüer positåon,

anô bi-nary fears attråhutes-

,,.t:. :--ì.t.

External çi-ers of relatious êre createif yia the

llEFIt[E statenent* fhis exanple ís the first appearaüce
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of a sel-ection in a cleclaratíve. Shile eaDF systens

sererely restsict exterual" vier (nsua1l!, tc projectioas

fras conceptnaL recarrtsfu tnË allcrs the faI-I grcner af
its query facil"ity to be useö in' ilef,iniag viers- frZ

uses seleetien, joia¡ anil ¡rraJectioR-

Ð2 llefine a vier aontaining all- eepLoyee

Ea&es síth their ele*artne¡rt DaEe.

Systen enti-ties, such as asserti-ons, tahles, äûd

råees, are t!.eï.eted f,rom the I'Í.ctíanary Eith a Þ*tF-

D3 Ðeï.ete the EËPSEF$ såery f rt¡ø the systen.

4-tss g$t{gRüL STÃ.TEHEESS

Protection of the security anet åntegrit¡r ef the etata

þase are criti.cal tr scccessf,nl aanageaent of ðata-

Conärol- faci.l.ities of IÌÈåFf consist of stateÉerts t,a

GBÀIE or ßETûKE rarices ilegrees of autbcrity tr üsers,

&SSERf ra1.åiËity scnêåticns for mctlificatíera of vaX.ees

ín the ð¿ta base, auto*fr.tícall"y lSIgcSR nouítaring rr
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cl GRANT READ ON POSTTION I

READ, UPDATE(POS'RATE) ON EMPLOYEE

TO FRANKTDTCK

C2 REVOKE INSERT ON APPLTCANT

. FROM DON.

C3 ASSERT PROG_DEPT ON EMPLOYEE X:

IF POS = TPROGRAMMERI

THEN 'SYSTEMS, = SELECT DNAME

FROM DEPARTMENT Y

WHERE Y.DEPT = X'DEPT

C4 DEFTNE TRIGGER NEVIEMP

ON TNSERT OF dMPT,OYEU N 
'

DELETE APPLTCANT A

WHERE A.NAME = E.NAI\4E



íntegritl¡ FresernånE operations rben certain eonöiticns

occEr-

the GB&,Bf statesent specifåes rel^atÈotrs a rser EaIr

rseeç ancl wÞat opereti,ons he eay perferrn tË¡or tfren-

ÊuthorÍ.ty is exercísaþle úlo*n tc the attribute leçel

faote the upetrate option ån exacpl.e CÎ'.

C1 åutborice nseEs Fraak aail Ðich to reae[

pcsitåons anrtr enployees atrü upclate the

posiåicn anet rate attríbutes af enplcyees-

Scwe or aI-]- of a Eserrs privileges øay be rescinðecl

by ueans of a ftËTOEE stateeent-

C2 Êer*ke Donûs acthcrit1 tc insert açrplicants-

*ay co*hípatíolr af ç*åfff a¡.el ngvOt{E state*euts aay

be Esed tc clefise or nacfífy a userrs prcfíle.

fhe IIBß, nay l,$SEFf coæslítions that *ust be satis-
fíed þefsse an upd.ate operatåon is aLlaeecl. Ésserti.ons

{they e1çht be thonght as system eêíts} are useil üc

: . -a.:'.-
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implewent ínsùalLation defiaeô integrity ccrtre,l.s õver

the ralues in the ðata hase- If aa insertr opcfater t>r

iletr ete operation ríol"ates an asserticn, the entíre

Eegtest is teraånatecl anc[ aa abnarnal conditioa is
tret,graeö-

C3 üa enployee Baf have the positiea of
progcaËtser t¡sless assi.gaeil to tüe

Systerrs Departwent-

tften the IIBÀ riLl" $aot to assure t.hat soge acticn

eccuts åf a particulaÊ ûperation i.s exeeuteil against

the etata base. IlRg rå1I autcnatåca1ly incake actions

itefånei! bf a fRIGGER clecl.arati.ve rbenerer the specif,åetl

OE coaditíeia oceurs.

C¡t telete rÈ Ferson:s applícation if that

Elêrsûn ås adöeil as rB enployee-

::::.- l,;",;.:i
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4-2 srgrEÉ rEssENArs åEg goEsaût ËLgg

ån ínitial íaplesentation of ûRË riL1 censist orf. a

stand-al"one Larguage iaterface to acsess data bases

storecl ån a canrentianal elata Þase organization. lhe

sfste* fl"or. e[escribeil in this sectíon, Ís typical. of
sach at inplenentaticn-

Sechniques of strectaree[ ilesi"gm. <45> $ere nsed to
eleconpase the system ínts nodules. Fågnre 4-ã is k¡or¡o

as a structure chart ríth bcses for *ottules, solict

li.nes for eontrol f3^oer êEd na*eil arËo¡rs te inrtícate

elata flor¡s-

On the left, or ånpat, l.eg ûçåfE statenents statecl

ia tercs af the external rlata striucture are transï.ateit

into opti*izeet storage Ëeptesetrtat"åor¡ itepentlent ccÉle.

In the eêe.tre, or trausforn, leg the icternal code is
interpreted. Oeèput öata anil sessages are retqrnetl to
the reguestor råa the right" cr output, I.eg-

T2
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1r.2.l_FåHsE aEOUESTS

The ÞRåFt parser èraasl"ates regûêsts frae tbe erter-
aal Leaguage into tbe iateraal- repEìÊsentatios teferreil
te as the parse tree. Satrês are replaeeil by th.eår

s¡rnbol table entries anet çier itefining erpressåons (if
appropri.aùe} . Assertíons anct triggets on the reguestett

actioas are íatroelucetl ånte the parse triee tltlrång this
phase- In paratrlel cith tranelationr, the reçuest i-s

testeÉ1 against the príyíleges speciiieit by greYieus

GRåff stat,erernts- É, siolatåan cf authari,ty ritl caüse

terpina.tios of the parse asel tråggering of tbe syste*

secnråty æonitoring fuuctåcns.

shile expr:essíons are actual.ly hept in an effåcÍent

þut uoreaetahLe i.nternal fornr the¡ nill. k sharn ia õ

graphic fors for íllustration- åalêiticnal operators to

the n¡¡rsal arithnetic antt bæI-ea& ase sh*tta i-n FÍ.gmre

tf*3. Fiçrure ll.-li ås a typåcal sel"ection erpressío* tree

in grphic fors. äauipcLatíon operati"a¡rs EaIr ecnsist of

t$) to tbree steps: ånpnt (seleetåaa! ' PÊæess (Yal.ue

settÍng, etc-!, aüil output (insertr repLaeer tlel"ete] - å

typical exaøple ís short ía Fiçars tl-5-

?3



I

OPERATOR NA¡48

PROJECT

JOTN

SELECT

ttbooleantt

ASSTGN

i

l"ru**.1

*un"o"" I

DELETE T

)

r

d

EXAT,IPI,E

ì*'
-z -\ i

./\
NAIVIE, POS E¡4PLOYEE

i

I-*- :

,/\
DEPARTMENT EMÞLOYEE

./'\
EMPLóYEE "boòIean"

&-
./\=)*/\/\ r' \

NUM 85 RATE 250

a

,/-\
"1oó* ttìpIet'

ALL OF THE FORM:

*ol)u
./ '\

*tu{e' "bàleano

./
LOYEE

RATE

\.

r50

ì

FTG.
\
\

\

4.3 DRAFT INTERNAL OPERATORS



I

NUM NAME POS RATE DEPTEI"IPLOYEE

. DEPARTMENT DEPT IDNAME I MGR

PROJECT

TII4E NUI4 IPROJ I HRS

DEFINE VTEW PROJ LIST AS:

SELECT *' FROM DEPARTMENT'PROJECT

WHERE DEPT : FOR DEPT

DEFTNE VIEI^T DEPT9 AS:

SELECT NUM''NAME, POS' RÄTE

FROM EMPLOYEE

WHERE DEPT = g

PROJ DESC FOR DEI BY DEP'r

FIG. 4.4 RELATIONS FOR TNTERNALS EXAMPLES



,- ....-.-:..-.-- -.

SELECT NAIVIE,POS,MGR

FROM E¡4PLOYEE E, DEPARTMENT D 
.

WHERE NUM = 608 & E.DEPT = D.DEPT

/
ONSE

\
z

/

NUM 608

\

\NUM
POS
MGR

EMPLOYEE DEPARTME.t 

^

FIG. 4.5-A TYPICAL SELECT PARSE TREE



UPDATE EMPLOYEE:

SET RATE = RATE x 1.06

V{HERE NUM = 269

ê/ \"

/\z/x
/\ /\

/ \ / \
RATE i RATE I. 06

\
\

EMPLoYEE 
ll

' 
/\

NUM 269

FTG. 4.5-B TYPICAL UPDATE PARSE TREE

I
I

I

l

i

i.l
\
\
\
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lhe parser ås of Ëhe LåLF(k! tlpe <17>. 1o naistaåû

ftr"exibítåty to eahance the l.angtage ParseE' êecision

rcles {state tahles} are creêteü tlirectly fror the FIÍF

ileseråptícn of the syntax by a geeerator progran <ã9>-

It is possihle to sreate scae neaningl-ess cocstructst

sånee a feç arÞíEeities have been al'lc¡reê ín tbe syaèax

te preserve onelerstanclabålity- FarseE soutiaes ÉGt

iucl.eite the abil"iùy to recoser fron these sitaatÍons.

.SyanhoL table look-up i.s the functio¡ of replaci.ng

erternal ûaÊes níth eçuiuaLent itietiarary eitri*s.
Since çieçs are definecl as selection expræsi.û[s' the

replacenent. inclucles elesure ct tbe suãÊtitt¡tion cf,

erteroa}- riers h¡, expressions eu.tirely in terss af

ahlects ia the ccûceptual clata structete ffig rt.6].

Ã,ssertions about the tlata accessect by the reqûest

aniÌ aetions tråggerecl Þy the resulting operations are

i.ntrotlucerl into the parse tree tturing transLatiot. For

eraupLe, the cr¡ntrol clefånett in Figare 4 -? sculil rctlify
the parse of Fígure 4.5 as sh<rrt.

Feguesteil actioas are testetl against the reguestars

v*



SELECT

WHERE

FROIT{ . DEPT9

I ANALYST I

*

POS =

-(\--Qlll, I
/\pds 'eNàlvsr'

il#-\
Pos /'\RATE / \

/\
EMPLOYEE =

\

/
/

/
POS

\
' ANALYST I

]DEPT 9

FIG. 4.6 CLOSURE WITH VIEWS



Consider the update from Fig, 4.5-B with:

ASSERT MAX-RATE ON EMPLOYEE:

RATE ¿- 3OO

/\
/\.

a

,/'\ 
/ \

/ \ / \>( RATE 3OO

EMPLOYEE,I =,/\

/\
NUM 269

FIG. 4.7 ASSERTTON ON UPDATE



prívileges clqring translaticn - Àr¡thocity giyen bf cEÃfrT

stateeeuts are applieable to cbJect types cather than

particul.ar icst.ances aac[, therefare, aaf he f a1l¡

çerífåeð ri-thr¡ct rsference to tbe aetqaL target ilata -

GraÊtiag at the tfpe Ieçel ås no severe trieitation ¡ùs

authority can be fatther restricteet ta strksets ef, the

object instances b1r VÏEF ilefínÍug statenects.

4-A-? rFElürsE sgLsg:r_gl-¿$sss

Opùixízatio¿ is the Frscæs of transforuing ühe

structuce anit *rõer of tbe reqtrest, to inprove åts

perforøa*se. uhitre preserrång its åntetË. In õ¡r

esvirooaent nhere tbe åutereal storage rtrceture ås

hi.iltleß fras the regnest&r, qceries niLI not alnays be

stated fu an opti*al' forn. fhe systen, rít,h knonledge

of tfre current strrcture, reprûgraqs the request i.nto a

fcr* *cs€ asenable to effieíest egeeuti.cü-

the algorithps eleseri"b*dl i.u thÍ.s sectåcn ilo Dat

gcarantee ao optiaun fcrn, but elo tahe steps that bane

a high prabability cf i*preving performarce. Experi-

?5



ments cêEdücted by Ïlal-I- <95> sh.ared soæe inproveneat in
nost cases, narheil i.-mprovecent råth suareasonaþ1ec

(rery paor}.y stateö i¡¡ teres of the physica} structure)

reguests, aûcl only a singte case of ete-opti.pizaticn-

fhree phases are inplenentetl io Ëallts optiairer.
The last or çaxi phase repl"aces ccEBûB sub-expressians

*íth secontlary rel-atia¡s. It. sas rleciiteil not to attenpt"

thi.s opti.nízatíca sÍ.*cc the ånterprete,r pípe-Iines al.l

operatians tthe rhole expressåcn ís perfaruert ê tuple
at â tåwel - Iûsteael the nethtrils are si-eilar ta those

of Sråth and Cbang (4Î)rrhåch paraLlel those of Eal1

but for ote eËception. The¡, atteept to execute proJect

operatíoas as early as possåhl.e, rkåI.e fla1l on1y r€çog-

aizes the possåbil-ity cf secfi a transfcrp. trlgccíthcs

nsert ia ÐËH d.o rot atteüpt to uore proJectiolts. brt the

eei,tter caoses the eguivaLent through a såni&um qnerï

eoreriog bf caI¡E¡ing¡ oeI"y attributes regtríreû for
seleetícs (çnalificatien criterial anil outpct-

lhe oriler cf erecutioa of tbe transforn functioas

wíaisizes reitecation ås cptåcizi*g e ginen expressicn-

In ord,er the trassforxç are¡

T6



- Ccsbi"ne seqteaces of seSections into a

co*pclrnð selection-

- üore seleetio¡¡s ttorcl the ¡rarse tree.

- Ilåstråbute selects tbrcugh joins.

- Conbåne seqt¡ences cf prcJections-

lfra¡rsforxatiors app1f set iôentåties a¡Ét eguiralences

tc preserve tbe intert of, the origiual" Êeguest-

$eguences cf se}ecticas ore cocbineel by nepl"aciag

then ¡cith a single select ccnsåstinE cf the conJstrctåoa

of the origi,aal seÏ.ectiots - fhe resclt,íEq conpoenõ

selectisß ca& he uaveil tlorm the tree Past other noites

råth less effcrt thar rel-teratíag the &<lve fsr each

ccnpo*e*t. Fígrre 4-Ê-& ållustcates a coebinatíos of

selestisns-

Ef pegfcr*ång se1ection as earl"y as possible, èhe

n**ber of tnpSes proeessed by further operatíon is
reilcce{l. seI.ectioss rhåch reach the Leaçes of, the

Farse tree - the ínterfase råth storett ilata ref,åne

t,he resel'stien of the çast fanocaþLe access Path siace

p,*tbs are itefineit in terns of snhsets ef dtata that tbey

sel.eet. Partítiouåag of a reçuest b'y stricgs tenils to

f;l
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SELECT NAME,POS FROM DEPTg

WHERE NUM = 8I3

,./*\ ,z*\
./ \.-- NAME \

ilH" 
"/\ 

Pos 

ilïil1-\
**/ 

^\ 

Pos 4
NAME \, J}, Y
'Åìy''\"* "'
EMPLOYEE 

\ 

MPLOYEE/ 

\
DEpr 

t9 DEPT g

\

/
NUM

z
/\

/\**# \
Pos *u*/

NA}iE
POS
RATE

A. MOVE SELECTTONS

B. COMBINE SELECTIONS

\
813

=
/\ /\

/ \ / \
DEPT 9 NUM 813

EMPLOVEE ñ -NUM 813
/\

/\
DEPT 9

FÏG. 4 .B



reduce the ue*ber of physical- operations to coaplete

tke reguest.. (fiote the åaportance ef rinieizin'g T./V

siace the cest øf secontlary storage access is sqch

greater than tbat cf priaary storage aecess-! ßigtre
It-8*B sho*s the results af a selectåcn ncçe transfors-

Ia general, the facùors of a se].ecticn rlo eort aFp1y

r¡Êifsc*lF to both retr atio¡rs particigatiag i-n a joåni.nç

operati.oa- fe dlistribute the sel.ect. past a jain tsaÍ
Ê*BF i.t. ís secessarï' tc iteea*pcËe tbe &çotr ean fil'ü'er,
S, ínto an eguivaleut canjrnctios $a & Sþ I SE, çhere

$a re'fers enLy to attråhntes cf &, Sb cnl^y to those of
g, anel $r tc attributes of þoth relatíoas. Sel"ecters

Sa anct Sh are thes i[istribateil past the þin itos#a their
res¡recti-ve sub-trees. Figere 4.9 illustrates dist-
råbutåug a filter throngh a Joån.

tambi-ning següerces af prcJeetíons cê.r inprare
perforcance by eli.sinaÈing reðusclas.t ånternertiate Eore

operaticns. Ëcnsítter her tbe p¡oject operatcr ccrks:

S&ûJBCï (<I1 rtrå, - -.I$)¡(& 1rå2, --.&t)!=
<ãí1råi2¡ .. r.Èån)
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SELECT

WIIERE

PROJ,DNA¡{E FROIVI

DESC = TREPAIRI
PROJ;IrST

FTG. 4.9 MOVE FTLTER PAST JOIN



ac} gRoJEcT ((1,4r 3>r<årB, CrD)Ì =<Àrcr$>

FHOJEC$ f (3'2)'(å'CrIl>Ì =<C'Ð>

FBûüECÏ ((2Þr{C rt}¡ =çg¡

resultir¡g iB s¿E ËoÍes, coulal be reptrase& bf

PROJECÍ ((4)' (À . B' C'B>Þ =<c[] Eith crne nore-

Fågtrre e.10 illestrates the crnþinatios of prcJections-

4.¿s3 REgSr,_?g pftrs_IgÉI' å,ccEss pÉr&s
a

Resol.ntisn is the fu¡etioa t¡f fånêtaç pôths throngh

the pbysical rlata base which access all- the instanæs

of elata sati.sËging the çterÍ- fB tbi.s eoilule the qaery

is characterízed, by the attri.butes to be oetput cr that

allpear ån the cordàt,iens rbích tlefíue the subsets of
dtata to þe fetcheil. Shese ¡raraneters are defiaeel at
thE conc,eptaal- Iecel. îhe stríng ntrdel, specifåes the

*appíngs of these attríþutes i¡to the external" I.erel.

fhe sEsolser searches fcs alL paths satåsfying thç

Tg



Consid.er the result of Fig. 4.8-B:

iffi" /\EI'IPLOY"" 

,/T\
=

/\/\/\
NUM 813

i';l

/\
DEPT 9

FTG. 4.10 COMBTNE PROJECTTONS

I

ì

\

\

==
/\ / \I \ / \

/\/\
NUM 813 DEPT 9



{f&ery * Sh.otrlcl more thaa aae path exi.st, tbe nost far-
orable path is selectecl- Bhat i"s Esat.isfact.ar1ln a*rl

nuost fasorahleF si1l. þe consíöereel at soue Leaçth.

Algorithes usecl ån this roi[uLe are þased on tÞe sork

of Êhosh anil Senko <ZZ>. Ehe çuerï is peratreterizeiL by

specificatiou af, the gualificatien critería fSC¡ . rhå+:tr

arê tbe selecti-ons that hare någratert tc tbe Leaçes of
the parse tree, aait the output attråhrrtês fûå¡ - ffhåLe

êr¡ attribute Raf serre a iìaatr role. t,he oå nilf, &ea&

thase rhicl¡ are not a1so ía the qualifícation {$CÈ} -

She search for a pat& te the physical ilata, rhich

satåsf3, tbe çuer¡r, begias nith Î-ocating t&e OCå aarf Oå.

å feasåÞle stríng is cne thatt

- crüers alI. the eCe anil. OE

- çÕEnects at Least aI.I. the relerr*t,
instances e¡f the attribr¡tes

- ter*isates at as entry pciut, te the

pbysi.cal ilata ûetrcrk-

lf eerre thas ene f,easåble path eråsts, the çast far-
orabl"e path *íLl be the oûe rrith the æi"uipue path

ørtlÈnali-ty fPCÌ. Fe¡r this thesisn PC å"s clef,Lnest as

::.::;ì::::
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the ssa of tl¡e nusber of instances of all strings (ArE,

ûr LÌ l5-kely to be eonnecteel by the access Feth. fhe

FC cf aB E cr L-string is baseö EÍ¡on Íts fregueacf

ft¡sct.ion fthe exgecteil nnnber af íustanees of stri.ngs

oE the exit list per iastance of, a strf-nE!. Tkus PC ís
the çost prohahle Length rather thao atr eract çal-ue- Uo

attenpt is saele to calce!.ate the exact LenEth, sånee

the ef,fçrt, scw1û not Juståf,y the cost f1ike3y follaxing
the physÍcal patb).

She nethotfoï"cgg ås ficst ctescri.-beë for & si.rgle
ectity. fhe resolver hegins by idlentifyånç tke

å-strlag fs} rhi"eh cerrer the 0Cå aacl Oå- ' Each string
covetriag tþe string (s! is exarineil to see if, åts SC

ærrers the query. å,ny string xhcse SC ncgates the *C

tthat is, ¡rl¡ich sel.eetc a subcet, af the ilat* di.sJoåct

fron the qaery! ås reJeet,ee[- lf, oore than $oe coçerinç

string exists, the ose rith sininun PC is selesterl.

Ét eacb step of Èhe pLccess, shcruLit ûo ccvering

string be found, a set ef sÈrings, rhick shase &. eocnor¡

IÐ attri.Þqte cr IÏ!-ccnju.gate (1-string! " crevering the

çuery is seug&,t- If, ccae exåstE the qrery casnot he

8r



a&.srÊred Þy the ifata base- Otherrisen the

ilecoeposetl ínto subsets relateel to eack string

côçerr and the process repeaùeõ for eacb subset-

QC

in
1S

tke

&s the searsh far entry poiats is carrieiÌ out, a

cesord of, the FC of each patb i.s naí¡taineõ- tf &crre

than ane feasibl"e path is faupil, the patb nåth Least PC

ås se1ecteil - _ gbaulil thece be &orË thas one ri.ùh tke

æínånue PC, seS.ection ís baseð on t,he relati-ne closter-
i"ng of the striugs fi.e ín IËS: såtb a þb¡rsåcaÏ'ç anil *
trLogicalF patËr of egual PC, the physical path çeuLit be

cbosen because cf åts proxi-mitf tc physica3 oriteringf .

Shen ê reguest ånçolves ûÊÊe Èhan cne entity, t.he 0C

ås ðeccnposetl ínto subsets pertaíninq to the entities
Ísttisi.êt¡aÏ"ly. lhe single entit¡' searcþ process is
aBpl"åed te each entíty antt related QC subset- If ae¡r

L-stråug canaectÍng re3.evact ectitíes ís encountered,

the Qc is nod.Í^fíerl acc<rrilingly aaiL the search rese*eõ-

?he conjuactian of the sc af the variaes strings

faræi.nq a Fath fcalleit the path criteria ac FC] rfefånes

the schset af tbe ilata base selectecl b¡r the path. Far
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SELECT NA¡48, POS FROI{ EMPLOYEE

WHERE DEPT = 5

PATHS COMMENTS

DEPT NA¡4E,POS QCA and OA

A-strings over
QCA and OA

ID-conjugates.over A-strings

SC

May have to search
all employees

Minimum PC

E-string over the
L-string

Entry Point

DEPT=5 Residual Selector

FfG. 4.11 SAMPLE RESOLUTION

\
AAD

/
W

PC=1000
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å selecùeð path that subset aay either be iðentical to

or oostain the target ttata. the suheets are iðentical
åf aact anly i"f tbe Pg is l.õeatåca1 to the Gc. $thec-

níse, operatåaas *i,11 be reqoireel to se1ect iustances

af the target set froc the path s€t. ßn aaal¡rtåca1

erpression for the itifferetce SC-FC ås reeðeü by the

eaåtter tG gerterate the instructiens t<r perfor* this
$esiücal, Selection fRSÌ.

Fågure *.11 sho*s a saeple resoÏ"t¡tÍoc g[raghi.cally.

{TS2"$ EËEE ÉITÞE

tbe eeitter generates. frcc the paçse treer the

seçEe*ee cf ínçårtretiass to be ÍasolceeL by the inter-
preter ta êÊsrrer the reçuest. tarioes set operations

*re ípbeiltiêd it the loopingr ttata þase interface' aûel

status checkång instrs.ctions requiretl to fol.l.on the

physical. patb cheisen Þy tbe resoT.rar- Fita113, iastr-
getåens ars geaerateÕ to retsru the fiaal" resclts *nil

staÈus te the controller fer aetput te t'þe reguestor-
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ilcin operati.cns preseut the ncst etifficult¡ to the

enittíug fu*ction. fB the cost geuera3 ease, Join ís
eqtívaleat to the cartesåac proüuet ttbat is, all
possåb1e pairs corsistis.g of one tuple fron the first
relatíoa fol.Lcred by a ùnple f,ros the seconil relatåon!.

äost oftea the reqnestor only raute thcse peåcs rhich

satÍsfy a boolean eonclit.íon betneen the t"nples (antt

ncst, often of theser a trat.ch on tryo attriÞutes rith a

ccnßon aet of values| - Eigaåficaat i.nprovenents in
sfstee prforna&ce are gaåceil bg inpl"enenticg the Jçin
ate[ setr.ecti"on â"s a conpotrncl cperaticn- Ås rel.l as th.is

cosÞånatioa the eeåtter enpl^oys sereral strategåes (?3,

$OÞ te optÍniae Joinång Þy taking ailraatage of:

- inili"ces

- relatåve carðiaality

- L-stri.ags rhi.ch c6ner the joia

To iletersine the êata base cal.ling seqüeÊce selesèed

paths are anal'¡zecl begånning froø tbe eutry points. For

each E-string eacosttereil a calL is geuerated. The

guatr i'fåcati"on cT^aase øf the call- i.s ttetersined by the

portíon af the resi-duaÏ- selectioa fRS! t&at is
reçsï.uaþIe at this terel. the BS is iteconposedl by
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.F AD

ED<b 
LDS--ÞùES--'øAE

GET DEPSEG (DEPT=S); /X AD ON ED */

GET VIA LDS EMPSEG; /*i AE ON ES */.

rF NOT FOUND (ErvipSEG) THEN SET (EMpTy) ;

WHILE FOUND (EMPSEG) ;

T = PROJECT( (NAME,POS) , EMPSEG);

ASSTGN(T, RESPONSE) ;

GET WTTHTN LDS EMPSEG; /*.NEXT AF.. */'

END;

FIG. 4.T2 SA-MPLE EMIT



eleletíoa of the satisfiecl qualifiers and coôe

generation is rescned- å11 snbsequeat' calls are

restricted to be SIEEIfi tbe eurrent, pasitåoe af aLL

bågher levels oa the path (åe GHF eatrl i'e fäSl . I*oops

ase generaterl to exhaqst inst,ances of eaeh E-string oE

aa i¡sùance cf its superior string- Statrs checkång

åastrnctions test the euisteace aael erhatstisc of
scþocilínate åusta&cÊs.

The çuerf anrt seLecteel path fron fiçnre S-Îtr resul-ts

i¡¡ the esíttert code in Fågiare 4."32,.

{T.-2.5 ISËEBFfiET SEOTTEST COT}E

8be ínterpreter Ëexesntes* the enitteil seqtrënce of

ånstructiens hy cal-I-íng the variegs serriae fuactions,

siaelatieg the looping. auil pcnitoring the ste.tus ret-
urneil hy the sub-funetions.

fbe pri,aacTr serçåce fsnction is the etata base i*ter-
f,ace acd.ule- Ðata base caLl reguæts are receireê aail

tc'anslateit isto egairalent caLls is the fornat. af tbe

8E
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physica1 DBËS fin our cas¡e Df"/î call.s for IüS! - fhe

iaterface l"acat,es the Eecêssarf cantcol blocks antf

trarslates DAËS status coiles to interpretes retr¡rt 
,,,,.:,.¡;,,

coelês-

tthes eailul"es are prcritletl tc gfiOilECg attriÞûtes

frer tupl"es, eateg tuples in the rese!.t" ¿L.l"scate aail

aaåntaÍn baffers, anil aisc,el.laneans serçices.
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5 STIËEÂÊY

Ia this thesis, ne haçe l-ookeô at several trewels in
the *anageneat anð techaalogy of data base systeas-

The coccept of a pool. ef al.I' etterprise clata. eapable

cf a¡srering aI.I. posslble çaesticns Í.s norË feasibl'e-

Insteail Eatry toilay see êata as a reËource, liaiùerl in
it,ts extent, tbat, sbor1il be organåzeil te eaxÍnize its
raltre ir a hnsiness sense. å set cf obJecti.Tes sere

aiteptei!, tc sa.pport this dlata rescurce approaeh.

It nas shoun tbaù, in tke shart ter*, the need Éor

æauags*etrt írf,orration can best be serveil bf prorisíon

of a veEI¡ high-level dlate laaguage accessing typíca}"

scnrentÍ"ena} etata base cagani.zatåcns. lc preserve the

option to eígrate tø ner teehrologies as the cppertw'-

ity arises, ånetepeneletree ef the langcage fanet hence t"be

user! fror the physicatr structcre *ust be at'tai&Êcl-

ån exapination $aÊ uacle orf the Eel'atíenal Ëoðe1 of
data, a tr.cgicel' rtata crganåzation *frose couceptca1

si.*plåci.ty allors a greater rlegree of ôata i.ntlepeodlence

tban thc sonveatÍosal híerarchåc or netrorh uodlels.
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åttitritionall.f, the relatioral approach has the senntt

uatheuatlcal hasis ta grnaraltee its corpleteness aatl

I'6retr- ûI.theegh rel.l rlevelcperl acade*icd}.y,. tro cût-
*ercía.l relati.onal systen Ls avaiLable toclay - In epite
of this, ñanï people ftbe autbor incl.treleelþ betriere the

telational uorle1 ri.Ll beeore tbe elcnina¡t appreach to

ilata base ån the nert elecacle.

The *frt architectnre nas itevelopeit a,s a çehicle tc
prove tlre feasíhil"ity af a relati.onal exteraa1 scdel.

ooveciag & conveational iutesaal systêE- Shrough the

ühree leveL structure anil string nd,eLl.ing, the systeø

alsc has tbe flexi.båtity to aígrate tc seç storage

techncl.eg¿æ withor¡t nadue hardship to the BBå, antt the

i*rte¡rendenee to êo sa rithont, åupactí.cg cerreut ûsers.

ÞSlt has eleæonstcat.eð tbís feasíbåI-ity ritk ssfficient
fenctíoo to meet a1l of tle Ë$IDglSËåfg reçuiresents

far ctata tratrageeeat systews.

fo *airtain iaileperrle&ce aaü yet reasasahle ¡lerfor-
&ance. I'*Ë optiæizes Eegcests in nuch the sa*e ffitf a

good[ Frcsrasmer rould ecsstruct reguests if the actuaÎ-

data stru.cture ïere hccsn- lLe regnestor ís free to

s8



state reçuests cithout soncert

the fcrsulation, content that the

the request to an equiya.Lent forn

effi"ci-ent erecutiot.

for the ngoocfuessË of

syster rill transfarn

rhich is anesable to

lfhe systea ras rlesåçnerl to oçlerate a t.*ple at a

tåse. fhis ap¡rroach is cl.oseLy *åtb tbe segnent, Fer

aall acõ patb fcI"tr-erinE characterist,ics of the exaxple

Setr : IË$- the alternatiue ef a relation at a tíBe

souful foaçe been trsetl sithcut change to the ertercaX.

ånter'face. å tletail"eil conparåsoa shoultt be naile in t&e

fntcce tc iletæwine rhích apprcach ås best. Ferther

stuely shoul-rl aÏ"sc be givea t* the po*såbi.lit¡r of sarång

target relati-oas betnees reguestsr thss icprcvi"ng tbe

perfcrna¡se ef, relateil reçeests.

&I.gorítbns for ÞÊË potlales aail their fitterfaces FÊEe

rileseråbetl- Tþeir eeøgaùibilåt'y sas prerret enpåríeally

by tranel-ation ef a series of representati.se nequests-

Fsrnat anil æethodol-ogy are æatt t"a suggest rather thau.

rfefi.se the iupleæentatioa- S1åght nottificatåots ril.l
be rtesírab1e (ane!. soceti.çes Éecessary¡ te acco*otlate

the practicalítíes cf a real- systen. ft has been l"eft
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fqr tbe inplenentor tc sel.ect the best represeütatåon

of the patrse, irternal lists, etc. fn parti.cular, Eore

stuö.y <¡f the orgaaizãtion of, the Dictiorarf is ueeder[.

ån exanpX.e of a fitst phase DÊE s¡rsteu ras giren

usinç the DB[tr l^arguage {a rariant af the eristing
SEgEEtr Z, anð fËS as the ghysícal elata base uauagerent

s¡stec- TÞe apgroach is eguall¡ applicahle iEc ether

kíerarchis or netçorh strnctures. Seyeral standt-alcue

reçuests Bere eacrieil fror irpct tbrcugh interpreter ta
åtrfu¡strate the cpereticn of the ES6 scdules.

Il8etrE also purovirles hôst l'ançrmçe ccupli"rl'ç, aLLorånE

iterelcp.øert trf prsqrans in Pf,r.rÍ oc CSËÛL, rhåch çitr"l be

ånilepeadeet of physícal strcctare eha*gres- Ê topic for
fqture. stuõy ís the feasibíLíty of Ð*Ë providing ínter-
f,aces fr<¡ç progra*s nhicb íssce sal"I.s to coavectiøal

s¡rsteea {ItrSüs D.î"f1 cs BË8,€ for i.astance} to Eerüer

storage teehnclcgies as the¡r are inp3enented.
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