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1 " 1 IíTS Ilí)lÌIC¡iT, r)ilYii]/-)?i'ir:T'i Ùl I'lTirii¡1SI

I¡. t-irr) ¡.;a:-:i:- ,ri).atì i:i:s:iìr:ts;:;i-ì.s i,¡ÈL-r:) r-ìllìcll l- :tn4 coliìlilulìica-"ì c'¡tl sLo'fi, Ll*

u¿ìl,j ro:r; si¡ic, î()jt cri, ¡-CCOril-L ¿":-i:,.; rì;pâl'ulnr:rì-- i:.û 1--àKe eaCIÌ eCCoUlì+-j-nq

¿':,r.t-r-r:y ;:-nrl c¡.i, l- y j-t- J, hr.:oucii: ':)'i iir alìrlal n¿:a tis :c j-t s f ital ulr'la.t--inq' l'lheTl

l- ¡¡: i:;oolilir.:e i:,:i (--1os;c-, li i:jic i,r,iqe:: ()il Tris c":::k- ar- *'h1 ertri cf Ì:-h'3 1¿ryt

ljr¡ la::t jlrgurt.:: h,s ..:ntill-,),1 u;rs l-nel t-i:u¿: l,;.alanca anii posj-iicn of t-he

busirì,lsi:i"
l.irì i;r;Sijìi:.jtìÍj(:'::; Ì,í:C¿lilìí:) Iììr)l-r:Ì il ifiC¡1'f.í: - i¿ì+.h bfa:fCh Oft-ir:e'S

-.^-. +l ,,--. I aborrt i:irEr coilltt-.ry e-ccoutriin<; became morG conplex'
tile l--lokkecpe: l'Jas srrpo'lied i"¡ith

f:,iicul,l-,-i:-r.J i:ìgr.iiprretnt-, eccoitirr:-;;c¡ ilaci:ille;i' anil ûventnallY pttnched

,' ''''l\,ti I ..rqlti-ÌliIr,:ìììi. Iii oirìrt lo n.ìkil pu:ir,:herl card ecuipmr':rrt ilolle

itiriv,:i:sal , thl rììí-ìiltli¿ict-ui,:jl's i;rpl.:nteni,+,i *rach fullctioil in e separat-e

urii-r--recol,rl irìdciritla,'" ir::: -rir¡ :;ake c: +ÍÎiciencyu a1l :;iiliia:: i l:ns,

:j¡ìr.--ir ts ¡.iy::i¡1 1, åccaìììì--[; rr]c:!iivabl.a¡ sirles aiìâ-l]¡sis a ç:l'c. , Idzre

T)lccti.rt,;c¿ ilr l:a*-clics. I j- l;:cam¡: i-tiilrct::siblr.: '1.{) rf ì1 nì Ìnai; -¿e a busine ss

eC¡.:ivity ;¡-t îtiì cic¡l;É.1 J¡ :ac1: ciay. Illsr.t:¡tiu it- harl 'LO he '1r:ne

pe::ì-.li1icaìl-y - üí:re3l-/e ;jêlni-tnotii-hl-y, tìlollthly or quãIt':rly" jlatche:'; r;i

ii:ior: lÌìt+-iCÏ ¡itri:iiiiri:¡ 'tÕ t.-i.-l :::tpolt S 'lÌeL-c elcCilnul;rt-e il a|lC i]ì1 Iì ill

a cc; o l-',1 ¡ì n c'?'o¡ i i- ir rl r.:a ri .l i n":, r' g, I l1 :. r,: t' .)lì -i lì .

As hil:.;:-ìi+i:::r- eL-r:i.i âi'irl Li¡t"cirÊs ìrecame lar'.¡ero Irore and fast¡:r

.:cf qi¡rnenl h'â[j irE,.¡dr,]. 9v,-:iri-u;,r) 1-yo 'i.irE: r:ni t,-t'e<;ocå nachitt¡*:; coulil nrJt-

ke¡ri: ilÐ with tl-r¡: ?àt:{). 'Ih..: l-i rtr: cene f or t}re.: intro<1 uciion of lhe

eierct.r:{)rri {j cÐnìpi;i*rs" Jil j-J-r.1lly coiir¡:u t-;;l j Zed. Sy'5tcns userd thi: sanìÈ

corcÊp+jJ a:; previÛüs rilir-r+ci:::ri sy:;t-..:ns' The pcw{:JI cf the cDÌììputÐll

í*;crv,:rl cril-ir t-o sptad u¡l tht ÌllccjË-r:lsill'J"
In tjl¡,] iritr.l./ 19{r0r:s ñìaiì;ìqoi:Íì r+,a1ize,ì. tiat they'deri3 i"reillt¡

íìit¿fp.pe,l i-ri, a.t OC.:.åi Or llciloll:jj, i;iiiCü, v¡ili1e Cr¡ntainii-lg all t-he

,j¡:t,ii1:; of l:us:-nitsrs" iai1.;,rri t-r; n¡:o',¡iiLe a concÊ¡:f-ual viet't of- tli;: sla*-c

r¡i iir.l l;ttsiÍì1r:;s:i- :'l 1Iì¿ì.1 :,:ilìcli-,, b,r<:,a: to USiì iLre COnpU+.er T-ç sif-'- tì1 rOlì'JrI

tllt-: ..s:; ol il .¡i¡riis âìì,1 i-ts rrsriucr:iuiíì lìlary infornatiiln ptlr-*iin+lt- to
!Llfc n ì nal{ìerj-a I i'ttilct ío;r"

i!'.t:?il,ri-(.rjì i¡ili:l Iloii d:-.tL,:l';,.) a Ili.sa,ival)+,a,Jl of .:'{cJ.ica-l- pI:oc{]s'sinq"

Àil i!,;ìna{lÊnÊtìi lí-ìporls \{.ir. hi storica,ì- ; -"âì.f. is o t.hcy reflccti:tl -;'l11;ì"

h¡:-ítp:ll ,::'-l i:I ,¡tî::i-i ;ì,.lCy iì iil JÌ-il-Ì: iiA, {,'ri i ii lhe LaS*'- qttafti':f , irf eqU*ntly
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'l ii íi ,ì. '. ; i:r ill :r i ì î: ? l1ç l1

!.1 .:Ì ll i-{)c l tt-: r-l ::1i3,ì)lrj ô. i:i-n,:lv i1+cisj,ln on tire
inf oiriìì-iolt ï-h,,ty ilíiìr'i;ii.iliÌ. f n ;iq'|'li¡.ir:.i:o L'rj)pütts Itcn irìCiviC.rlal

lj..ìntll-!.ql!jlìi-..1 rtsill,.f li,O Srì.rtrj rti-lrjlti¿I ,-lâ-riì r.r'rìi-€ incolì:iiSl--.,.ìn'l- JliìcauS- t-ilê

Cr.tr--Oi i- ri;i,1,t. i-or ::r,iirl:ratt-iO jts \¡itlliril r.ilÌ. t-.rur.; jrltii: ilit cr .ìa::z:.rion. À:j a

irj,Íj.llï., iìcÌI'irìiliJ,itì..jllr. cal,]-lil. icr illf-cr.in ¡r*.pi)ri,so usl:.r11y qener¿l.i--Lìii by

rìan{.''1., i-l: ¡.n a1-îa,tìl pt ï-c Þroviiic il})-+o-ial,¿.: consiS-r-tlQc informarion.

Il l:ir:- fliid 19(,C1:j Ijla.iì¡i{ì.:lnÈnt-' ai r]eå bg ':nterprising sf -q+-êRS

a¡ål-yrits r¡if-hjn i.irtía ¡¡r{i-ìlrizalir:,;rsr ifcotJt-tizc,l'uhe n':erf fc;r tiinely

{r-*a1 -.iu,:) rll¡ill ,ì,:l:-1 iiìriìt l-eport-irtJ, Tire ts-l;iIlt of thi s r)co,lnition id¿ìs

t- hc: ;Ìrccif.;c¡rtioll cf r,:ìrJtli-:-,ltti+li-s fcl en Inte!fâ-'-€1 i'ianagein,:nt-

Ilforne-,io:r SYS-,-cill {iiIS)' À ifIS is a s;ysl-em desic;n;11 to pllovi-11 Ê

¡i¡3rì.?ì by nana':e[Ênt i-n f-he plannin.¡,

diiection ê.ild c,cnt,:():1- :rr âLî;is of 11 irect- respcn:;ihility, in:ìiìfficieltt
titii.,. to tì1.,¿ ,.,.f.i:i.rcliv'l ¡ìc'Lrr-r;'r" À iril:ì'i ticorF)i)Lât'3:i thr: nroc?s:ji,ìlq

inr)lr1Ll.r; Dt, pl-cVfoì.isì l;at-ch :;yst-t:ts inL,:¡ e q':nei:alizerl .ìrifornatio¡L

cirl-ler:i-i.on " -:4 ii: iLrr 
"

til ¿,i i:i';,rl l1iì Il C ì a nrl r.:ì jlor-Li ilrJ f acil-i tY" Th*

inf-erf irci nij c¡. r. li.,- -rLo1i:l cs is CÐ!^tcèptuali iz:,1 i:i Lhe ìi;f.-1 rarn b*1oi+"

¡-fllnf+f^:tìr
.J 
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Ii rj(l: iji.':i.rlr,: i.itfr:¡-p¿.ì-icii afì iita-, p.ìrt- of iÌaL¡i 1{ilrch c¡ìn bc uSl'.1

t-c ilicre;i:;r,; i::t,¡ü1.:rÌq-i:, îiri-.jt it i.¡ lleaa(ìiìa¡l-r: tcl iìxpec+, tìra-t lhat. a i'1fS

n¡:ovj-,j,: iiìiartll;if:-iLon l,lt jl::,;-: 'iat;l' Tì'i''' ir,,:.lrr cf cì i{IS is il-'s Da+"4Ìlesiì

,1{alai;(-:itì('nï Syiìra,':ù (DLìl'tli) Til¡; iìs.,'1,Ììl-iìre:ìs of e llIS i-l: r¿¡r¡el} 'ft'peni1èn"-

on llle inni'lìlr.,i*.¿irior: Ðf i::; Lìill'is"

ìîÀ t,v;trcal. i.¡t¿:.ba¡3 ;,ìy;ìï-cÌt h¿rs t-he app';:tit.l of .rIl slepirant and

tì-rc ct.t :ïlil ..i: cf- a corlsi--i¡rat<,d nÕsqllit-o". Tilis comìnÊn'i:r lnaC.il by a

disqrilDr-1,€j,1 itseÌt, T, i,ìclivo.r Sira<¡tias;l-y' jn a recÊnt SIIARE ptri,licat-i-on,

l*e il I ec: i :; j,iie ¡ri-tj-tude r.i trìâtI coiÌìÌ)uier F¡rofessionals regar,.ling
'orr-l:;errt-i./ i rnplcL¡¿nttr'l Ltii{S. It j-s ¡rlcbabl y alsc an indic;rtion that

sr¡sì.-eils ,ìnely,sts íilti:' not r1 ¿rt;iira,:;e r,¡il-;ç. l'lany ;,;ysteifts analysts dcs'ì JÌ,

r+ir-ir .tiie unit rtcot--,1 nrrrtf-a1-i-ty o'i Ijitcvious:;ysteins. TÌr,;;y hat¡e rlot-

Çurr:rÐí:id th+ l¡r:tel'tti¿¡i DCI'iet of datai:¡¿se t.ecllnclogy"

l.,l i:i+ airplic¿,tl-on.ri ¡9'1'.1 ì îr': th= Lt :ìrl cf dai,r f rctt', nore than onc

syst.r:n ì-.o i;,: ¡raniÞu-ia'ia:il i;r :jeqLlÊnceí.j lllLl. fcrrnats ,iiifi:r¡llt- frotit tìlcse

:'l v *. 1:? r--'r-i,ti¡al- ?i:oC.:J.Sll 1S. Tir': Seguen-uial natlrii: of

ul.iL-::+i;or,l pfoc{:r:.j:;-i.rì,; ,ilrl. Lir,: ililrdj-nq or proc':ls5È:i'l--o Cata rs nol

:;rii;-airli:. 1-t is iÌi,.r rtcslJÌÌr.jiliilj-t-y of e ÐL'ì Yi; to lleiîovÎ from:--ire

Ð:.(){)(::..jj:t i:.iie p::yl;ical cic::c::i-pt-ioii cf data 1.o::nats ¡'nd oritenization" Tn

i-:5j place, a 1ct1-iç;¿11 r¡ir)i.,r:l i:hc da-iiL is t-l5+:,:i hv eaCI pîoCjSS. Ìhis

ior:{icai vjcr,r is ¡a,¡r¡:,,-.d Lty 'ú.li.l ilR$S i-c tlie physical dat-aìlase" Ða*.a

íttns ar,: âccesÍlrìi1 vi¿i '.-hi-sr ll.,iirping. in a i:iIij the Ðtsi'lS ir1lst- i:rovide
f ¡rcj-'1.ítri¡s to niainï;rin 1-c.gir:;ii ríll-¡l,tj-o¡rships l:ei:-'¡+en data 'i t-em.s 

"'¡liicÌr
a l-l,i¡w j nfcr naiion i,rl'oCf:::.:Sillq ín rÊsponsti tC l'iiS rci¡itest-s" The

follol¡inq exalup,L..rs iniiic;ric -,-he -rlptìs of request.s uiricÌ:. n'igirt l¡e

ên+-i.rr¡. i-nio the i'1 IS.

l;,iv e n: ir

i l', t-h Ê

nli¡'-lUCi.

l.; i:,,,ri-t r:: v;l l: i h e, I i: t,¡,1 I

b::l'r'¡ 1)Ð ¡¡.:t'.1 n,J

vcnt.cry of Prcrlilcts; ÀtsC

âr,:r i¡t s hippiltq ;iênC ìnâ

ail salesìnen
.i100r000 of-

SIlLi'L'LL I;ìIIS

d rn +ssa ge 
"

li s'" ai. the n¿I;ll ,is er{1 enT:lcyce nrlnbers

a.,ilsjt€:!t r.:gi çrr ührl lteve ';31 rl in exces::

A¡C ir ibc, Ðâ:ìi +-l';o ilr nritlis -

n€
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¿.:rrr:ìl i --rc
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'lh¿:s.l tclüii.{ì3:5 l-Èclui Ì:,:-ì i,ji<; 1l:ìi:i oi= ll cre iilan cl'le rÈ,,JcL'{l iypâ and

ïi'l e. 3ot-ll ¡ì:ì\¡ i-., (i1iil-:., .ì(ìcî:rij :.(-- ,inf cr-nar--i-oIì s+.cre.1 iri variolls;

s+qìlen..s ¿il.1 t"a,,¡, ¿t::;" 'Io :'i3. lì,1 i+ i;hl:;e rÊqì-1 est-s ¡ff¡çi-il'r¡ÌY 3nd

efficicliil¡¡ .r f,:Cjlii-,¡ ilu:i-1 ,:Xi:ìl: vhìch d.ces ììcî i:-:qìl ire a Conplere

íìj,",iilí-l*.i;rl :-;catì Òf .:ac¡ì f t,1,,¿ to t--c1l i=:ct th;: ::eql-iircC i ¡ifcl:n¿i-tion. Silch

a f-ac'iily is plorr1.,,ì'ltì by a rllili'is"

'lhe .t,:i;iq1 clj-i+:rj-.,i í'-rr :ì (-lcr,'ìre,l-iz{ìC )¿ii.ahas': l'1anag'-'ncll Syi;ten

(rjDBr'lS ) L:l t-Ìlrr -, i.t pro',¡ii{: ,r genÊlleliz+rì u Colr, nOÌl ald int-eq::al':d'

cçllÌection o: or;dcr¡iza.'-ir:.¡.iL.lara -"o f:rl-:-'i1i'lhe '1,rta TlÊquii-cnlent-s nf

at-l au.oli-c¡ir icrlls rll: j-ch ¡ì.cce ss it, ll'¿ n.,r¡. l :-'zod i;npl ies an abil j-*-y tr:

¿ccêsl .; d¿i.i-a ¡-n å ncÌt)n(: t: co¡sisienl 'o¡rl?¡ its 'Lata cont,e nt" Coinm.oT'l

inpij-es e nori-rêclund.ar: | íjlÐrar,JÈ cf ,iata itens. rnt.cfraterl implies tha'u

ll¡;-Lir is ioilLcl liy f í'ì '-:C it-rîeii-rer i thar- is, an arti f iciaL

s-''i:ìtci.-u::irlrl ot r,l.:ialt,-1. :l-¡ll¿r. i nlr: ,1rs joi:tt iiles is nct ìl€quire(l'

ilul-:ìier::, it is ïro:;sr itl.: Íc c:. ,ì¿Li-,c L,.rqlcaI strÌict"ìIr-Ês lnvo'l vitrq anY cìl

al-l Cat-a i"ti¡ilt:i iiì rl'i'; dal-¡il'.;ri:;¡l ,

À:; ytì-i. Ìiû j. r:i:irtal- lefi:lili<.rì1 rvis'L.s f oi ,1 atabase, ilÒwrlvùr' one cen

11oclc :t." r.hc c,Jrni-rorìcnt n¡lits o:.Î a rì,tla.naSÐ aii,f sey v¡ha'1- t-h+,1¡rt.aÌla:s+

,io+:: ,rni''l i1 ,Ot:s li.::t. lo'¡ii i-ri-.'." A fl a.r--ailas:i.; i-:; t"he',ttlillli oi'Ph]¡sical

St-r:rarl:¡ StLitcttii:ilo D¿l*"¿ ;inil Ccirti:cl rnfornationo .rnd Logical
R.:Iatii¡ns:iripl;. À ,.ia,'i¡rìt¿.is,l i:; ricll ¡r col,lÊc-'rôll o[ ,1ata riles fL]r

sev.:ìiel ¡,,¡]¿1 f.r:ii. a-n¡rlicarions. Tii': d.l tà ilit-iii n ih'.¡ rlataha s': should o

l,-Cai'LAl)S €V(:lh !lìLiSl-¡ h¡,: s+-iuci:'r::ed -u{) ncLiel the ri¿rt-trral daia

rel:rtion ships .r¡ìrit--it cx ir,Ì. t'ri:hi-n alì oig-.ìl izalion"
rn atìsijiìr -rr) T', jlc-l-ivar Sliac¡lastyts cctllplailt, it is r¡sefrll to

¿rsk a-lid ;rt1 si^Ie I th¡: ou€ìi;t-i ol'io rt triily i1 .s3 'l' '1 â'¿ahase?rr'

1 , jì :la.i:al;äs: plrsv'i ,,1 es c)ll:ji s+-euc'/ cf repori-inq " idhe¡rever a Cat-a

i'"clil rs retfcî-ìlìc:Ìd l-lrr,r fìen,tr inf'ortiat-ioli is rctl:inc'1 sincr:
.i-hc dat¿l i+r.'.iì.ì i.s ^:;torc:,:L urri.1r:eIy'

2. ¡--i la+";ìbers'.:, ll¿ìy pr-cvi, li,: iüor,3 inf ornati on and less rlat a through

llic s+;l-ì-tciurilt<l af. ri.at¡t. Ilã-,-¿i Lnay-þ+: ini:o;:naticn cnl-Y t-iren

ji rglal+.s i-o c-r},::i- lara i*-i:ms i,.r a deiinerl na11Ilell .

.1 . À ri¿i-Läilôsc iitr.i! pio,;i iìlt data pr-oca:.;:sili:i cDst 'iìevinqf; fo:: a

ußer il -t'wo ¿ì.ll?iì1i:

(¿r) Tlr cr:ll,-'c"l-JlI, ; Ji'riiiq ¿rn;l naint'.¡nancÊ oi;erat"ions arÊ

oi':ct for cach da;a. it¡:itt :;ince it isÊ Ti:r C tl t-,.,j oll y
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:i1c):,,jc iiliiqrrcì-y'. Itl''-dal-airase :;ysir:n.s proc'iss llata

i:clti --i :-,::ìiiul1;rtiî-1y :or eacir Í, j-i: iil i¡hi<;h tir,l ,1 ata i'i1iÌl

ciilirf¿ìi.'¡i.

{it) Sysi.l:rr llr-rllrTi ..:']]riaii(jTl Ê.ilil inai.nt:nailc'-ì costs nay he

r_Êi'lit,,,-L:rl, Tiir,:le is,; nrf ¡t:r+,.1 to dç¡;ìqrl an.1 im;oletnent- file

:ìy:.i¿iììs icr¡ erch 1e',r"I ap¡:1icatìon. l-la-ia ;struciìlre anrl

con.-üiìì- cli:¡lrjr nev fe invisìblr: t-û ;t;:¡r'licai-ioli
pr,lrJ ians.

4, Dat-¡; in a ll;r*;i..i;ase c,j-l;lÊ lll.¡.Ce rr¡r¡ispâìt?lì.-; co tire ha.::'lwarc

¿rll ,ì :sr:ft"i!ï¿lre ¡r:;iuq t-1ie rìcL-,-o-. ilr a dyn,rnic or ntlLti--systen

flnvi-roninâIì+- l--iri:i cdii l:epr()serìi- ccnsiderairl+ savings in
(iolvtlrsion c{lsis 'o¡Ìii-j e nakirrq iir:orin,rii-cil n,or'e rea'iiIy
.r v a i l-e ir l e t h r c ìj q h o Ìl -i- i- ìr e o i-' tl íì Ì-r i z a+- i c n "

ri, lai:¿r sÊr.lìliiry â;.r.J :-:r.',-r+qri:v i-s enLLancera in a J-atabase by l"-he

coll'!i<lil,'.',ii acc'ìl-:::i .{-o rlat-a \rla a iìl-ts¡lSi"

Th: failu:,i-: cf liIli?s is parr,l.y t-hÊ tÊrjül-r cf ov"rly oiltilnistic

pleili-c--i'i cls o1t tire pârr- ,,1i sy:tî,r:ìltt ,i,-::;sj-qilclt:f anC i;a:--t1y tht result of a

h1r,l,r¡.rit,¡,: .';rsd sc)f-iTJâi.i; j..;tl¡l::i..rl¡:it,/ t¡irich prodtlc{is !ili{5' S wirich clo not-

.;e,t.i:;íy iiitt rirJt¡¡lnr-l.i-j-orrr-ij dcsi-iyt-t c::i t-r:¡:j,a" Rçceil+-Iyr 2er,'I¡lr GÐìli'lSts

h,;v,l l¡':cn r1':v*llir:c'¡hi-;]i ¿ii.i-r:lnDL 
"() 

l>r^or¡idp tir* f'rcilities l-ackilq i:l

t ir.: ol¡i-'tlt ::;ysf-+;lìf;"
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:Ìrri l.;t-lti:atilt- c jìits appsajit,j, ¡lesc.r--ibrnr¡ lhe
¡lat-iiba-.se s" Ilnfortulta'i:,;ly {:r.icÌr author has

tr.) i,.¡sc::ibe ltis irJe:¡.s" Thrs reilìlir3q thaf-

f¿rnilai ¡ìlìi1 neid :;)¡stÐ¡ns i-¡i o::cer to

O1+-en i*. +irtltlis out- thai f-he nei"l irli:as are

-lci¡ tc.rri.'-iiolo11'. ottr cr ih: si ¡nif jca:lr.

1-irr¡ pui:i:-caticn cf tite CÛDÀSYL D1\TÀ 3l\Sii

1911 iilav he rhe establ-isirnent of a

us,:d by a il au tiiors {lf art-ic1es on

lirc',:is C=:;cripr,ions i¡irich aoply tc a

nallåqÊìì.li?Ilt- s yiitelÌìli L¿i-l 1 us e t.ìre

¿" 2. li:iùl{Giìíli.l i,ìr .ÀiiD {:ìijItCTi\ÌES t)I Ci)l)irSYL

O:t i,1 iry 2?, a¡rrj ?.) u 1 )59 ii ine+ii.nq cf ma jor ila-ia prcces':in J ìlsilrs

ali'l Àine::iclrn (;ovii'r-rjÌrr;iì'L- l>lfici¡r-1s iias hr:1d fcr th; pilrpose of

cor.r-;'l¡¡-i;lri ltcLi: tl:r,. Lle,:;lr-;rbil j.:-j¡ anci f e¡-lsihif ir.Y cf e:sialrLj.shinq a

COÌllüötì iilngìjecfç t-Of r.i;...t i.llioil¡:¡tilt;.rlil-.'J of ci'.:ctro¡lic rlonpui'efs to scllve

prcitlt:it:: rcicr¡âlil- to -¿h;.'. busiiic,':;s (liir-iì ¡)r=oceìssin'-tr environment" Large

u:jr:fso aiìiì l¡atj::culatrly i.Ì1 c iJ"5" qcvr'lnntnt, iiere bcccät itlr; concei:ueC.

ai-roul t,h.¡:: .l-ack ùi- -t)roqraìiÌì anri oa t-a iríin:;f *r;:bility llil-r-'iJtìÊn conput+rs"

sysi:iìäisl::,veio¡:ccfr-':-ouosetofÌ-iar'j:ra¡:c!rere"jriick'lyltât.loob:sol-'ie
hy tì,1ì1r h¿tliLu¿rii: anij corilrJ lio-u i;e ìl$.¿ld cn cotftv*ìl--ers picûucr:'f by other

ÌT¡iìllutàc:Lìtrers" i"Jl¡il-c, l¡OR?RÀll ii¿rC heccne t-he l,:- f acio stanlia::d ;")r

sci,rnl::-fic appiicatio¡rrso f-y vir"tr.ril cf --its beírig the iirsr- rêasonai¡1y

c-f f: ic j-elli lLiqir-1;:¡¡e-l- I ¿in'1 it¿i'r.J':, n') sucil I anguar¡Ê s-iânlÌarä i:xís+-e'1 in

ih,.e ,,i,ì*"â lli'rJC.i,;c,iìr(ì erc:.. Illill , Sl?Eì-; llll-tÄì,1 Du ani lIOi'{n.Y!llii-I- 1{'3r€ all

ptr:;)riirq .l ,rnr¡ua.iIÊs cf fli+:,1 ot¡n i].e:;iqi"L" Thc otl'rgrc}ItlL of 
"ilis 

CClnc.JIfl

¿rni-1 'Lre i"Ìa¡¡ 195!ì rne*:'iitg !.ias l-Ì:: ùrqaniza*,-icn cf t'-he COilf*.rL'.:¡'lce on

Ða.i.rt .iy,:;f-{)írì:i Laliqui:lL¡as (CCDÀSYL) " Connit1:ee n!iíìbí'r.s üÐL-il :;elected f::on

lht, :rÌ:ttiifacr'-11r(ìi anri l.i.::Je urj(ììl coinntìnii,itìs. Sj¡lce that tilne CCÐÀSYL

has ,ìxpall¡l,.:rl its ac1-ivi-i--i.cs ïc itrclrr,l: j:]ie Ccfinít'iol of a Data

)itscrif:lioit l,atrqu,ìqt, i ili,-ltp.iilt:lîrìt c:1- i:tl'¿ cr,)ütiì.rn t-û if+,-h.+r hir¡h 1er¡el

prÐqr;ìt[in j-]t! 1 àt).]ûe(jF; i.ì ? al,j- iill. ilr.¡i.it.ic;rt-io¡r ci C'lllOi -'a inclu'1 I -1ala

ìr-il-\t

i:ìÌi il
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'la,iI!ó 'lj_. itl

:i iìtatr0.rn'{. :: to i 1it-Êt Í.ic;l)

m¡ì jtr pil l .r t.ícl'l s+; ìl-È-ìir.r3nÌ.s tfl

i''l ¿-l i-':. ¡.j ¡: .sc tl i- i)-L i o ïl I ri ri,; u íì.i i.)

'1q71 i-l..'Ì>oii i:; 
"Ìte 

re:;lllt

il ÀG l:i

iqit-ir thi s connìÒn laìlguaqe" Ill
:ìccoil,s t-he d.ri-at¡as+,.lcscribetl
¿ìrc i-c i¡e ¿rdi:d i-o C0BoL. The

oi t-iris ccnilnj-tj:.,¡e rs '¡cr,i.

2..-) {l3,Ji:lanT\'¡S Of CC)ri:jYL ll,)

I ilr¿ sp+:<;ifrcatj,ons :j:r- l¡ut-

inl-r-.)rr.ï.i1,¡lr¡"lly nci- ilt','ycllil t-Jl': l:e.l: irt:) rlf

ifl-"Êlt, t--ilat t-iLj.:: slrÉ,íll* ¡i6¿iioii

i 1¡;t-'l r:r¿Êltit¿r*'iotLs of ri y".j.i-- il iiì s u Ii i lì g

i:rtroiltrction to i-i'.e, llplll-I 191 1 iì':lìror-t

li ai al--ras: rìlana qcmellt ::y:Ji:'.:tlt 1r. sf €;cif ic'1

1 " iiilo',1 ilå t'¿'ì ta l:,':-ì ¡ii:ticlrile tl.

:ach ÐntJ:l iciriicl, ;i J.lìl -11 ¡:-::; c

rì !'1 S

r-he C0lÀ5YL cor,miliee arÈ

i-in<tr rr.:chnolr¡r;y. !t- is'"heir
íiie t.he ba si s; f or actual
r: COtÀSYl" sYni:ax. In ine
e fcl-lorn'inq objectit¡es fcl a

t h'r rrÌannar inost- suitai:l e to
ihe f-act- ihat sorre or a11 of

i- s;

OV

+1.

+ 1-.

;

in
î

:i -v

1r¡ ',¡

CX

rr

lhaj- ,i¡r'i.a uiìy b¡ r-isÉìr.Ì l¡y ot-her a¡:ulications -- :;ttcll

Ílexrtrrlit-v
;:c¿u;tcli":icv "

2" Àl1o'* 1l.l olle tLâÌl orì'J L'u1l-uni-J:

ììp,ìa-, o .-ìrt, rlat-4. i-lr t.Ìre rl¡¿t¿i?''ascl"

3. P::o¡¡j-iie ,rnr: p;rn i: i-ilè ilsi:l of ¿ì t¡arie l-y .)f s'::arcil :;tra-'-tlc¡ies

aüa-.i nsl ¿ìrÌ i¡ll-,-ii:'., d.¿ii-aÌ:,as,; r)i- poiri cjIìs <;f a ,lat-abasr:"

t.1.. provi,li,' IJrore cti o;i 1i ihr: i.j A'.a:::as+ a;ainst u¡1aut!ìorizeil

ecciiss cjl ,l¿it.a anii ì'¡aon'JIi-':-1i'ia'rd intei:acÌ-ion of prÐgrains"

5, pro,¡j.d+ e cen¡--ral'i-ze<1 capal;j-1ir-V .i-o contrÕl- t-ire physical

nlaceil€nt, of :1¡;ia "

6. llro'¡irir.: ij'r.¡i <;Ê -jrrìtl-i.:pend"*:nce f o:: Tliogl:ans"

7. ir.lir¡,n¡ t..ire i1e,cl-arar-icll of a \Iailic'.y of dai;r stritCtllriìfì ran¡irg

tion 't-hcsr.r -ill ,,¡hicL i)Lt coJ!n-:c;icl; ,:xisl:; bet'¡'¿:n c1 aia i tens

t-o il:l t i.IoL-k s t l-tìc Ì-'Llf rìs; 
"

g. Ä1lo,bJ iii., il s€ L- t-o i n+-.rac*- r,ril:ìi j:ir¿: dat-a l';hil.: h+inq rclir:ved

oÍ tii,.-. t:r,:<;i:¿tnic:; r:i- riaint¿lin'ì rr.J .th:: st-ilrctur:a1 association-s

r,¡Ìii.r:11 bav.:ì l;eelrl ilec-l-ä;- e,.1"

'). l\1loid Ìrioü;L;il'r,.-ì ;-o ;;'-,- ê.s i-ur-ìtpaÌìilîn'r of t-he

'1--çr:l¡ tt j-quçs; i{i-I -l i).Ji- Fìri+: "

iC" li-ovlrlri' itli ;:ìcp'lrat-r: d-'.:sc:i:ipi-ltltt:; oi tì're

rlii-ï,ai.;al;i: irit¡l of 1-h,: '1¿t*i;i i''llo'r¡:i Ìo e lirÐ{rrIl'3ft'

to bt-. ar--li i ¿:v ei1 ii i-L h o rlt :::l'tlr-inq .lara

to colc.trrèi'.lY L-ì:tiâve .rr

å¿rta as c'Jrrent

,1;:1-a -i n ''- he
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of t-nq, d¿¡tab¿rs:: tr¡hi-ch is
i:.n? pT-'oce:;si n,.t ruiì-uni f.-,

Ð'+i,rîi-1.s r-hc i1 rscrip:icrn Õi +,ie

iì-gç11' to ìr,-: in:i:rfaciirl by

llsilr.y -¡hi: t.crnìj,,i¡olo,:Tr/ oi'r-h: CODASYL report, a Drl'I1ì34:iE can Il3

vie'¡¡ed as a hi:i-ê"rcIy c,i DÀlir i,TIi'l S ancl ÐÀTÀ:\UiìRIílÀTES v¡irich are
ccnbinr;11 *-o joril iltCûliiJS" Rccolt.ir:l rìra.v be iiivolveli in SET ¡:elaticn;;hips
as Oi.lllgn ¿tiirl rilli'i3lll" iieco'fi1s aic si-oreC, iir AIiIÀs allociti::ti rui+-hin the

¿:.rìiftÊ:;,; sD'ìc+ c¡i: -Lhe ilatabasc.
q. DiITA ,i Till,i -: s ili,; ¡iitaLlc;;-t llnj-t- cf na;1 e,1 ,,iata ';il:hrn thÕ

,-l a t" a-i¡ a. :,rc .

i:ì. r;.rìÌìe ;i cc'l lccj:icl¡ of da"i-a i-'.Q[',ìt:j git-hin a

l-,,:col-'rl . Iuc -i--vpas o:- {ar.a â;i.;tÌqatrs arÊ Te:cDlnizcd: v;cfr:rs anrf

fe'p¡¡aj- in- ,'.Il-cltps. .r 1./cctol j-s â OÌì{l:-rìirrtn;icral, Oitl.:f;'l col1:.:clicn of

ilata t-títÌi:ìriu iril r:f -.¡l-licl: !1ar,rr¡ iär--ri--ical c1-lalac-Lcr-i:;:il--s" A repeaiinq
rJito,tp i:; d- collr.-r--Lioir oj: ii .ìï.a -,-]re.t- rfccurs a-n arbi-Lfary tiu;nbrjL- of tines

uit-hi n a rucor,.1 occurllÈ)iir-li)" ¡, col-l¡:cf-icn Ihi)' c¡4.;isL of d¡rt"â-iteinso

vec+-oi:j, ¿ilt,ì ref)Ðàiilq rlroìlps. iì llijORÐ 'i s a natned ccllect-i otr cf zQTo,

ollir ot iitoj:e r1 :ria-j-r.-{,,:[]:: {.)-ïl ri¡rt.i a'gtreiletFJí1 . It -is nci- tìCC+ssary for tho

colL+-e¡:li; iti a il¿ì*";ìi:a:;e recor:d 'i-t> ire :rioil 4(i physical-ly cÐrlri (iiiously. Ii

f¡r.c:., -,h.1 ria-.a iisus conp;;ì-sir: ,1 a r3corr.1 nay not rll be phy^sicall-y
prrseli-, in "Lli+ il alab¿:se" They nay be ca-'l culat-e,l v¡h.--n ref e rerri:e d.

ir,.--:co¡;ds arÊ a,-ldi:Èsisrd lry DiiTÀrlÄSE KtlY, The d¡it.ahase i<ey ¡¡alile is
a c¡fn(-- tt-r';tÊ1 i,:llt j-iy l,/llcs¡,' ¡/,ìlrl¡:: u:: j-,íuely j-,3.:n-rif ie,; a .lataÌ:as+ reccrC "

Tll ,j a.aJ,¡rsi: ì<r,:y j-s ncj- Ðeli- rtî -'h': r,latal¡as;e r.ecolC. T]'.e 11 ataì;asc ke y

rra, 1u:, l¡:t;t¡i¡l .s '¡rt;r t-hc i--,::c;or',1 r.llri:i I the ìl .cor'l is l-*',?nove(1 floin t-ìre

.,j.¡ir.a1r,:.st" åi: .c_LLir.j iirtìr--. -r_ir,: .1at_aitai;e key ülây b¡: al-lcc.ì.tíji:1 to a ne!.i

tÈCOI-'rl'" D,it¿:i;¿t:,;c k¡:ys iìiCì .Ll l-¡:c,ì+-:i1 Íol en aiee" .lacir ,1rca Contaiill; a

:itt'l+ 'tl ì'tia r.r;;:) ,"t:\/::.,

i\n A;ì:À is ¿ì itarn,::c'j :;iil,.-,ìiv-ì-:;ion of ariiressabl.J :;lÕfaqi: spac,r i-n

:-i:e :liì-,î. ll;,rs: a;:d it¿ìy ccltei it occÌlrL-.?t^rc,ìS r:f rccol;-1 l; ail ,ì 5Êt.s, oi parts

rf lir1-;jy DÎ,- yar-j-O'¡:; -LYll:s"
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I n.¡lr i:,,1 co-l Lrcli-tn ci fcccid- t-ypes. Eacii s')t type

l;¡:r.--ciii,id il i,irt-' StllltìiiÀ {lìa:-ir}:.ìlì+ d,,:ii rit'icn) ilrist h¿,tvi: olle rr¡cori1

typÊ ,iLecl;riei :,s j-ts Ci.: lJriiì d!ì¡l ol€.or rlcre r-g'corrl +-ypils ri¡':cla¡:ei1 a:ì

it:; tilli'lijrlrì ¡.iìCO¡1dís- Iac;r OCCttilt,:-ÌlCe O!= a Set nitst aOi-rtAiIì One

Õc()ìlil:i-jnr]il r.ri i-,:; ri'JÌ.i-t' l- liior.:L ¿lliì. n,ry corri-ain ê-t alhi*"f el:y ntl'nJ: =r of

ílccrllti-r]!tÇ,:tíì oi .,,t iìcit oi ii-s flì,:lrìì ocI recoi:¡-l tyçr¡5" The ol,,J1er recofd

prorri,,J+:s aä ìIi+ur.,¡ floiirr-- i:lto 1:'te set cccurrenc': altl acc.ìl;s to't.he

n ein bijr i'ilci)l:,j ccr:.jìil:ltÊncrs "

Da*'-a )cscr-int roii l-anr{t:au¡:s (DÐL1s) arc ü jìtìâ ttl le¡' j-ne i'he:

piiysical- i.escri¡iiioll clf i.il3 Cai,:aL-.4:ie (schema) ailrl r-h.-ô loqical

iìescrin¿ion cf Iil r,' ri.atalras: aí:; ji i-:; ì<no'*lti to a user (.sub'-schena) "

)a+-abe.tc iiau: l¡ulat j.on Laii,¡ueq,)rl (D1:1 L 1s) Its I t-lre loqical <1at¿ri:ase

:--¡,:.l atjon::llj-i:s, tö iìÇci:ìfis t;r: ,fa-r-air,tslì" Thç3ç Ði{t¡s nay b¿: inclrr'l-'d ìn

irosi |¡iii,-¡r1;iqe:ìu or i-l rìoll-pr-or:e.t1 lt::¿i1 :¡elf-ccntaine':i lan<;'Jaqes" In a

irost f anqriit,-lc ri,,: Dl, l, cor'ilaÌÌi-'1.r; nay be issr-ied eir-her as CAI'L t s tc t-ire

3DLìùlS or i.:hi: l-alìq,terte iìt3.Jr i;¡ clth¿inc;ri to i nclrrcle t.ltil Ði"ll Coril nanå.s" The

{jl.ìDÀSYL ::,,:poit. inr-:l-¡,1 ,:s ¿ì iì)ùci 1i,;¡r-io¡t fc:: the eìììlanci-=nent cf C0BOL

to ir'¡'l1¡rlr,-. tiie DiilL cc:iiit¿r.:r.i::" i,iost aÎ tho major 0ts,\iS in ils* lc',J.ay aIe

hcsr 1,:ìitilrl.eqr, sysiî,:ill s. IllLi:s;ril.¡iç.s ¡lsi:rl:i t-c cctìveif- th: fil¡¿ sfs-u€ilì o3i

,,:xirsiiniJ iip,clica'rj-o¡r:ì "i-itliorri, liavínc; i-o makr.: si'¡n-ifj-canr Ðl:oJraiÌì

clieirqe:;. Sa¿cial Ìlut-i)os€: I anr¡i:ar¡es.; are, anô r¿i1l i:e o d,esignerl wilich

allov¡ iiL{ì specific¿rt-ic¡ of r,fcirtÊs+'<r in a rorm sui+,able to a pari-ici¡lar

ìtsi-rr, Tlrís is i:art-ì.cr:iaily useÍ-:.rl :^'he¡r the urfer is not â trainetl
progråmrìi?l_-. ,l h: se:lf-ccntaiitcc lan,;ì_r¿1-qe intcr pre ts Llte user regiles'1-

anC {ji,rnùriì. tesj e ppro¡tiiii,--i: Di"lL cotr:Ììirnds"

Tltc :..:la"¿ioiisnj-p irci-t+een DÐI- and lifiL is a relationship b:tþ,reÈn

rlcc-r-ar;rtio¡is and procelurÉ.ì" Th,: c1r+claratiotts itlpo:;e a cliscrpli-ne over

l:hi? ;:ìKilciri;ihit collI nnil alle to a large exi-ent :r:bstiiutes for
proceC.,.tríì:t wr:it.i:it ì.n lh,- li'1L ¡ìtrl a llosi- lanr-luaqe; that- is, "'hey are

inpl-ic!t- pltoccdrrl.:s unich lrlay be j-n voked by t.he execut-; on of ÐllL

COilì nAiì:1 r5"

'i' ìrê rl lillE i:l ;x. Ll :-,l'l 1)

()lr r,jic f,.:ilot+'i.rlrì

r l_l_ai'i Ðnrjlr:- O Ì-';:-t itts C ij-

SYSTEi'1 {GDRi'lS) ci)lìcept,ualizr:,f
C0lliSYI ieport- illuslrates the
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'.jl j:¡ i;:tr,:L,Ìc.--i.on" elj :ìhoi,jlu ::; 3.'j t:ir)t.s f ioin ìÌsÊr t-c Dili{S" Tire )ßl1S

usÊls i-jl¡; r;c[+ilå .ãi]il :i:ir-scllr:ìna tc fornulai.e ¡ì l]eiìu+st i-c the fiLe

ísys'f,3Ì1 of i.l"r'¡ Optr-¡rt-ilrq Íjy-i::n (OS) " Thr: CS issilas the ¡rhysicaL f/A

inst-i:rtct-i llrrs, r-o rlLg r'i.:i-i.;rl;irs':la 'o¡ilrch ca.l:sc dat.a ¿o Ì¡e *"ransfer:red to

t-l-r,: i¡uif::: iiool of -,-hi] DBI5. Thc ilfc::lit¡li-ion re¡{rrii;e11 by the usèr is

c,rpieC. Í:-^¡¡n ',-ìri- lL,.rffr.:l Ì:<¡ol i:c a ri:;(ìl ro::k arr':a (U'dÀ) " Ci+rlain sta*Lus

iiìr'rrLr:r1.ic:t :-ele-,rânt- to ;ì patrir;ula-r user is sf-ore11 ru ¿L l;ysten area

il: r-1-.,e ìtser r.jqion. ähe ìls:r lilaV- -,Ìien nirni¡.:tt1at-'¡ data in his '¡ork area

itsing *uI:,3 iacilitj es oi- ;ri;; Ìri¡:;l I a,nglrarTe"

'i.he GÐZliS proyi dcs a li.rlribe:: lf r:iiiit.ies to sut:port th,c datab¡rse.
-l.le::e lirc ltÌ:ì 1: tics i.c;:

a) rlittilpo i:clit- and i:rin'i- the d¡iral.la.stlo

r) loaii i-Ìre Cat¡:.i;iì:J'r u

c) pì:eco¡di.-'io:t th¡r dai,a)asêu (cq. p¡:efornai: ôirect f:-les)

,j) it¿:l:l aqe col-ieci- u

,:i coiLL+cz. r-ìi,i-ìî-i:;-uj-cs anf ana,'l-ysis perforinance

f) ailot, rh,,ì sr:h,.¡tna to l:e cÌranc;ei.l 3.ni. r:ffecl-- ari-uoillâ+'ic

mori.iÍica'"ion,:f f-htl'la-'a ì:ase

q) all-ot¡ eïeas io ,rt,¿ al lcc¿rt-eri in selected l-oca-r-i on oIl se1¡:cted
.¡^..; ^,- ,,:itvr,-'_.þê

Thc GL)BiiS pro1.¡i-dÊrìi for clat.¿r ase T-ecovery incluilinr¡ 1-ogqinqu

cireck¡:cint ai:d. rol l'r.:ac,k ':f i;iie Catai:¿:se l-o a pre-êrror state.
The-, l:.,spon:;i.rtiiiry cf, int-r:rfacinq betueelì ìlsers cf t-hc Cataba.sq)¡

tjr¡¡ i;Dili,iS, anil oþrners cf. liii.: i1a-'a ir t-he datahase belcnq's to the llala

Basr:ì Àilnirlrstrator {Di311), iÌris i:; a }:rlinan flrnct.ion airrl involves 'i:he

fol l-c'¡i^q sjî1ìcl f ic f ullcl,' olrs;:

1, De:;criÌ:ínq d;Ltit sti:iic"lrlrcs ,.¡hicì: ittoilel -¿he busin3SS or
proì:;lern, Thi:s i:; acconpj isherl throu<¡ir DllL :;lat¿:nellt,s whicil
11 ef i ne t br,¡ :;cliÊilt¿ì ;rlit1 slb-schena.

2" {lCnt-rol-Ling tirc aS:sjqnnÉì:lt- of IlâmeS tr: dat-a itemso ']af-a

AgLJtêqät.ÐS, :..¡Cord,s, a!-Ê.ìS, anô setS +-c enS'Jl.e UiìÍqUenesS"

'l = :iìiìy ,isí: l;yïì lu)'n.; io lllot+c-u illtiq'l.utì,lsis of nanûs alieaJy

IJiJ¡rr,;ì ira sii-l
a iÌA ?'i,I rl 2

assi<.¡ncr1 "

3" S'..:l+ctinq :seAllch st ¡-¿'¡4¡r;l:r;
L+ " liel-e'ctinq arC st iticirtri 'i -1

Tt::çl\ti:- ¿-,',:1 Ðy a 2 a¡ pl i cai : cl::

j:a:se.d cÌ-r rrÍìe f re,,TtrirËltìÊR-i-s"

a proper sribsÐi r¡f- tize database
puo iJl: e[i tr] Êr "
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7, i\ssi..1Iti l:'; Pl-i-rracY I ccx'¡

1-: v c l-:; o t. o ìi.s r. ll i:j of
ilr-iiiz+ t-hcsr: PCil*''io¡, ;

1ocks"
i;. ij jr,.ìrrì itl;iriic;-=.i-rl e al-ie::ir-l ,J pri-varcy lcck-s anÌ issulnq privacir

key:; t r:> ¡.t p p1 icai:j-o1ì irror;l:ê'!1ln Ets

1" iissiqltinJ ere;.1-:-j to ri:vicr:s; antl a'lcliesses hraseil cn tine/spece

l-cr¡uir:ênen'i-s'
8. Loiriiì nq the .latairase r+it-h the aid of ÐÐL, Dl'lL an'1 spec:-a1-Iy

ra::.it-t-e u i:o\lt-ir,es. iîr: '¡j-1L u'sually l:e resptntì j l'lo to '¡lit-e
ccrrain oi- ihe sub-schena"

9. ;.1oni*-oi:itirJ',,llr-.,iar-aÌ-.ase ccn'!:-ì tlrially foi :

{a ) r'l's aqe

{jr) rÊ--rsilollsì ë

{c) Pt-ivac"y' i:le¿ir-:hcs:

("1) ¡.rili-crr t-:-a l-'r í1ÒT'iali za i-i-clt "

Iniorna-,,i{.rl to ;.;.srsi"sl -j,n j-}iis fr:ilctioti rlì prorrided i:y l--ire llDBäS

f -... i j ì 
^!JY !rrii'

10" P.¿orqaliziilc t-l're 'la+'allas'e ''y 2

(¡l) ]]eaS:;i<;tlittg a:]]eas to'iiÍfc:.-o:rt. ¡icvice.s/netlia

ib)chanqingscÌic:na'ànò'/t¡;¡ìt+-ríÌiu*'¡:sci¿hcscrì'llnì
(c) cliangíng t.hc latalr;isc t.c refl-ect cLranges i¡r t1-re schaLna

iL1) scill+ fcrn oî qarbar¡i'1 coIlec+-icn'

À ritn-r,:.n.i t j-s a la:;l<- cf the oìJÈIat-iitq sysf-en. The GDili'ls collsiders

i:ach i:un-un i t -,o bc: a. rÌr1iqi1ù irst; r cf 'l-he ilatal-rase anrl ¡;rovi-t1 es e Ilser

irÌ or k À re:ì (il i'l À ) ,' a s,i::'¿ o-l= coflìtniiìiicat-ion locatiotls¡ and a set of

crjfrency indicato::s" À currency indicator is the database key c t-he

I a.s'l rÐcord cccurrenca acc,.:s,;scd !t'i the l:rin*unit cf ;

{1) ¡:.i.ci rcct¡¡j-'i;'ypiÌ ki:o¡ Ï" "'c l-iltl Iun*unit - crif L'iir' oi

]:ilcolld-nrìilì€'l

12) ,:acìi ser- +.y Ð.) known l-o tiic :lln-unit currsn t of silt'-nanìe

(3) €ach ar+a 1;ìn? liiLC',¡n tO t-ire i.ì1Ìl*unit - cllI:relìL alea-nan€

{4) J:nr: ,L;.rst rCCOi-,1 ÞiOcc;ìlser.1 by the run-rrnit - Üìlrrellt of

TIUII-11ûl-r.

À iaial.:as¡: ;t:y is ¿ì ìliìii¡ilr'-r

lllcor,l r:ccillrÈIìc3 JII cr'?¿)ticili''Ih

irIirl issu jrr,J privacy keys at varl-ous

r-ii* ,1 4.-''li', as':¡ lla:s'¡11 on *'-ile n:i:d -uo

cJ' +-hc i'iat.ar;aso af f ':cteC hT pr-ivacy

snd pellnane nt- value a 55i qled r-o each

: ilat-¡lbasr: Y,*,'l na'/ i¡e useC for rlirect
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J. I T'C DAT:\Ì.\S11 Di:'i'Ii1 STR UaTiiRg:;

l-n -i-Ìis ch¿ÌÌ)r;,ìL- l',"(:'til-l ìo,:k ai il at,a:-;tri:ct-ur.:s r+hir;h caû be used
in :ì. 

"i 
ata'h,r:sc +-c sa'"isi,ir th.: fSquiienrlll¿,.-q of tirÊ afcrcrnenrionerj desiqn

cr:iic:: j a :r:r rla ta.lras;es.
A Gcne í'âLiz¡ rl D¡:t.ab¿se i{arìâ JÊirìeilr svstem (DB¡,1:j) IJrovides a

varie +- v ci d¿lta :j*,,ruc-lur,.-lr; îrcn l+ìrich the data base aclnini-strator
{Dr'aå) r:hoose s i:hrJSc sui taÌrl c to e,ì.cl,r appl-ica-,ion, rhe DBÀ n...,st r,leigl:
tfri'l ci)'si-s cf r:ach cata .st¡ttc';-rlre aqa,ins'r- t-he pctfoL.i[anci: criteria
estai:ri,shi-'i-'l icr: rire ,rpplic.¿iir,. li" Ther:€ i3.ïrû fou¡: funct,ron"s ror l+irir:h
crf si-tj inlst be de t,.¡imì ne ,i:

1" t-ile cost tr: ¿i,lr-1 a rtei,j recorC,
'¿" 1_Ì:e ci¡st- io ullilat_i: a lecoicl"
3" -Liie cosr t.o retrier¡e a fecord, anrì
4" tiio ccsi_ i_ö rl e _LctI a r-ecci:rl .

iiosl.s ¿rri.:;rt iir fc r-ir ,àreatJ:

1" t-h: aijloult- of Þtoc:;fsolt l,;i:r:::ar,¡e ri:;e,J tc pi:rfcril Lt

2" lire ail:ou'r oi: ,ixî-ernal ü:'¡ìr--t .st-or;r,.¡: r'equ_irec t-ç
rJa ta :;t::uct uf rl ¡

l" iire ¡iunli'rr:i: oî i/) oÌ1 ,)r-ât j c:-rs reqrrireo tc pei:forn a

¿-in 11

"r'he anoÌl-ilt of prc--cùssinr; ';itttiJ jrequirer,l tc perfcril the j.unct_ion"
Ihe ißÀ r"quir-s clrtain i;rfcrnaticn aÏ;out tho r:nvironnent- in

'¡iricir *uh+ ,l a*,ab;rs: a i,r¡tl_ication _L*un-uiiit-s àr€_ì i-_o oirer.rte" Specì_iicalIy
ire p,us +,- dat-crm ine:

i" r-hc ¡:xneci-crl nrln. ll{'ii of ::cccr,i adLtition.su retrir:val.su upilat-r:s
anu cl .:le-iions;"

2' ',hc pl:oc:ssì n I lisili:s (ic iÌre these f r3¡ç-i-i ¡ps batcir..:cl or run
otì line) o

3" t-h,: ri::quìrr'd rrìspJn:Ð tilucr,- for specifíe rl functirns, anil
4. the,jis;t:ii-¡utiol of fri¡icrions DVci- t-ime" (ie Are all dataJra:;e

mo'iiÍ-i-r;e t-i r-rus Ì-¡ai-circ,l or t,hev sui¡ni-i-l-e d tlircuqhout the -,,olal
:imE: f-hc Sf Sltí:tn is a,;ai1a_i._rle ?)

'lhi: ti:adr¡ofi--.s itr.:t'v¡c¡.,ir tLe: ìt,sc of sysl_.em rÊsoì.lICi).s
trne cf';en nakr- i-ri.: s;r:i*cJ,io:l of suita¡1,: da,ra stluctures
and Cif ri icu-l_i tasx,

)Àil¡i,rÀliI
C riÅ i?'ti ¡l I I

funct-ion,
Sû¡rpOrt -'- he

f unc l-i oÌt ,

and ri,rsÐonse

an imporfanl
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3 " 2 SIQiJXi,l'iIÀL DÀ'ih -1?iìUCTijRXS
ilacorrl-s an,l C¿:ta .t-t:.:lrts ..i il :-i?qrlen*-ial cl.at-a struc-.,trils ?.f e itelf,.t€d

i:y plrlz:;i¡o1 e 3 j:r.C\-ic:'i" Th.: k,:y rjelLlencê of ',-lie data and iìrc physical
SCiJtl,lIìC,: Of t-hi: i¿,"r-a år€t -:j:.C ,Sí:1.ni" Tl-le a,ldreSS O.f +-he nËXt recof,f i g

cô.1 :ìlIàl;:'r-.ì a,s tÌre ail .1 rcss :tf liris re coi-d ¡rlr::s the 1:ngr--h of tlis
'- r^^-.,1! :'r. .J! rt ó

iìrcorrl.s ars iyplcaliy :-cc,r,ssÈd i n :ìÈgrrence by a key lield d.efined
i+itili¡i :ac--?'L i:ercoril. Si_,r¡r:en-Liai ct-gallizaf_icr is rìse.1 for tapeu Ì)rintero
anc car,1 ilcr¡iceso e, l:iì ira y i;e u:jcd otl ,].irec+--access dcvices,

3, 2. 1 1?llPu st0UEÌ'JTIÀL
,,ì'icorfls ârtì stor-'¡d ili physical seo.uence of a kêy ''.î1r--hin each

r:coi-'¡] . 5lci.lqe, i:; r';/irjirccl ror t,h,,. recolrl riata and a :1 elete llaq "
,1 ¡lcci:.dS ilUsr b¿,: l-+¿,d ser;ueü',-j,¿iil-y j-I.Oin the i:e<¡i¡1ing of t-il€ ¡laf_a base
in cr-iler to tind a pai'uícrll âr rec<lr:il " il rq:cord to be ir p._lateil iilr:st be
r¡:tr-ì-r:ve d anC th+ir lrr¡iIl il-r--¡;i ai thi: saïìe addre sis al,'Le i inter;ial
nÛdif:-r:aLicn" 1cc.¡::ils Iiìây ¡iot i:i-rir:;ir:i,iiiy he cha-nge,1 in Ienglli, RecorC^s
-t-o l¡e ii'lsi:rtt¡i tiìltl:l lrt-. rre¡;'rnte,L i¡i Key s,âi{ilÊnce, AC'li"i-ions take place
.\;+-Y.(f L r_t-! th,: L.¿rst r-i.lcoriì i;r r-l-i,: riaia sj-,-ructrJre" rf s,Sjluence is
niaintai;ri:11 " a 11 el-cicd recorii ::l the s¿rne sj-ze nay be feplaced by a nÐr,¡

¡:eCOr-cl " il'he ,1ata ä¿ìna(JCnent .:;',vsi:em. '¡il-I UsUally al-lo¡,¡ ACâiticns tO
take nlacc ai i:irt1 o.:-' i-h,: siluctrire '*i-thou'i- readinq âlI pr-acceCinq
r+lcord::" Recorci s cíìl: lt<lt Ðe plli':;ir;al ly deletc c1 f ron th,o f i1e but are
f I aggt'-C l¡ith er d¡:i¡:te f laiq anil recôqnize,l Jry the run-Llnit. es delete,å,
Th¡: åiagra..in below ilLrrstratcs i-i¡;: orqanì-zaticn of
da t-a s'truciure.

- - -!¡:¡-::¡¡¡----ir-*-,Ì
Ð---il
i--- ¡
D--- L-)t---D
D--_D
D---il
D--- D

a Ðrlre seqil.Êntia1

+'------*--+
I llsc Key J+.-- -- -- --.- +
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ll. :;i1¡Ì.t iîcijj.i-ic,ltic._r:'l Ol i:hr,r plltl sÊr-rìlerìiial jat_a "Strr.l.Ct_ilfe
al,io'r¡l; l'-itcor.ls i-g lil: i_n:jci-+_.:r,l ,l_o,-ìicaì Ì-y ãt any posiiiLt¡l in the f ile. A

lroi:i*,,r u i:e1d iusr:r:l-1y 4 i;yr_rls) i;ì acl ,jeíl io e ach recol:i1 iO point tc
iìli'l n')xt ]:i:t--cr'.1 i'¡hr: I 1-oqical au.1 ¡rhysical -seilucnce c1 o llot coìrrespond"
liew ::tcorils ,fre s'i:.orãr ii il ,rn ùvcïlfloil aîÊa i:r i)n-t--ry egu?nce ,¡hiie
r':cci:d:s in ì-li,;, prin.. ar:à l.L-..1 nai¡.i-aiijçcì, in key sÐ,Jueiìce .

lrl-al.i 1'r2ly1:e A' dr
499
)ll
':57
6E6
1q3
8?-4
92 3
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c 23 3
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1 1ill45 I') 4,,112 
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1,.: c or,"1
I'l o,

1
'2

3
l+

{.)
-1
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lÌecortls lil ]ls-_ i¡c, r¡:aij seí{ìlelr ti¿:ll }, f ron t:-le i:egin;rinq of. the dal_a
i:ase atr¡1 .jìrai-¡ls i-c-r tlre oi¡i:rf-ìci., are)ô. DìÌrs." ìre follcçerl tc re,uri¡)ve
slÌccÉissi-vù recÒrd:;" lec;oril.s aril i.tpla-reC i:xac+"ly as i-n the pure
sequent.'i ¿il f orm" n*r:ot:fls can be i aserterl anywhere i_n tire loqical
sèqÌielcÊ tlr t-Ì:e datab¿'.se. 'ihen in.serti-nq a neH recor,l J:et.,¿een tr?o
exì sliilil ti+cords .1 n olrerillow are ;l i--.; ol-,tairrerl trJ s1:,o[9 i-he ner*, recr:rd"
Thc¡ ¡idrlrcss of ihi s r:coid_ j-s storerl .í ri the lcqically irrece edinq
recor'1 " Tl'rç: ad c-iicss o.f t.hc lrt<;iça1iy s11 cceeCinq tecord is :;tored ilr
lhe Jì')l'i f:ìcol-d " ?ccoril 'il:1et-ir::n 1s tr¡pical1l,r done cxacf,ly as in the
Þllir*' SêQllÊûiiai 11';ta tase' ri ì s l)o.g.sibie to iinprcve oerf orinance by
pirysicall-'¡ rlclr:tirrr; Ì_rc;,¡rrJs iii oveÌti,j_olç aird ¡¡cdif)rin,f Fc.inters to ¿his
l-lcci'ri" Ri:coril up-r;*t-ilq i,s rlr¡Iì:) =:xtictl-y as in f-he Þltre sequential dnta
c {- r rr,^* rr-.r/ r.- ,l! c

/lI¡,-ì-€l 
^t-t

rr ¡l- l. -. "-L¿ i r- ¡ir:: L cxt{:r)si oii to tnis 'r ech¡riqr_ie sto::es al_l recori in i.ne
'.1r.i.* + -,.1.,..i -,rrir-5 :icnr,ìl irì{) llì K_no!Jn a.s _rnJ:eddel Linii"
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.j" 3 Ii.j3riDi)1Ð t_IlÌît ..jTBitcTUjliis
t"--[airrinq is a Lec]ririqui-: ior linking lcgicarl'¡r ler;rii:i1 r+coic.s, A

Cilliil'i 'S ¿Ì. iJrcilþì ttl i-::clrl,l:s iSO llnkcrf. ;l poinî-Clr i:; e Speciai
i-'sfeÌ:c.rnce Íiel.ri ilcor.pi)l:etr:d ilito thc nhysi_c.il rêcorrf. À point-er
cotllains iì L't-,ì.-r=Ilcç. --o ;;r.j .ìGl{-- L-rirlorr-1 iit lcqiciti se,guÊrìce" Records
are linlçer: l.ú) rl:'.::'-r sì.tcc{lssor:-i ity poi-nters" If it j-s convrlnient to
âcceLìs jlre|tr,ec.:ìs,sors,. f-r+c_r poil:.te rs may ]:,e inclir,lerl cne back, one
fc]].nlar11 " Scne rtetirori inust l'¡:: Í.r:ui:û, r:f irLeil+-ifying the st.art anil end of
t[ç: chain. Tfri-s :L.s oftcn dr-¡ne Ì:,y inc1u,1 i-nq duniny recorils whose
arlr'lresses eLÊ krioi+lr to +-h€. access moilriles" Th;. Iast record in the
chaì n nay ccll--ain a pointe:: to ihe ,lirst- ::ecord in the charn to foiin a
RTr\,1 L: strucr-urp"

{ihaincd recolris n¡:r-'tl- lo'.- he relat,ed by ¡;hysical ailjacerrcy silìc--
f-hr: a11 'li:l:r;:: cf lhe nêx'c Lecorii is knosn ftcm a poinf-er" À¿r1 rtion an,J

'1 
E¡l'l*ui,olì ol' r+cctt,j!; nay tahi¡ pl ¡lcr-: ,rlaci: iÌtrcughou*r the r1 at_a stf riclur"-,

anc i.s accorpir-.sher.j -i,ir rcugÌ: poirt-er: ¡'locìifica ticn"
ltfì dij-ìon oÍ' e nei,r reco::11 -rriio a one-llay forv¡arr1 l-inkeC ri;:ta

slfìlc¿itre is tllusrralecl b¡lcr+,

1.o a,.id ::ecol'11 B i¡¡:ic;r l¡,;jr:a1.l;i iol-lor+..; A a:ri i)receerls C, set
SUC {3) : SIIC {Â) ani SUC {rì) -- B.

+--- -.--+-*--+tlìecori B I t+----------+----+

+----------+----+
lReco:dCi0l
+ ---* --+----- +

il lli'V I I+--*-'- +----i'
lPecordtslíll+-----------+----+
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Dcl-ci ioil of ÌrËc<rli, Li i.r_'J:t ri: rìåir¡l ìarr .-qîrrt¡_-t-ur: is iIlüs:ralerl
be ioi+ "

iiet "Sllij{¡ì) =:ìUC{3) ,
+----__ +____* ç __+_*__+
_l _I: : : :i _,]_ + _ ! _ _ j == -,= = === = == =t 

I _I ::::: _!_ ¿ _ _ g_ i
+- __+.____+
I pccori B ,l I+ ---- +__ __+

?hesÊ cx¿lnÌ:les ill usrrar-: r.h+: r*lat.ive Êase ,¡ith r+hich recolrls
citlì i¡i: ¿l'jcd ¡rn'1 rjr:let+,:ri :--r')riì ¡ì l-irkerl rlat¿r structure oncÊ t-he
ii:quire;1 rec<;id l-las ber,':n local-ed. rf a pi:ec.ecessol- poin+,er is included
ì n ":ach r:cci:r1 o -uh€n t-hc¡ ¡,rdriír-ion and 11 e1i:ti-cn operati-ons must be
;nod.ified io up,i,liit ihc scco:irl set of ¡,,oin-.ers.

Reco::11 r-Etrii'vo-1 rcilrtiL.:s s':ar:ch:-nq t-lie chai n f ron a start.incJ
¡rciiì+- ;tnrl lcoJrinq ¡r'i- ear-h rq.co.r,r succe,:sively ìrni_ii ih.: f{:.-ii.tired
i lcoL.l is r.t)ut i.

R'¡i--cr,ì u¡lrir: i_r nr; ir; a rctti :vât s in
sÐ(:Ilreiì,]r.ì i+hen iì-r,.: rc::coi11 kr:y is ¡lct- inoiifierl
relJlirr-. rhai f.iiç r,:corCs bi_. fixe:L íii lengt_h.
the oprl:el-ioit is a del-r:t+o iirsct-L se{îuilnce.

in ;rpplicai:,j-ons requi ¡il:,1 seconclary l(ëy.s several cÌ-l¿rins caìÌ ì;e
i"ruilt- anC rnaintai n,:11 t,h¡:r>u,lh the ,i.at_¿rï;ase, Inserts, r_rprlates and delete
opeiaii,fn:j requir: ihat eacit cl¡ai ii be mai ntainerl .

I'or e'ecÌr cliail Ín r;çhicil a r:ecorc partícipate:s as cwner or meili:e¡
a 4 bytc Ì:oinf,ei: frel C i s maini_ained. À d,:ta si_ruclure .øÌrich contains
iììor3 than a sirrgle chai I is a TliR llllDED cr iïllLTr-Lr.sr strucrure. i.Jhen
t i:e chai il;i -iì1 roilqhoul- a r'l ata]-'asc .Jcr veiry lorrq it- may he conveni-ent to
use a ccntroli,:,'i -1 i::t.- ler:gih nr:l.l-:--l ist_. f n tl:i-s 11 aia st-ri:ct_ur,e ro
l-i-sl m'ìy rllxciìt: 'l ,i qirrcn l-ength" iirstcari a list i"s construcr:el which
qives sÈI/(:lr.ì1 enliy Poi uts into the chain" This re,d.r:ces chain
seaichinq aarl 'Lhus lile nuinber cf r/a op+iaticns to ret.::ie1./e recorrìs-

llrìI¡i iliSìi
ill-lÄP'i ill 3

c-'orê rIoll ,tt-i:, an,J. let¡ri-Le

" Ty pj-cirl i mp1'.:inen'Lations
iiL¡cn the {êy is mor,lifi-e,l
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r.¡,1IY j:i:on 'rÌìrì i- o thcl nu tìtbêr CIf r-ecords in

J

!t
====

10

v 1,¡

I Xripfoyee # 'l4C 
I+-----------.--*---+

?-a

l'Jhen ihe fis;t, i-+nr-¡11-' is i-ire rìì.lrTì Lr.: of r€corC.s i¡t r-hc-, chainu the
strricture is aD ri,lvERT¿D Lr:ir. r\ f urtìierr Ket hod of partit.ioninq a

¡J.ar-ai:a::,: i-:; kitor,,'n as CnLtUi,Àiì p;!tì?ITfO¡iIÌ'iG" In t-his i1 ata structu,re -uhe

d.ai-airas= js pa.r-+-i':-rcrtcC int-o cc11s. A 1ist. is mairìtaine,j of enl:ry
¡rnilrl-'= in+n.-lCll CeIi. ,trS l*hC Ce_lI ¡,;iZ* deCr.eases til:.1at-abaSe beCOles
int¡ert,è11 ìlnti-1 ioi: a cell sirzÊ cf one record i-he s*.ruct-ure is an
invr:rj-crl list. Lârc¡{,: ceil ¡izes.':ent1 tor+arcl eit"hel a nuLti-Iist if the
ce11 is irit+:rI1al-ly nult-i-Ii:;t.::il t or a sêgu-Ântial structure if the
¡l;lta¡as+ is lot intcrrral_iy l-rs'c s'rrìlcrrlred" If the cell is internally
i-nvert,r¡,1 hy an InvÈr'iel1 Lisr tìrcn, rogardiess öt cell :sizeo the entire
f r,j '-: is j-nveI i,'.ld hu-u I lt a pirl-'i--i:;taqe hierarcÌry.

The pri lra::y s'u<;ra<; e :e qrii::enen-i,l-: of embe dC¡d tink :;yst+ms is
:s:nal1" ilie adrir',t'sÍl ,:f -"]iË,, ncxl-- ÌlÊcorrl is always avail-able from i-he
l *ccrd i:l t:lirrr trv :j t-)i--¿i J..ì. ihc alqorithlr f cr ulccessin,; an eml¡edrie4
]inr systern is ver y :;ì nple ¡iD11 thus +-he anount- or' co,1 ing tc support
the ,1 ata :ìtrucitir.r-= is ;n-i-ni n.il" rn or,ler to inpt.-rrr: p'rrforriìancc nany
biril:ers iì1í1/ b-: us;;d to stor'-r â larqcr numì;et of recor,l:; in prirnarv

In a nnlt-j_-r-rsiì: :nvironmrnt the probàhilitT ¡f
f iil'1 irrg a i+:cord il, pri na:y stoiraL-íÈ l,¡il l. be increaseC r¡hen t-he number
cf i:ecor¡ls in oiiiit;:ry.:ì1-rfriìî- is irrcreaseC. Blocking of tile physical
]:-+c.rid; a::d ;rlterpt-r-nq tc si:ore -l cgic;rl-l-y seq,r+lltial- r+cords

I

I

I
I

i
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i" ü Ilir/ÌtitTliil DilT¡ri .S?ÈÌilC:fUiìF
l.,ih+n aiì .ìÐi,-iicat:-clL r*c.ìui:-.,:s iìrrl_rí_keJ/ acrjÊs:; tc a iaraj:ase a

ccillltoli f-e<;liniiru: in¡¡cl-vi::; t.ire äÌe-i rìtainirig of in,¿ersion lists i+hicil
r.¡i-rll k,:y val::es anä. t_ccofd l.,r:lii_e::s i.or all fiei,ls ,Lofine<i as key. A

fu1ì-y i'nrre¡¡¡¡¡ or rjltvolui-et ,l.itai:ase supirolis acces:s based on er/ery
fiel¡1 'ì.i.rfincd in ihe r.:ccrcl . in t-ris i1 ata.strr:ciur.: f-he r1 ata exist,s 3s
thc concet+naiíc:l Ð'i tii'-' inversion lists. In pr-acti ce only a sul:set of
the llccoirl fi-'iil¡; ar€ rlcfin-rc a>- key, arc a kr¡y value is stored as
Da-ri- cl its assrlcj ate ri rrìccilrl oc-'cìn:rencÊ" si nce thi,. i-nyersio:l lists
ell'3 t1 rl:js':, 'i-hs¡ç¡ is Ito nee-'l fo:: r'ecolfs tc i:e storeil. in blocks any
sequenc.j. Typicall.y r,tcol:1s are stoïr:C in (er¡rriy_1u*t' to VSAi,l ccntrol_
inri-.'rvals, .sc3 .suctic:r 3.? for- a dcscription cf vsAl,l), Blocks are
¿:lloc¡rt*11 e:i rç.rquirÊil í-lon f-ce,, sÐ¿ì-c,,1 .

l1 ttlti-ìicy i¡::tr'í eval is -ìacilit-at.er'1 l>y thrl usrl cf list- sea.i.cires -,*o

;-inrl *'h,,: ila';¡ì reco::ls sai.isiVi¡lrì r--ll ,,1 Ì,.ool e an sea::cji aI11l.tnìeut" If list_s
al--e s:¿trcÌre¡l fron;.;hiillrsi. ir.t Lô_rr¡r_.st- the nunber cf ccnpar:i.sons nì ay ne
iniäirnizt:il a t eacir sríjÌ)' ';Jheli i:ccor,tl e xis.rence is the ansüer to .ì:he

{TìlÊfyd ìlû rJai¡i i{:ìcord ilç:e11 be Ii?*if i i}t¡i_rd, sirrce e xi s;tcnce inf ornalíorr
i-.s av¡rifaïtie i'rctit the, iists.

ihe illEr"rsi.q :-ti;:!-¡:rìrntc,r usinq tl-- .iilve¡+-ed list
p::op::i;ì-Lery. Th,: i:vr. loperì; of t-h¡::itl pa.ci<a.qes refusr¡
rt;taila¡1 1-cch.nic¿rj sp,:cifj-c.:.iic_:ns abol:t t-he alqorit
alrl :laì:'lt;lin i-nr+ir invc:itad i.il,:::" ,Ihe im¡r1enântati
is a po.ssiitic'¿r:chnique.

Às rìâch ¡;ìr yslc;:l r,.icoril is l oadec it is lssirln€r.1 as inte rnar
sto;:aqe ¡li lni;er (rS).1) whicn ion3-ii1,. ¡¡ith the record until it is
i1 ;:leti':d. 11 n rsN-BLCCii i-¡.bL'¡ is i:uiIt r;hi-ch a,ssocie.-es.,rr= ISN witii the
physic:1 slr)ÌlLìqí,) aidress of i-i¡e ¡-ecorrl" RecorCs arif store,l in fixed
ien'r'i-ir i¡,1 '¡rcks" Eacli brcck ney t-ne¡i contain as rrìany ¡rarì ahle renqth
lecoid:s as i¡j il- fi-t" ¡it- ir::rd tiiur: free space is l-,:ft in .:ach block to
¿iiiov¡ f or recnrl-! cxpånsicn a:-:d ii:rscl-l_i on" ÀIl iielCs a-re st.or-=r_t in a
coini)l-ess+:¡l forn" iìic;ir ordtl z,;èTc.:: anci;:íg'[t blanks are renoved frorn
-f r:¡lrls aril nrlll ficids ârr ;iot str:rcc." À nrrlf f ic;li is a field Cefined
in ihe ph'¡:;ica1 :.'ecci:r1 r-\r;t Lot D¡esenr- in the loqrcal ¡ecord" If a
:;:c¡ld gious ai:,1 ',;i-il lÕ 1i>ilqer: rit in tìre i:lock it i_s r:,:moveC anrj
s1-or':C irl ¿l-;toi-ilÉ,-i bl-ock" The n::ir1 i¡ra1 i:l cck rêcàpture;s the siJilce as

l) À ll,rr. il ;\ :i il
i-'rl:l ?T 1 irÌ 3

i,¡chni¡lucl are all
to maki: available
hms useci to build.
oiì sìrgqest.+d here
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ii:.:: Iìpac{-ì" 'lhc I:j};-3,-.rlùä t.rì1 ."i-e is urdaterl t-o reílect tlie üei,J bl¡ck
.,r.u:uhr: o,1 -,ir,, T:jl'1 " Tìi,:::e ì,s cnly one eiltiy in the +.abl: i-or each ISÌ{"
islir:s iÌr? alJ or:ai-til ::ìcrít.ìcn--i¡ l ly arrÌ r:used l'ih+r: a recor¡1 is d+:1eteC"
Th-:+ ¡;;:¡];r.ìr¡:3 i-rlocir tui-rilt':i- l-:ì the ()r.l-y enLry i¡t t-he:Si{-¡li,OCK taill-:;rnd
i+' is 3 i¡: 4 Ìlvi-,1 :f ì¡ l+i:q*. l: 1ep-.ndin.j on *'he nuinbec <:f blcclis r,¡nich

cell i;,r sj-i:tetl in th:: na¡.,iì:a:;e"

is).1-ilLocä rÀulä

I j ¿t l.:ctt::i f i;:1,1 i.s lL,rf ineil a:; ìir;y atì i tv.,-rs:-o:l lisl is; i:uilt to
crûr.ls rct::lrencç fit., lri vaLu¡: occuinrirccrs to t-ae ISN cf the i-ecor:,1 -iil
t+hic;1:. iir,'¡ v"a.'l-uc .rIiÍji-ì¿ìr'ti" 'liir: pnin;.r':.¡ fisst-. ccntai¡is the ìtey ¡¡aiue, +-\e

ISI{ ,tI tire firs'L i'i¡r:or¡1. c,rrlain'ì ri q lhe ki:y val-ue, íì poi.nter to t,he

rlnplìcir.t.c tajr1e , alri optiolally ¿i coiint- oí tie nunber of records
c<-rntainintt t-llis value,

?irIi'JAÌlY Li,S?

DII P ?T iìIS N rsl'is

11
1')
l

?/ì
14
l-1

4nIL
¡)

i(ii1¡ vlìtu n

Àùc
À3D
AÐ 1]Ð
i\7,
A7,Z

18
lt'1

1q
1

9

2
0
1

0
3

20
1

2
i
2

__rìr,

t:. if *
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The prinarv Iist-
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,-.-i,---.-,, I i ^:LtLrltl,l l'/ :l -i+.'Jl.t-Ly

ve Ittc in :lt* P;il,'a.r- y

is nai nt âin<,,3 in
s i>f ot-irer:::ecolCs

Ì: oilt " I t- cc n ta ins
¡i,;-- in'ì e f,oini:r

l..ey sequencrì" TÌ'¡e iiu¡rlicirte
con"-ai:iin.; the'çey vaiue cf
the ISI cll a r.ecord r,¡itir a

t-o r-hi: next duplicate"

D i] ? L lC Ji i II S ,I 
À 3 L I

lS t'ì I r'll Xi
0
'7

0

)il
¿.t

rl

T h¿-. i-li i rr1 ia h l-e r.t¡-h ìrar¡ =-i rlä ñr^ìe ì-,1f.:-or!-^.¡
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v¿ìl-uít:.r" It is
f É-ì--rie ¡¡al. B¿icl.r

alìd 'r j)oitl.lj: ':Õ
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Íilairlainerl i u ISIJ

record contaíning
.ts âlìlr,¡ i n :he

ISI..J-i{]1Y XlEF TÀìJLd

I:J i'I (llY- ITR

Rctr-ieval cî .iil ¡:ecol¡ls sit-li ¿ì Jtar-ticrtlal key r/alLlaì invol'¡es
íie:lrch'i ng l-hc Piìf fiAlY Lf ,5T io fi ri,l t-he öccrJut-e nc,': o"í the ke y \¡alì-ie. If
al1 thai is r.íì{ì ilii:cd i.:; t.Ìre iÌì.1ììber of Ì-ecords with t.his key velus,
ï-lien t:.ire infcr-na'i'íún i-s ¡iv,'riia;:Lc as r-lii.: +iSì,¡5 iicld, The ISN?s of atl
¡:eccrri:; '.¡it.ir t-his ker¡ va.l ue arê a,¡ailrrl,:le iìs f-ir.: ÐriÍìei--y lisi ISIl and
t-h* ISli llccrlr'terìcc:i on +.-hr'r rìuplicaic chail pc-i ntei tr-¡ by th¡: DiIP-PTR

iral,1 in thc,?i:ì.ti'l1,1tY i,ISai"
.Acccss;ilr.cj rccorcls l;ase c1 <,:lì a rnul ri-key search argunent is

ac(:amplisleid i n'i:licr rcl-1o'olil-rc; ne,r);ier;

f . if pos:;iìr1i-: sele ct ihc ke-y r¡hcse asrsociat.ecl primary list is
tLe shor'1-es;i. "

2" Snild a -.enÞcriìry tiIT-'ilÀilLl:l of rhr-¡ Iq'ÀÌr<.:ari<fviqq thi,s key
r¡a1ue"

3, Sei-ect fi-'oin the r.rnaininq unptccl:ssect i:-eys that key r¿ith tire
sntali est- ISIí-KiiY XlìEl t-ai;Le"

4. liiarch tire üfT-T¡\3LX t"o t-nis list altcl delete from t-he

iii?-Tl:iBT, l al l- ISli¡ r; Ðo-u .Írturr'ì in t-lie f sli-KE'f XREF t.ai:le.
5" Cont-inu+ (.1) alrl (4) it¡rtil all keys have lcen natche,l.
6" Tìlr: resìlltir:q ilIT-'iÀlllI ccnr-ain.s t-he ISI'lrs of -'he recor<1s

sarisf yit:g i¡c sÐarcli crite :: j-a. TÍ r-he reiìut::;l- i s for
exist€ncÈ o,1. l¿:r:ords sat i.r;f yi:r,¡ *uhp searcìr art¡urnent or fol-
thr: :runÌ;cr ci rccolils th+:n ::his infc¡:nar--_ion is noLr

;1v¡'i i¿þl-r¡, If {;ir.ì irtccr'i:; nrist T;e relurier¡ed then the ISNr.s
ã16ì icoirci 1lp i,il t-h: Ilili-SlOili{ rai;1o îo fin'i i}re acld.r+:srs cf

1+

I
9

1il
1.1
28
lti

r¡ I i.:l- l-n'r

in:;tliiol a¡ir'l

i fl .ì'j - L:i | .: \j

3
4
4
1

2
2
1



Ð iì:i À I i\:l rl
C iJ;i il'Tl i i,Ì 3

il ii'i rr,
-)¡^=
:4iJ ¡ I

aa

t-h: iesi icd i:':cci-il:; "

i{oie til¡rt r}i;: a}r¡,-l:---¡-'.hil i+iiI i.¡crk rcqê rr.1 l-:ss or tl're or,åer of key

;aleci-iot-i, Ii- aÌr i¡!:tD/l);l ircci.::alt search criieria is u.stÌCo then the k:ys
inu.si- be Ì;r+::;l-¡ii-iè,j. ll aíì .:iirlifìì l;hich sar,-is¡1j-es r.h+ bcilleiin alq.eirra"
Ssiecting tl:e,ilror--' lists i:; ¡rui:,-:ly aii et--ficicncy consiilerat-ioii"

Thc ilRIi'lrìäY LlSi is ina.r¡iiaíncC in kr:y ;;equeÌce" Sequential-
Ðroce ssil:; rriìy tÌ,us t¿th+ irlacc Uith lítt-Ie dif f iculty" ?h+ ISII I s ci
su1,--ces;sive iccoi:ii.s aié Íolrn,ì. l:y si,r{.Jìlentiall-v croc.-rsrsiltg the PßIi.1 A,ÌY

LISf ard F:l-lt)i¡irì,1 l;iJP-.)-Ì t¡itc.l n-ac,:iiSl:y"
lJh+n a rccord is u.pCa'',erì anrl uo key fie1,ìs ef(j modified only tire

IS il*BLOCli t-al':1er iu;ly :i,:,:rl tc :r¿¡ nodì f ic'J . If the recorri is lenqthe ned

and .sc r-rlov.s +.o a rÊìi.,I l'jl-r¡ck thel the IS|.1 -3LOCK enlry nust bi: uplaled
to refle,:t. tlris chancle, i.ihen a rccclil rrp'1-ric moriifie.s ì<ey fi--ids then
ri:e otiir:c iai;ir:s aie affac-:cti" ;1 1i chanqed k+y value.s m'JSr be ent-erecl
i n th,>ì r lr':r,r:¡-f j yr p11 ,ir,lAlilY LIS.iS" Tlie entr:y f Cr thr: prCrliOU.S Key nU:jt
]le pu::q':+d" ihe ISI\i -KltY XRniT -,-ai;Lc flr,ì.:lt he up,lat,e,3"

I,íh*n a rÊcorr1 is deie-r-ed i-h,l fSì; of ther reco¡i1 itr.¡st b+ rerÌoved-

froin t-hi: ?RIi'li1Ìl{ LIST'S oi ì,rc}i key iiel-ri in the iecord" T}ie ISl}J-KEY

fÌìHF tirhle er:try rìu^s-i i:: '1ele-LÍid for ,:ach key fielri j-n 1-he r,:cord" The

f Sìl-fìiOüK .ìntr! i;,ì "rl a l ¡:1 ,1 
"

lhe P,ÌIl'Ìi\IìY tfST cân l;e "s,?a-rcheC rrsirr.q a binary:;earch or a

hasirini¡ el-qorj-t-hin" Tlire ISIJ-llLOCK t-ab--l-t is direct-ly ind:xa¡1e iry I:iN
arrl -Lhe ISN-i{DY ìtFEIi +-ahle cd'r. l,.e.searc}r:cl usinq a bina::y searc}i. If
the tahle ìs cr'ciìi-cd usì-nq a h¡rsh functiorL i.hen the hash function inay

be an effective r€:t-iieval ncthoil"
f t is pcssi!-.1,: r-s r-ed ucc t-he a ncunl of table sp,rcc regrrired. to

-:-^'r^-^-+ lnverl-ed file sy:;tc-'n br',- this t^lil-1 cause a flecline in theIrili-'.1çrrrt:iìL ,M

efiiciencv af rrn¿irii nn an,i !ìê,:que ntial procêssìnc¡, îhere are
appl icatiols "'ir 

j-cll ba-l-ch urr,-1ar-- reqr:.ests anrl seldorn Ðrocess a datai¡ase
il a si,i),:trler)tial nanne:r, ?ciice Info;:[ì alion Systcrns arÊ exãnples of
thi^:; type ,)f appJ-ication"

Co¡rsirlc.raolc stor:t({ir ir; r-,1?iri tcc for t-he inr¡cr,sion lists and.

rel.rt-ed i-;rhles" if "tiri:; itifc;rnation is maintaì lled in prinary storago
tirc ccsls irì.iy be exccs:;ii:1¡3, p:.r:ticrrlar-l-y rihen r,rulti-key retri=¡¡a1
¿)DCuå+r.- ions ¡r:quir-e tìrl stor¿t1JC of inf crmation f of serr¡:rai koys"
TeCiii:i r.:JìleS Cf an ':1 bit codinrr cf ISll-BI,OCK
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3.': 3IT YICTOILS

i{ii':r i1,1i:.l fir:id:; carì i:c coil¡,=rì i¿ith a yes/no ìn'l'icato¡: a bit.
rilc*ir)u ilän il ..ì buili +-o iiescr:iìrc:-he flelC'Jaltle cf these fi:lt1s. Thls

faciiirat¡s re irieyal of ai i rrìccr:dÍi s¿riisf .¡inq a ¡:articular cri'Le::ia"

I,îh.:n r,l¡ltipI.t Ii,¡ir.js ai? so cci]i11 t-hcn a bit tit¿sl< cen ]¡e ]¡rrilt an,i

cornpa::cil across l;i-,* vectDLS t-o sclcc'i r-ecords:;ai-il;fyl-llg spcci-fie{

cr:itería"

Ð ¡1TA IìECOF,D
CHÀ]ìACTE]ìiSTICS

¿{l)U
+ --- - -- ---= - +--- +- -'+--- + -- ----- - -- +

I lxt lxl I
+ - -- - --- +-- - +--- +-- - + -- -- -- - --- +

I I lx lxl I+- -- - ----+ -'- + --- +-- - +'-- -- ---- -- r-

¡ lxl I I I

+ - -- --* - - -- -+- - - +'- - - + -- - + --- - - -- --- +

I ixl'/, |xl I+--.-- -+--*+'---+*--+ ------+
| | lxl I I+---- ---+---+-'--+---+-*---*----+txlxl 1 I

rrofiie r"hich is
Tai: fi-lc: is then
llhe hit proiil e

ItÌ a lando¡n acc¿f si.s êiìvi rcnni:nt tbe bit prof iJ-e iTìcì.| '¡e maintained

a.s a -separiite ilijcx wlth rire adC. ,.::;s of cach rec crú which satisf ies a

panricular l¡ir ma:sk"

tsir- ccô.i llq ctTr! bc useil ef fectívely vhr:n tire f ields on 'v¡hich

engltiries l,li I L ue narlc .rre kr-ìc\,rn in ailvanceo and '¡hen the f reld values
can be rËtÌrresí:rni-,:d as a sixitLs bi'u. An í'xtension of this technique
Suirports -'l:r':: uSe of lrit sitinrJ;.s ¡or data Vù.1Ìl 2 cCding" Tc be an

effectivc 'u:fcili.l;qrlc ¡ ',"1'e aiqori:--irns t-c ccnl/Êrt r1 ata io it-s bit
reitreseiìi-¡ìtic-n sbould ire si nplt-.. i'lhr.n stir-f icienr: core exists to store
-r_ìre bit -¡-Êct,ors cL- bit p¡of i --i-its 'ì n co::e very rapiC r+trieval cn

nuli-i.-1.,r.,.y scarch ¿rt:qì1ilìeîit:; is cos-ìsibl-e. As in r-he inveiterl data

stltlc;rt1e ¡nly:lccord:r sat-i:;-tyinr.¡ tlie c<-.n'Lit-j-ons nee'l be r.itrieve.d'

'Ji]ÀIÀCT!-r3ISTfCS

ÀBC+---+ +---+ +- --'l-trll llxl+-.--+ +---+ +---+
I ltxllrl+---+ +---+ +---+
trll ll I+---+ +---+ +---+
txllxilxl+---+.+---+ +---+
I llxll I+---+ +---+ +---+
t.{]lK 11 i

T 1-r¡: se Lri- t- vi: cto i:"s d rÊ

a

proc,l:,sr,'r1 sìequ€:nti¿ll "ì Y an'1

reil uc<ìs cÕmparisori *'iine 
"

oficn corrbine,f intc a Ì:it
rrì a ,sirr"iuen'tiel fii:.
desirecl ::ecorCs ::etrie¡¡e,l'
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r 3"6 'rttcïllire fecorts ?ritiri;ls
l,-ilitel)1ê t'O i-_iie ìlIiL:i. K.,:y Sc tlnït!iat-*ù" :ì r€col-d loca:c ,,r_llíì Key Vtìl_rlLt \uiricii l¡relr Iet

t

( J,6"1 prjIìg $rRi_-cT

A pure dir-ecr da:a, si::ilc:ilril c¡ìn i:c vier¡ed ¡ìs a pur.:ì seguentia 1,:1 ata .s+_llLlcrìtt_-.J irr ,*,ì,ich record:; aL_e d ir:ct-ly addressable 
"r','ril':li 't l<+y velut: assi'lned t,J e rccorrl is 6{rìâ.r to its addre:¡s onseconfai:y rÈror'ì(r'e tre re'crd is cri¡<:ctr-y acdre:;s;rbr-e r¡hen its key isknor'¡.' stDîaq{l i:r rtquitild r-cr *.he L-ecord data an,. a r1 r:mmy recor:citiclicator. :ilL¡.: key f:_,-:1,Ì lleerl not i¡e storerj r+ith the i-r:cr:rd. This ¡lat.astructure iterìuir es i_ìlai_ th.: :l-mple,.;flen-;or ccntrcl th:; al iocatioa of keysand i-hat L:vciy possìii¡l-': k-ey i:e assj-gÌìed tc a v,r1id or- cruinny rÊcordÐccr,1I-Ìjencc; f or ')xain¡:lÊ" â ccrÌìpaly å-j-I ocat-.r keys in the rallqe 0_q9g9"Th i:; ;tl1cr,':; 1t r'ii)0 re ccr.i r; io be storerl a¡id 10u 0C0 locations orlrri.-erri,al st.oraqe ârr: rr:;sei-r¡er.i,lior t_hj-s,Jat;ibase"

3"6.2,1À^stJEì rriìxcT
iÌ:cor4s a jre 1c;catcd dir.ectiy a-t an address calcurarerj by a keytransrcriiìeticn al<¡olii_hn l,¡hicir lnali.s r-iie supplierJ key value t-o a reco.'rladdress" Thr key fi-errr cf trre r.cord ri:trieveci i-s comparec torletermine i'¡ite' tir'¡:l the ri+sired rc¡cord. lia,s rree¡l retrieved. unfortunat-elyit i:s pí)äsihl¡; lÌrat- lÌlofe tìian cnÊ k'cy var.ue l.¡irr be transforme¡f to asinqf¡ reccrii ¿:drìri:s.s (scc !lci,' vo1 16 u ,+ 10 f cr analysis oft-ransf crmat'io:: f uncr-ica:;) " Si:Ìr"';equeJlt i:ecortls aro called synonyins ancnust s':irelio',,r hc rcl a,;,:d to t,he f irst recor,,1 a-u e partì cular recordaiì.Cress.

Tìì ÌO iJG II i{EY T iì iì if STCl ii ÀT-IiJ TI

a ,iat-ai:asc n¡iy Jte orqan-ize11 j-n any ma¡ner
cluence iìjtrl nhysical se,lucuce are typicalty
ion is de.termineC by applyinq a frrncj:i cn roturns a l-eccrd loca',ion indicator,

TxÊ

f irnct i o;r

rl en s it ies
Ttie

eyalua tin r¡

f ou. nd to

i:tt:, 
ttìcasur'r oî :f f ect'i '¡Ëness cf a key trans-fornaticn

;ì- 
"l^^--:lr":1. of synonyns which occu¡ at- varyinq packinq(r¡" J.eil:1 6 oi f lrl I n,.:ss tlf ihc data space) .

'sÊcon11 and usrä l 'r y norr irnportant consideration ,sihen

, :11= ,:n,.nn-rq',: 
i¡; tirc han.ting of syronyms, .space must treirL'j-Lrr -ril l lr lH rccot'il an' scnìe netho,i l.ust be incrr¡dad to
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Eelat€ sYncnY{ns.

DÀTA STJ?I¡CTI'R¡'S

Several nethcrls have heen us€ri tc han,11'r this situ.rtioli. ¡Íi3
simplest anC u.s'¡a11y ncrst:¡ethcC is tc s€arclì fc¡ the n€xt ¡v¿ila¡I¿
op€n slot in '¡hich the n€L¡ r€cci;l çi11 fit" 1ì syncnyn ch,¡i¡¡ tirdy be

ccnstruct€d tc rciluce retrieval tine. This methc,l cltìcrârìcs v'Jry

rapidly (see diaqram) cnce the file ¡acking erceeos 5Cql" the expected

nr¡uLer cf Frobes tc retriev€ a Farticular reccrrl i¡tcreases

expcnentially until et 95r, it exceeds 10 anC cv€r 9CT appl-oacltes

infirity

Av€raq€ 10
l'.o.cf 9

Frol¡esFer B
Eeccr d

7

6

5

4

3

2

1

DIFECT FftE il.1I:iT'ËN11t\CE $-ITHCUl ECINl!FS

Average liunter cf Frche s t c Rê t rie r€ a Fe ccrtl

P¡i,i E 3 1

A seccnrl techriails the VTSSCl2FT t/ITI;Cll atte.'npts tc irprove spac=

utiliz--ticn by apFlyi:r,l â Secorìrl transfcr;ratí.cn tc thc kcy a;td usili'J

the ne,r/ aCrJfeSS lCt titi.) -qynCIlVf!Ì. SthseqUent Sy!lCllYlTìS ar€ C¡¡,¡-ìt¡úd.ìlli

space is allcc:ate,l il some',¿ay. This nethcd apFears tc'¡crx '¡eI-l for
nackinq up tc 90il, uir h thc expectecl number cf çrcbcs ahcut 2.':" ¡ln

e:<tel:sion tc this nethod which miqht alsc uork is tc all.ocate 2 or

more reccrd typ---s intc the sar'€ dataspacc. Tf the k¡-:Ys oi ti¡e

sul^se{lucnt reccrrl typ€.s fclloç a different distributic¡r tirtrn the

prinrrrv keyr this rnetirc'l shoutC terrrl tc us€ the tctal space nore

corcfletely"

+---- | ---- I ---- i-- --0"1 a.2 0.3 0.q
t---- t---- t---- i---:- c.6 c.7 c.8 0.9

I
I
I
I
I
I
I
I
¡

I
I
I
I

I
I-t
U



DATAEASE
CIT AFT ER 3

T AT å STRUCTi':ì ES PAüE 32

VYSSOTZKY ¡IETI{OD

Ãveraqe lir¡nter cf
¡,CA TÀTN1ÃINI!iG T1¡ECT TITTS

Frotes tc rìetrieve a Feccrð

Âveraq
No"
of

Probes
Eer

lleccrd

e 10

9

B

7

6

5

4

3

2

1

l-¡", t- o: rl -õ;¡ l-õ.i'-¡. 
= 

l-¡ 
"; 

t-¡.; l-õ";'-;,;'-¡i

In bcth ti:ese net hc.l s availa h1€ sFace mr:st te nar,a,1e13 in sic)!ne wa y

so tbat syncnyrs ca n be allccated tc unuserl sFace efficiently"
A third technigue kncun as EIICKITTING siu plif ies spac€ mettageuent

by hashinq tc a EUCKET ritrich t-h€n ncin*.s; tc a tlcck ccrtaining Inl

reccrds. Tree blccks arc maintained by an ar¡ailable blcck chain and

allcc.ated as neerled. Ðlccks neerl nct te ccntiqrrcus ard ar€ i;uüt=iiateÌy
reusahl.e i.f deletcd. The nunhe¡: cf I/C cF€raticns r€quiretl to'etrieve
a r€ccrd (lecrcases as the numLer cf reccrds rÊr blcck ilicreases.
However, tÌ.¡ aIc:tft+, cÍ r.:nus¡:,i s3e.ce a]sc incrcas€s, since cnly reccrds

hashing tc adrlress I B r may be stcred in ELCCK (EtjCKIT (E) ) " Tire buctiet

size is picke 11 as a primc num hE:r sucl- t tat the Frcduct cf tire bucket

size and the nunker cf records rn I per blcck sliqhtly exceeds the
exr:ected nuqrber cf reccrds in the database"
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*--------- *
llaey Valucl
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+-------- -- +
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+---------- +

| 123 |

ll+---------- +

I
+
I
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¡,CR DIRECÍ TTIF I':ÀIi¡CTHIITOverflc'* Fcr Variou-" Eucket

åTDFESS SPAC¡

EUCI( ETT T I]G
fxpected Injtial

Fxpecte d

Tnitial
Cv€rfIcu

I
I
I
t-q0
I
I

-2.0

+---:-

s'Y

0. ì---¡ :2 C.3 C"r{

LCÀIì FACTCF CT

çfj

,Lclú

c;5 0;6 c"7
rlLT

Records are retri.averì frcn the adclress deternineo by the itey
transfcrnaticn alqcrithm cn th,: irput kel" Tf the reccrd js a syrìonyn
it uìay be neces-qary +,o retrieve sevcraL reccrris tc f irtl fl¡e -correct
reccrti. Upriatinq invclves tÌre retrieval, internal nctiifjcatron antl
rer.¡rittinq cf the reccrd at the pre-r.leterninec adC¡€ss" Fecord iengtir
may nct te increased except ir the tucket technique. îecords are
clelete¡l br uptlatLnq the rluniny reccrd flaq" I¡r the bucket tecirrri-que
space can be reccve¡:cd ldithi n a Llcck uten a r€ccrd is delete-r f rom

the blcck; a blcck is recover€d rhen ev€ry reccrd in tha l-rtocit is
dele tcd. Reccrds are a.jrled by re trievina the reccrtl rroflì the
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í1 Êi-rirlnin.':,1 ailtlr'.::s:;" :í *-h,-. ret.rieveil ïiìcord is J dllnÌny the opeìta1_.i on
i:i an upd¿t-rr.). !î lÌ.1 i-- tlie I c synoìÌ)rlt ape j:aLt_cri l¡usi bs inr¡,:ke.;1 .

i-i:giç¡11- slqu'-'ntiai Ðltccês:i-'in,J of the riat;r sti:uci-ure is not
pOs"sii,'le i;irlce i-+coi:rls rr-e n{li- ;rainf-¡ri¡rcd in any 1o<trical scog,jnc+.

il i-riinaì ÒvÊri-lc¿ltl Ío.-'' :--lic storaqe of cont-rol ilrforiration is
inherelli ill ¿l¡is mr:t-hc,.1" Tre adiirr,:ss of a d-:,sireC record ís a¡¡aila;r1e
fron the kr:7 rullsl'lsf,:rt¡l¿rtion ;r1,lor:ithrn. prinary "st,cra.ge is requi::e,l icr
tirc a l-golithnp âìii r,:cord.s Llresent_l'/ b,;i,-,q processetl in prinary
storå'JÐ. Ta the i:i:clçeitinq t.:chnioue f;:rther st.orage is re¡l¡ire,f to
:st"cr.': I'hc bucket a¡id bl oci;.s contaíning recorcls pr,)sently beinq
pllocesse-,¡l i-rr priiilaiy srcracii), fn a mul_i.i-rrser Gltsl{S it. nay ire
cles;i::alli e *rc incre;lse the numl-.p-'l: of -buif ers ar¡ailable to store records
in primary storaqe" rll tlii s Íìanner the probahility of a reqrrest for a
t'ecolltr hr:ilq siìì-.i5fíe,l fi:c¡r prinary storaqe inctr€ÉlSes. The use r¡f
several irui-l-er:.; .r11o''¡s tìte scheÌrtliriq of asynchrcnoìl:s T/O cperat-ions
fron sÊvellel ,le vices u wiiicir r j-11 in provr r:spr¡n.se i¡l a rnulti-user
enviton¡lLe ;]l: '*it.h ,-1 i s:,,rii:ute Í re ;_Ìues+.'.s,
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Diieil;;oL.y-i,.asr.:11 sVîr+ri:ìrì.i aj]':i rl+siqrii:,i rc pl:cvirle ltandom acces-s to
uniqili: l-y ki:y+liì rjata i,scrlrrLs i.'iïhr:ul I,he nÊcesiii ty of se,juential-1y
prc,cessi.nq a 1ar.c;c ¡:a:-ì- c;f the ri le" ¡lCiiitio¡ral1y, support is proi;ide11

for sÊlquenr--j..a1 .r:i:oc<,'s,,ìinq- o,1l ihc ii¿rt-a. Th-o data lecoi:i1 lie'¿s .ìre
org¡ìnized 'i ni:o a hiei:¿:ilr:Ly cf ì nr,iice:; nucìr iike l:he in'lexinq st-ructure
tts'-:,'1 j-n liÌ:rary cald c¡rtal-oqrles" ll'¡¡o trilpÈs cf ind+xin,; ar,: uscl" The

drf fcrg)fìctl cccìlrs i n th(-,. l,r'nrest le r¡el of injex" j\ Irrlenserr inilex
cont.ains an ent::y fcr each rlata recortll whe::eas arrnonrlense" inrl+x
cont-ains one enlry f or eacjr nhvsical stclaqe unit {blcck o control
inter:val).

A ,l¡¡n.se ind-er contains, in i:Ìr+::ì3(ììlence set, an entry for "very
dai''a r:co¡,1 l-n tirc iai,ai:as:" i.,'sinC -.he Cense techniquc, it is not-

nec?ssåfy f o:: i¡ìcorris wj-'uìrin a pi',ysical iilock- t-o he i ¡ kcy s3(Tr-lence"

llach lo.xical- recoriì is; l-oc¿r-t-el1 i::oni thê sequcnce sei aÍi a relali.¡e
lscoiil nrriûl;ero in a phy"sic.il l-ri-ocìco:l'io'r€11 ai- a rrflô.+-ive Llyte aCrl¡:+ss
(Rili\) " .\ il+nsc i ilde, x alloç,s r¡:ct:rds tc J:i: randcmiy or seguenr:.ially
itetricverì froni a,iatal:as+ on mci3 J--haii a.:iinql-': i<ey" lhe a11 vani.aqe cf
a\. n<¡ililei:se i nCex, !i'lì.Ji1 r'.:co::ds are ::et¡:ie'¡eC on a si11'Jla keyo is the
larluc+-ion il: iitr'¡.:x storaqe ani faster ret.rieval of sei¡uentì-atr-ly
p::oc:ssed i:ecord.s froni a nhys-ic.rl i;lock" Fecorils wi thi n a block rnrr:;t

be naint-,rine-.d irr key -scrJuenc.rì irhi lc hlocks: neerl not- be thysical-1y
silqu enccd "

r.rS:i;1 (\'it_.trr:ì :ì;,)L-.,,tï -, ,,tí;rln.,l ..j .lc', lioi.) is ;l.tì exa:nple cf ,f ncndense

in ìrxinq s;j:ruc+-ule. VSil14 can also he iinple:nent:d as a C.ense inde xinq
scheme" ln an inCr¿x-¿.d access neiìrod, levels cf in,f,ices are built anrr

naini;;rirler-1 '¡ilicÌ: coni-ain t¡le hiqhest lçey in, an,l a poiuter too each

þlock in th<¡ ll,.-x-u 1ov¡"er .!-r¡'.¡el " Sufficient leveis are built such that
lh+ iriqi',cst level'i .E a s'inrJlc biock.
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f Q ¡I-SÀili thr.-' seqil,r:lc,l set- corlains +-h+ ì<ey of , anC a point-er ic y

cach pilysic¿:.i i.:lock {colltr-cl inlefvel) " The cata rÈcor(is r,rithin a

blc¡c1; ero tì aint-¡:ii:cd ;riiy.sical-:l-\,¡ in key s.jqnence. 1,er;icaI sèq'Jetìc-5 of
',he 11 ¿lta.s,t-,- is mein j:ain¡:.1 l¡y succilssi ve s3iJtlencâ set pointer"s"

ThereJ al:e two lt¿;sj,c -i¡iscrrion.stra'ceqies rshich cân be use,å in ar.l

indexe il st-ructrr::e; i:r-p l¡rce; an,l out.-of -p1ace, In-plac+ inserticn is
u:;c,j l^Jir:l-t tl:c s,:qu.:ìce :fet is ncnc-1 Ênse and. ou!u,-cr-piac'.¿ '¡hen the
seiì üÊnce Þ^Èt- is ,ielrse 

"

Or:t-of-F,iacer i nsi¡ j:''-ion ilvof -¡es i nserti nq jìet{ records into an
cveilf Io'.i iìrea âtj,1 po j-nt-"i niJ tl:.e inclex to t_h+ n?H r¡¿coi:rl . Space for
ot¡r:::f1c'*: aey be ailocattrl witl¡in or external',-c the prime rlata area. A

ttvaxi aticntr of this nq'thc,l i.s use rl in the Indr.:x Sequential Access
i'Ier-hoC (IS 

'ì;{) 
,

In-p-.1-acç: ínsett-i-on is .scmi:what nìore ccmplicate,'1 ; since the nu¡nber
of insi+rtions anrl t.heir loc-at-ioll ís not preileterinilleC, space cannor hre

lesarved in a11 r¡ance l+j i-hi n t-Le prine da+"a area" VSA¡i uses the in-r;lace
iilsertio¡r teci-rnique in bot-iri t:; dens;c anri non,'lense iinpleirentati ons. À

physi<;al ir.Lcck (in V5/\l,l f, cüÌÌtrcl j-nt.crv;rl) is'fixed in lenqth for a1l
entlies -in a C¿l*uâsct" ¡lii-i'ri¡i tlle ccntlol int+rvaI records may be
variaìr1e i-n I en,ltir. Ri:cor-d lenqt-þ5 ar€ naintai:leù in contrcl_
i¡¡:,o,rmation sioreil i,'-; ihi:l each contrcl interval" r,3srlrvêC withit a

cont-l,ll ini"ei:.¡¿tl tr::-aciiir-ale -il:s i"nse¡i, ¿ìn/.1. upCate cperaticns"
'lhe rt¡iiN of a llocat-iolr j n VS i]i"1 is the contrcl area, 'lrrhen iîore
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s;lac,i is rii i;'Lli;:e,rl i-ir a; VSii{ tlA-;âLf r-':! r ¿ì contrcl al:ea ls

is; f linat-ie rl ir:r.o ccnlri¡i i nt-e rrlal si"

Tìrc. i:ìlqori-, lirl ._Lo :.nsert- a llecr-ri*d i-nto a V:iAi"I r1 a*uaseL l-s nost

easiiy pllÈí;ant¡¡tl ås a. S:lc;ìt'lïìCö oi necj-::ions anr,i ^Steps adapterl Èrom tire

Itsii SYSTfli'lS.liltlSlìÀi, VcI 12n ii4:

1. SÊerch rle :.ndell ¿ll:i1 locat-e tne cont-ro1 int-erval-'i lto which

the Ca'1-a::ecorrl is î-o lra illscrterl .

2. If t-herq: is Spacû lv'i+"i:i¡l '.he control interVaL" ÌneI:ge the

iecord r.o hg-' iiiser+,-f d -in l;Êrìu(f nc€j i+i thil the coltlol

in-,er:val " l¡io update of thr: ncnd.e nse in'1':x is reqüired' The

,Jellse j-nCe,.{ tit ,.lst ite i:pi1 a-ue11 for t-l¡;.ì l)e1'I record an'1 for each

ltGCotLj r¡hoSt] l-ocatioit r¡i r-ìrin i:he ccnt¡o1 lnt':rval changes"

3" T,i titerc: j s i-nsul t'icient srjace r+ithin ine contrc'l .i nf ¡;itrflf o

check r:o ,sre ii -uhei,.: j-s a sÐ¿l-Ie contrcl ilterval- j-n this

cont- rcl. ,1iea 
"

4" i:f th,.:L,¡ is ¿l spalle coil'i-.lol intÊr'¡aL +-hen:

ta) i"lian *.i,,e, f irst iLal f of the zeccrrls ,f ¡lcm lire t-arqet

conrr-c'ri ì n-"?r¡,'¡f1 intr; t,lio' sji)at.e c;cl1-rcl inrei:t¡al along

,¡itL¡ ,LÌie trr.ì!J :--,::cor-iL if it i.íts r,¡i-t-ìr this 'i;eq11:I)c3, and'

'u:r'i.-*e, thc ne1'; col:.+-LoI ínt"r:rval'

{b) Ilpilat-rl tlie segì.tiìice set lecord for the cOntr<¡1 area by

ir-isei-rinq an eni-i:y f i:on tire acr-ivaterl con--loi 'i nter'¡aI

anrl lir.ite r-he u¡ltlat-et1 sÊquence set reco::'1 . Update the

sÐglÌcnce S+t Èntrii:s for each,lense indeX" Th: Sequence

sê-r, for each reccri no'Jed. to the ne',,¡ colì*"ro-l interval

requi-res uPat-Ír q.

(ci liap iiLe silcoir,l l:alf cf th+ record*q cf tir,: target con+.r:o1

ì nlr¡rval in',,o t-iLc f i rst- half of thr: ¿¡1¡r-¡i:t- ccnlrol
inielr¡¿ll-. uelrge the recor:i tc i;e inserterl ii i-t- fits

intc t.hì S s+(f ìlí]nc1. i{iii-e '.}lr-= uprl¿¡a¿ tarqr-:t control

intorval-"
" ')" I: Ll:+r: is r.o

{a) Àl I ocat-c

oÌrtai ned vhich

sllafrl con'"to-1- int,erval then:

a ne'r.J coni,-rol area and a ncþi sequÐnce set

re coril "

{b) i"lap 'i--iie first ilal-f of l:-hÊ t-arqi:t ccnt-rcl arr:a inLer'¡als

int,o thc Ir.j',¡i :Ìrr:a an1 bni 1C t-he Seguencê set- recorrl f or
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ihe t{:lrrÍ Area" tlritr"'uh9 n2}J COntfOL alled' anC SeilìlenCê

sÊt lecci-'1 "

{c) In sÊr', an ell-,,ry ì ttt'c thq: h iqh- lcvel i nr1 r':x f or the new

5+'ìuen cc .;:t r-e cr:l11 '
{,:1 ) ilp{¿1 ',6 t}ir: ì:al^get :i{" quÊllcê s+L ::ecorLl ì:'y n¿rkì nq t-he

firsÍ: hali of t'le ccnt.rcl inLerva]-s f::e- co¡r1-i:o}

ilt-crvals, allrl t';rii'ê -'hc r':coi:d"

{e) The inser¿i ca

itn ;:Pi.¿:.tc cP*ration
recorrl or chai:r;c tirc.l ilata

core anil re'o¡rite' if an

t-le cecor-;1 keY tìr=ll t-Ïre

f<¡1-ì-cr'¡cd l:Y an j-tiser*u"

l)ar-a recor,ls a!*(: l.eiri,:v,l,l ¡:andcnly lly a tcn-to-i:cti¡ltlt left to

riqi.:t s,¿alch of tl'ie ir,cJcx iJll-,-¡ics;, I,lhclt t.he desir:e'1 sequence set enlry

i:;r'-¿t-¡:ii:vcdabi¡iary:;ealcirofthecniriosintìre:;electedsequence
sct- c(:rì-rl-cl interr¡al is uscti í-o fj-ld t-he Ilel-ative Byte Àcidress {R3A)

of. +,h? 11 e+".1 rrìcollC an,1 .lala ccnt-rci j-nterva1" scr.{rreûiiaL processinq

ìlsef; tire se.gucnce s'¿t frcp left to riqhi- to Tlecovei loqically

,sec{uen1:i¿;. 1 ¡-orrtr cl in+-ei:vals"
Recolrl <1 s.j1íìtion involvcs llecold ret-rr+:vaIo an j-n-corc dt:let'ion

anCr 1¡f', shif i cf iite coiit-::cl i-nie rval content and i1 r¡:l'lrr te of' the

coni:roL rnt e i:val. inrlice s ere ter¿er upc.a-,-ed f or a flelete operation "

I,firen all the rr.lcord:; in a ccntrol inter'¡ai are delei'-=C the cont¡-r:l

in-ie vaL is added to tii'.= f ree: ccntrcl int-ei:vaI liSl' to be uscd' ì n case

of a controi i n'terr¡al splì-i, liiinilarly 'nilieii all record's in a control

area are deletado the ccr¡i:-cl- el:€{ì i s niade availa}rle for Ieìlse'

]B
D iiT'hi.t.:i:iii
cliÀP'itìlì 3

can IìctI i:e Cone via Rule 4"

,u:hich do¡.:s noi- increase t"he s;i-ze of a rlata

record l'ie1' Ís a simple retrieve, rrpdate in

updata cnangr+s t-he recorå I enqth or chang:s

cce i.rti cn b=ccnes analoqo\ls to ¿ 11 3'l ete
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':
rüctures us€il in a datahase ar€ tbe tree au<1The tasic locical strtctures usei

netucrk" The stEuctures r=eviously €xamined ar€ useil ir the building
of trees a rd net'dcrk sttuctures.

BCOT
A

succEssoF
cf A

Tre€ Structurc

À rccted tree is a orerrh ccnsistirq cf a ccllecticn cf edges antt

vertices uith each edqe ccntainiliq €ïactlY tt{c vertices" The vertex at
the upper enrl of an edae is the çrerl€ce-cscr cf the vettex arrd the

vertex at the lcver end cf an edoe irc the successcr cf the vertex" In

a.lditicr:
1. There is a unique ïer+,cx (rcct) uhich ìlas nc pred€cessors"

2. Every vertex cther than tb€ rcct has exactly cn€ ¡redecessor-

-?" Every vertex cthcr than the rcct is ccnnected tc¡ the root
by a (unicrre) patl r"uch that the path t'e çins at thc ioot and

en,ls a+ t-he vertexo a¡:d s.-*ch that each vertex cn thc path

cthe¡ than the rcct has exectl.Y cnc edce erterirç it.

FRTIECTSSCT
cfS6T

VERTEX
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¡ a irs (e clges)oraPh (,JiaqraPh) is a set
a -.et V call ed v€ rt ices c f

E cf crderecl
the graph.

rliaçraph r¿hich ccntains nc circuits.
restrict icns cn the nurter i¡f eoc;es

cf tbe graDh ccrr€sFcnd tc records in
t-h€ srlbtree fcrn'c,J ty ¿ ¡çr1û a¡¡rl rt;'i

Directeil Grap h

A netçcrk is a

InLil:e a trees tirere
:nterinq a vertex. T;re

r databa s€ st rrrct tlrF,
i.eav€s"

c cnn ect ed

ar€ no
verti ce s

A set is

llets¡crk Struc+ure

Tree --qtructur-^s in a rlatabase ar€,lirectei. Tn tte hierarcìry,
:eccr,js in tï'c stti:ctu:r:r ôr€ c'r:ìers cr cçrç11. i\ r.ccr,i is chltÐ,1 ay its
!tnr,€diat-e predecesscr in the graçh and cçns its jnnediatc srlccessor"
in a tree struc:ur€" eãcb reccrd except the rcct l-.as a sintllc oi¿lter

)ût may chn any nunl'er of reõorrl-q. Tf a reccrrì has Icre tl:a¡t a sitt,.;Ie

)çrn€rs the qraF[: is a netçork. If a r€ccrd is cune,] by itselr tnen the

IË-aph ccntains a cjrcuit" Tn ilcr+.a structi¡les cf interest in a databdse

:ircuits ar€ nct al lcwerl" a
CIFCU]1
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1 " 
t) jiÀ f r ;'1r1 li r'ir.ì lll i:ill Ì'l f li CC 1Ì:-l :i i{ E'r'li0 D:i

'f he o jlÊ:r'arinrÌ :ìy:st{iäis ilncle i: r¿h ich GDill{S run ;.¡ro vide se veral
ec{--4}ss neì.'hods tr¡ simpl-ify tll::r d.a':,¿r nan¿ìqÊnc:lt- ftl:tc+-ion" These access

rnei jlocs have cvoiverl over -i-inù and are impleilented j n ,/arì ous llays by

+,ir+ ccntDllt,lr na;:iuf;rcturin<; ;;lt1 ur;ar connunitj-es. In inpl-erentirq a

data :;trr'rc-lure r,¡i,*-hin a datai:asen data acc€ss is usuallY âccom.olished

i,Ìirorrilir an âccess r,etÌro<1 ::cuiin;" Requests fcr records fron the
C.rtak:;rse are convert-ed Ðy tìre G)Bl.1S file systen into a sequence cf
acrli:ll;s niiltiron rrq'JCSl;s, v¡hicii in turn qenerate r"'luùsts to the rnput
Oui-Ðüt Supervisor (lOS) throuqh whicir tlai-a transfer is haniled. Data

itens f ron thc¡ pirysical- data records are cor¡hi neC. to create the
logical data recor-rj requested by a rise.r"

The Àccsss i{ethcrl Services routines exist- wit-h the operating
sysl;Êm rD provide -.Ïic uscf i,¡ith cert¿rin lata aanagement fac-il-ities at-

â noi: ilacÌrine lal:ctil.a,JÉl ler¡r:1, Scnìe of t-hese facililies afe:
f. ilE,lDläÍITIi/3.XiJR,'-TE ccÛtnand-s for t-he hanalinq cf loqical or

ph vsiciil dai,a recorrls"
2" BJ-ockinil alld Ceblockin!l cf pliysical reccr,ls l-o loqical

::lco rd s .

3, il synchronor:s +x*cut-icn of fnput Outpui: op=rations and.

't)ioces.';inq 
"

4" Ilanol i ¡lg i-,¡f encl-of-./oIùme¡ en,-l-oi--fj-le ailrl errcr special
crlrd i--ioi:s"

')o Access to dat,a hY naitte r:nir,r"

6 " D,:f errerl d.cf in-'i t icn of ilat-a characteri-stics until el{ecution
!i -f,IIiI C"

1" A''ìlocat-.io:l, celeti'lrn anrl rêììairiittg cf dara files"
B " )at ¿r interir i l,./ -ilr c¿tsc o f accid tnt-a l s,¡stelÌ or Ìrroqra m

-c^ ¡ r ,,-. ^td r t:J,r 3 0

'-)" Sup¡-;ort for fi ri;Cy v¿iliaJ;L,: aild uudef ined recold t1z¡res"

'1 C. ;lccess -Lo da+-a citqanízr- '1 into s.?'lucntia lu inili-:xetl , cr åirect
-+-ìr^i:)Ll ilu..llLCllo
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4, 1 Iii'iIlliliJCTÏ0¡l
prior to lire arlveni- i:f G*:ir)ralized ilat¡r Bese i'lanaqenent Syst'3nes

{GllBi.1S) r i-hc rl.:îiIlitj-or of d¿ri-a !"I¿ìs irrcliicle,l ås an inf-eg'al part of
i:ach proqï¿ìn. P:o<;ran:s 'd+i:,? Ìrcuit il io f.hcir t1 ata at. ccnpíle t-i me and a

charci.: to lhr: d,tl,a for.räa".:- causeri at leas+. a rècornpiLatioll of each

prcqltan reforenci-lrg tre daia. llo,st- GÐl3l'1S's prciii.'1: for f-he Cef-initìo¡l
cf. rlat¿:. to ì:e inorlt separa'uely'f¡:cm t-he ptogranr operat-ili¡ on the Ìata"
Thc. GDBt{S i:ì]ilrls a ñi rr:ctoi:y ',,,ri:i ch. ì,s used irith the proqram at

æx+ctition tine. In +,liis ?Ja'./ a chaûrjÊ in the Catal:,rse can be reflected
l-n t-'r:ì 1il.:ctot-v i;riiloirt à Lrccnpila'..icn cf any Droq!^em not dircct-ly
affecte¡ iry the clianqe" In inost syslems da+-a tlefinitj-on facilities
exist a*c ti¿o levels; thc ,lhysicaJ- J-eve1o tc f escribe tire actual
s+"ruct.-ure oi' th+ *litire il ¿rtaha.se; i-he j-oc1ical- lovel, io dr:scri'ne the

loqical vievr of i,he-- lat-abas¡: kncr:¡n to a F)artic'rlar run-ul-',ít, fn lhe

COLIÀSyL :;p,:cific¿tion ihe ,SC¡illlilr defines data ai: j.-he nhysical- l+vi:l
an,i ihrr ,SUil-SCilEl'1ir Cef ines rlat:r at I,he -LcaicaL leve'l " Ðäta Description
Lanqr.r3-q¡5 (DÐL qS) e¡ris;t a;c ,1 ef ine tirr: schema anrl sub-scheina" A DDt fcr
t-he sul:-scii,:n¿ i.s tc b,¿ ,f efllle 11 f or: êach proqraminititl lanqLraqe

sìlpportcd by th¡: GDlli,lS" À si;:qle ilÐl ccriLmoll t.c all u'ser:s is defineri
for *'hÊ Iãchanr a tlel-ilirticn.
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4"2 Va:-iai:iolls; boi:,rreíìzì tjre: SCilElir an,1 tire .SiJE-SCHIT''iiì

A si:b-schema nuíij- i:,: a consis'uent- a.ro lc<¡icaL:;ui¡set of lhe
sclìrt,r n,!r " 'llilc suit*sclietìà iicf i-riír-ir;n carr bc uscil :o cre¿ìtil Ììeu record
:;it-Lic*rurÊs i l, .-ire f ol icl¿iii.J i.Jays:

1" A-,- ti:e d¿ta-i-ien lct¡el-
(a) Dat.a ïtens nay be rieclared -,-o have rlifferent-

c h aracteri- s¡ics.
{b) Descri,oi.-iorr:; cf spcclÍic data items nay be omi:ted.
(c) Th+ or4crinc{ oi da"¡-a i'i-ens r'ritirin data ai;qreqates rùey be

chanq'ed"

2" At ihe dara- ¡Lqqrega'.s fsrrel
(a) lescri pi.ions of specj f ic C ata a'.{clrcqates nay }re oinitt-ed.
(h) The or.deritiq of Cata ¿-Ig(I:.cqaï.es may be,:hanqed"
(c) V*octor:; ney be redciine,l as nult-i-,11iaensional arrays"
{.J) Ðara i--e lits ol: data cLctclrÉ,rqat-îs nay be rsel ecte,i ¿rniì qiven a

qrouÐ nanc.

{c) iìrlrliticna I struct-rrre rnappi-nqs may h¡e p::ovi'1ed i}y t-he

faci.lities of a ?ari-.icrl'lar srrl,'-schema DllL"

3" Al ì: ire i{ìcorC I evel
(a) Descrip'-io;::; o: srec.ific r€corl types rnay be omi'tted'
{b) R.-:co¡ ci occur:r,3nce:r lnclurle d in spe cif ic are¿ls m.ay be

onit tcd o l,rjlile ot-lter cccilrrences of t.irat recor,l type arê
incl'rdeti "

4. A+" the set level
{,r) De::criprio::-; of sp:cific strt types may l-re cnitterl.
(b) Ðífferent set s¡:lection crit+ría nay b: specifierl"

5 " Ät j-he are¿ì I evel
(a) De scr j-p-.icns of speci iic alleas nay ba onitrecl"

6. Àf- a]I levels the sub-scirena a1l-ou's the dr:finition oi a

sylloll,'/m ivirich r;all b<': irse d in Pl ace of a scilena Cef ine 11 nan'¿ "



Ð r\Tr\il À lill rl ll:' L i'JIÌrI flìl
CÌlanier: 4

,DACE 45

4 " I ),rï-a I nC e pen il cnc(ì

Tir¡: sch¡:na an'1 silJr*scìr"irìa interiace ',u'i'"h each cth'=r such rhar:
1" An cì-.j'tct v,;,\rsicil cr t-lle sÐuiclì ccde schema may J:e compiled

inrirpenilcntJ-i,r ot- ân1z 1r.ser- Tlroqraïì or åny sili-.-:;crema"

?-" ûÌr-j ect versions cf. a sourc€ ccde sub-sch':tna nay ir+ ccm piled
-i;i'leÞ€rirlen:lv of any rrs.llr proqr¿lr, and .ito[c] in a llser or
sysrilm library.

3, An arl:ir-rary runLi,:r of srri:-schena may be d::clared on Lhe

:lasis of a gir¡en sclier¡ia.
4,'Ihe 11¡¡clarati-oir of a suh-schema ha.s no effect on t.he

ilecl aration cf l.ny o'.her sub-schema and sub-schema Ray

ct¡erlap on3 anctil+r,
5. liach sub-schr:na Íì ust ¡e nameC"

6" à,:ser pfogran invokcr.; its suir-schema"
1,1-ire saix-d:;uJ:-scher,:a ruay l-;r.l invoked. by an ¡rrb.it:ery nu¡rber of-

prograrns.

8" clì-y 
"h€ 

ar{ìaso recoL- 1s" ,la*-a ii:.enso and sets inclr:iied in the
sirb*schrm¡i ini¡oherl Ðy a pi_ogrànì may i:',1 i:eferencÊd by tliaj'
ilrog ltâ t[ 

"

rl , Sini:e sui;-sciiena àre lost- lalrguaqe ori,¡lt.ei a pro.Jran nilsl
:Levc.lçe d sub-:;cil+na co;rsist-ent wí'uh it-s sDurce l-an1uaqe"
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COI AS Y]-

DiiTå ÐIffl'lITIClì LÄäGUÀiiE ICn SCHEi'i,q

'l Ìie

'u¡ii.ich;

4" A" 1 5y::tarx Dôf inl-t-icn Tcr:ninolo¡ly

sy¡tar of r:he CCÐÀSYL schena co:isisis of four t-yOes csf ENTRY

l-¡lent if y thc schena (Schi:na Îl+ ry) "

ileli:re arûas (Ãrea Ent.:Y) "

lefine r'lcol,1s (ir.ecot,,1 Entry) "

Define sct-.s (Set EntrY) '
Cnl-y one Schema Errtry is ilef ine,1 wi*,hin each scÌleina. Cne ent-ry is

def ined for each erea o TÇccrrl. and set type, The entries nu:;t be

oric¡:eiI sr:ch t-irat ilef irì t. j on i1 ependezicies are ::esclved" Tie schena

Ên1-ry js first." 'l=o-llcw+C by ¿ìL-eao recc, lr-l ail.d, set entries" !'lo record
can bc 11 ef i ncri un-Li1 iis ¿ì.ssccì ¿rte':i aie a e ntries have been ,lecl aleil"
Simj-1alL./ no se.l- eni:ry carì ¿ìppea: rrntiL ail of f-he lleccrd t.ypes r.+irica

ate oi.Jne r anfl inr:nÌ-r?r'*.- iil tilr: Sr:T- þ¿r/€ appeared.

A n entry cc¡nsì sts of olc or Ìnore clauses l¡hich describe it:;
altril:ut-es, The Reccrrl l:ln*r-ry has a. Data Item sub-entry. The Set Entry

inay have i{enbe r su}:-entries" l{ol¡: t-ha:l one occurrence of a sui:-entry
nay ;ìppe¿ì.f v;ithin a sinql e e:i+-r.y. En+_ri es and sub-entries aie
tei:ni¡ia+-eC by â periorl" The no+,at.ion usotl in all fornats and +-he rul-es

wiricii apply to a ll f ormats are:
The elcmeni-s "n;jch nake np a c-La-use consi.st of upper-case'rioldso

Ior¡ler-case l,;,c::il-s o sÐecì aI symbois a¡r11 special characters'
lI¡-;per case v¡cr:ils wh'i ch are rìot unilerl-ine d ar.l optional vlorils and.

n,ee11 nor li:e:rsed"
Lo'¡er case 'u¡or-d:s aile qener-i-c te rms which nust be replace I by

ap pLOpriate Ìlrrti.les or 1'Ia 1u.t--ls.

the inea ni ni¡ r>f encl osì-ng .\ ¡rort- ion o f
::pecial svr¡bols i.s;

a general format i:l

iL
b
C+- -+

A c::1occr-li:r€nc;:s
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.t xe(;i-l-\i cIì.. cccuri-rlIìcc

t
C

ica:;t onc cccilrrcnce
:irost cne occul:f€rnce of a¿rch

rìn .:Ilip:ii:i {that is o | 
" .. ' ) indicate.s repctiiion is a1loweC"

porti on of f:he fornat '¡]i-icii nay be repe a'¿ed is Ce-r,erniri+cl by the
or 1 { ''¡}ii-cll focically Lnatches t-lie ? e Dr I { to the innediatr: Ieft
lLn ì fL lt c

CIIriiìi1a'fER SllT

'llhe char¿Lcrer sÉ:r cons'i :;'-s of 51 characte rs r+hich include letters
off-hea1p}rallc.,-udiqitsandsyrnooJ..s"Tltr:sym1roJ.s-<
fo:: fut-i¡r:e use" Tne spetj-al symbol-s aL'e + -'F u; " " { ) / $'

I^IONDS

À i¡ord. is a se q Lìrncc of not- mole f-iran -30 chai:acte::s" Iach
char;aci--€ï is select.e.d fron the s+it cî 1t+t-uets a¡r.,1 d.iqits and ihe
synhoL 2 -1 , 'Ihr: r-r sr¡nï-rol iÌ.1 y nol-- ailpear as the f i rst or las.Ì'
charact+i: csf a 'r¡otc.J."

RESJJI.IVTD 
"IO3DSRese::¡¡etl wr¡rd.s ;ìre ¿ list of 'n¡orCs which har¡e special

<iarril:ì¡;rir¡r: They may.SOt br: UsCil ¿lS USer-rlefine,l rr¡oft1.S" Ttre feSefVer:1,!,À!l¡r!

uorfl l-ist. is siven in.Àp.renrfix Ð"

l'1;1 Ii ES

A nane has t wo f c:- ns" À l¿orC he<l j-n:ring r¿ith .1 letter may be used

as .l rìatì-]" An escap€: fo::ni ¡rr:ovirt es thal- any sÌ,rinq ire a r,rord if it is
errclo;;ed ,¡ithin lir¡.: curlrency s;ymÌroI t$t. The string nay inclu,l: the
c'trl]eìlcy 5,¡¡n.bol- il j:hr: 4 l1 appraars t.'n;ic.: l-Il succÉìssion"

Lf Til t;1LS

cr l-

G r.-

The
11

of

ii tj-tr*ra1 :.s a stri¡icJ <;i- characT-e¡s IJlìos+ r¡alue is irnplied bV the
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o¡.Cer:d ;;et of cl.o¿iracter-fl ¡r r.lhich ihe l-ii,:eral- i:; compo"se 11 . .llverV

1ir:ra1 i¡r.:-ioi-ii; s to one o,f tvro type::, iìuneric antl, Iìolitìum:ric"

¡]O¡I }Ii] i..J ]JT IC -I T ER ALS

À n()r)nunte¡:ic literal- is e sirirtg of a:iy a1-r c,¿rairI-^ charac+-r:rs in
the computêr1s characrer s;ei, of any lengtho 11 :linited by qrrotation
rna::ks;. Tire itruot-a'r-j-c.n nark- nay l¡e includerl j-f it is ''¡ritten +,-'uric¡

ccrìsecrrtì vel y f or each of it-s; occurrences" Emberided blanks are
considereil to ì-¡e par-r- of t,re ni)rìLurneric literaI"

l¡Ui{EÂfC tiTEiìÀLS
À nuineric liLer;¡l is def inecl as a st:ring of di gir-s, the symbols

r+e anrì ?-1 and ?" { al,1 thç character 1ll 3" Numer-ic litei:a']-s nay be

'orrit-l--i:n a.s fixed-¡rcint or fl.r;l::lìiJ point deciinal"

CCi{i'lIÌNTS

Ccrnmr:nt-s nìay app':ar anyuller:e that- spac€s nay b,¿ used as â

rlelimi-"er a*cl are .lelirnited ì:y 1/+4 1t'í//1 pair.s"

P UNCT IJ AT IÛ N

Tlre f,c1l-olu'inc- pr-irrcl:irat-ion cirarac*,ers a.re used:
One or ilìore consecutive spacel;o l"hen nc'L ccntaineil in a conment

or d+linii+-ed s'trinqo is a se,'arator.
Tlie crnma is used as a siparator.
Thc s':rni-coicrr inåy bc usri-L to seÌ)ar--ate clar¡ses.
The pe::io11 j-s dr:lirrl ítcr f cr a n ent ry or sitl¡ elr-ry an.1 is

r-¡rtì i rêÄ

Ð A.T i1-iì AS E - lA'T lì- N it i'l ES

iì 11 ara-hasc'-daia-nene nay nr:t l:e -sithscripte',1 or qualifj-ed unless
-.^..^j €.i^-r 1,,È¡,q:,,! LrLJaray perinit-*ucd ily r-hE lr:.1-e' s of f-he f crmat" in ,+hich lt appear.sã

Ð AT ¡,-]] À S T_ IÐ A }; Tf FI tsË.,S
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;l ri¡j:a-hase-irie t,¡ii'r L:r li âtr be Ìrol-lr gr:aJ-ifie'i and subscriptel or
eit.her cualLifieri or sui:scrlni-ei"

0lliìLïiICÀTil¡;
I"lhi+r::: the sarìi€ r'iata-base-data-ììarrÌe is deciarerl in more than one

rl¡c.r:',1 Irnt¡-r¡n its u.se as a dai:a-base-idenf-ifier tnay ilâve to be!r!¡¡"!lt

qualifi¡:d to achíeve uniqrÌcrìess, Synt-ax rules specify ,¡hen

-.,^ 1 .i :i ^^a ; ^..rìucL!!ruq¡-aurr.may Lle n3cÊsiìaÌly. i, tìlr9 can-re qualifiei ':,¡en t-hotigh it
rloes not neeil qual-ificai:ion.

SUBSCRIPTTJlG

SrrÌrscrì-¡:t.s can be use'l onir¡ r¡hi.;n reference is made to a dara itenr
i¡ithin a data agqrirqate. Thr: sub.script n ust be arr inteqer.

T¡e ran{Jâ of Or.rnis:;ibie 5r1þ5s¡i pt valr:.s i s 1 lo the inaxiinum

nu;ll:r:r oÍ- occurrelìc.Js specified in f,he OCCUiìS clausc. Sr.rbscri-pis are
wri r-t,: n ín order of -cu.cessivel v ]€ss inclus;ive tl iirensrons of the rlata
orsan izai icn "

FOII iliAril

Tire folmal of a ûata-i-..ìse-j,1r.:ntifier iil the DDt for the schema

is: +- .-+ +- -+rj,at-a-ba.se-rlata-nainê | inle,.¡cr I I fN record-naiìtÐ |ï'- '-+ +- -+
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Each Í;cil itìna

is ui;eil 1:o finC
chjr:çt r¡ellsion of
belor.¡ "

sc;ll1i'i A NAr'1ll is
+-

{n()ljtl r-,t trrLl.ìDlli5 t-q

i-"he l-,3cci'.ls in tire:

l-he sciiella" The s\rata

qì-Ven a ¡¡rL¡llÊ

sclìena rlaïabase
x of the Schena

PÀGE 50

name" This nane

^,rñi¡'inin,r *-^uvliL..arlr!¡¡Y ui[Ç

Er:t ¡'v i s rri rrg¡1ur¡ ç! I Y! r !

DEI¡I\TTIiJ¡'i

schena-na,n..l
+-

; PIìIV ÀCY LOCK Fri 3
(lit-era1- 1IS (lock-nane-1
<!F0CEDURE {-b-¡rrDC-

î-

(l-i*-eral- 2 >(lock-name-2
< PROCEDIJü E C- b- i¡r ac-2>

I
-+

-+

The schen¿ji rlat,e.base j,s secitferl ¡gainrst unaut-iror-ize,1 access ihrout¡ir l:he

use o¡ PBIV,\CY LCICKS. Àcc";:;s.:al] ire re.strict€cl for any or ali of t-he

f¡ncticns ALTER" COPY ÐiSllLAY an,f tOCKS. ,4ltei: acc?sis pormits lhe
urorlificalion of the schena '¡i-+.i'i che JXCeption of t-he privacy loclç

clauses" Copy ís ilser'l in thc sr-rÌ;-schema rlefiniticn lo copy portion:; of
tire schena inio the suir-:schena ,ii:fj-nitic':1, ìlísçIay per¡nirs the t¡ievlínq
,..r: tile :ìciìrna i¡ith ti^.?'J:(crption of the prìvacy locks" Locks perni:s
tiin ,¡ie',¡iilqo cr(ìatir,q " cr chanqi::rg of privacy l-ock cLairses tl:rouqhout
t-he schema "

¡lhen a sch.crila is refer€nce:d. th,: GDBi"lS mat-ches the contents of
lock-naiììes anrl li i.erals ¿¡nd initia tes t-he privacy procerlurei; to
ij:+-ermine ricriLt of access. Privacy ìrrocç,iurcs ::elurn a yes/no acccss
inrlicaJ:or, Li-t.ara1s, lock-:lcrutes and rlata-base-proccdures may appear in
fiìcre 

"han 
one prir,racv clause" iiÌìân the privacy FCil optiott is ontitted

al-1 ill-ivacy prùc;:Cu¡esn 1i+-erals antl I cck-neme.s apply to all
funct-íons. If no pririacr¡ i-.; -.ìjecified fr¡r a function ti:en us€ of that
oi;erat icn j-s unt:estrict.ed -

1>

LCCKS
DIS?IÀY
COPY
À T,T ER

nç
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Tne u¡iÌ_ Cf ¡:ri-ernal St_ct'a,.le allcC¿'!l-., 10n

to aìì ils ]â-,¡1s.t) is thc Àl;lA,

t: H\r L

ior +-héj,latar.¡ase (equivaiÊnl

.ll

r\Rljii :ìÀiiIl is ârÊ-â-nerrê-1

Àn arêã is i-liat portion of l.Ïre datai:ase cont-ai ninq all rccords
having d ranq= of ,latabas+ keys, Tach area defi;rcd. within a r-laiai:ase

is n nì-que 1v na meri.

Th+ physical plac+i¡rcnt of an ar€å i.s hanCleil throrrqh the use of
^--^*-'+':-- '"stem ciata mana:jârnerì+" facílities" The use of. areas allowsU lrELiI L l'jl.q J y i

the Ilat-a llâs-- /\11 ministratr:r to ccntrc'1 placenent cf riata as a nìeans cf.
cptimizing per-fornancÈ. This t-acil:-tates the allocaticn of areas to
of f 1j ile stoiage if thr: recoril .s vritllin an area are not al'øays reqr¡ired"
Areas 'rrill be srjper-e tc.-1 +-o mi:li-r,ize con+-ênticn probl',:ns cn secondary
StOfag,:,1 r:rti-ceS"

L::eas may be tcnporary (ie all,oc¿rred f or the d rrration of the
r¡r n -lr rr i : I!¡¡]:çJ ^f 

tìalr'ñâ n on Jc
t,!. r rilr¿

+- -+
| ; å311r\ IS TEllPoRÅRY I+- -+

'lennorary âr6:ìâs belcnq tc t.he rrtn-uni1-, uhich allocates tirem" Tirey

are deleterl on tei:inination of l-he run-unit-, Concurrenl access to
tenoorary ¿i.rees is nr:t. supporteC. F€cord occurrences in a tenpcrary
are3. .:årìnr'¡-r oari-ici-oatc, ei*"1ì.-r as c!¡lìef of mÈmhef recofrls, in
occurlri:ncer; oll s¡¿ts ;¿hich cont¿rÍn recorCs t.hat ero n,:l in t"erTìporarl¡

areas" llhis ¡:revenis s€+" paths -iron beinq built uhich'øill have

rìiscontinuities i"¡her t-he iËnporary area i,s deleLed" Teinporary areas
:""-^ - ''*r : "" i:ion a:ì i:ork 1;caJ f or pi:oìucticn Drc,lraas, Their prinaryltaiV'j ,aJf, Ilt.d

usÊ is as lhe area ass-i-<;n:.1 to a noir-prccedural u.ser:qho works fron a

terininal ancl d+f ine s a t:mporary f j- ie t,c prcrlucu: a report or sone
slat-istic:s " All ocatl ng teinporary are as €nsutres t-hat spece çi1l not be

re*,ai-ne d ior 
"hc. 

storace of 'lseLess riata " f t also rrllous the GDBl,lS anil
ônsr.l+1:l¡f Sv:;tcn cl¿tt n,l-:ìactcnenl-- rouiines tc Flace the ir.r3âs

rj_ytrai¡ica1l1,/ cn '¡çi;tnÊs rihcse f:rese nl u,se coLt:ìt i,s 1cl.¡"
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r OCK t:oF

iìETIìTRVAi,

Ü PD ÀTE

1^ sììrncor.t--f i1t1 C-2
+-

Th¿ P-¡.IVÄCY LOCK ciaì:ìcs 1p.Ðly as in the Schetna Elttry w

sp¡cificd type of acce ss is requasterl"
Suppoft-functions are parts of the GDBiIS anrl incl-ud

i-unciic¡s as loadiitc;u copyini¡y pâtchinq and rlrrmoirq part

'latabase" !lhe availabititv of. th¡":se functions in the GÐiil)iS

*1 ynarilic u¿ri-ntelìancÊ to t¡rke pl ace oil stlbse+.s of t-he rla

Controi-lr:11 acces:i e nsures -'hai a minim.irin disrupti cn to no::inal

wrll b'. exce-1:ícnced ìiv reqrrlai rr,sers"

PAG irl 52

hen -uhe

e such

of lhe
a lloi+s

!-.:--^^
Lû,ri.:1.5.ii o

service

û aì-

+- -+
I r:l{CLils IV: I

,lirirc'i:uTi;rt) |+- -++- -+
I E]{CLUS IV ]] I

i ploircrrn 
i+- -+

su pport-- f r.t

.DPiITA'V
0¡_:.,:Y¿1v_

-+
+-

<I]PIATE
< 1] ET R I E V Il L > > " .

ct{ OP X i\l

+*

CLOSE
+-

-+
CALt clata-base-proce dure-3 | .. "-+

The C'l,l c lause is userr' t-o il.rovì,le usarle coltrcl over an â-rea. ¡lh=n

an ÀllEii j-n oPENed cr cLosltd. -"hc procelrrre specifi+d is execut':d. The

procr.,J uLe is pa:;seil â. ccri nianrl co'1e ancl r*-:trit¡ls an EFRoR-STATU.S " The

coti llan,;i <--oi1e ..;pecifies -uite t-ype of access ri?qLies+,ed" A non zerö
*t.i:or-:;lalu"E rn,Ìic¿rles that ,rnct-he:: run- unit- has cc:rtrcl of tÌre area

in a ria?ìne r vrhich p::'eciucles colli-rol as requesterl in tne o-n clause"
Thi¡; cl-ause is irscrL to inainÈairr intecr-i-ty ovêr an area w:len a run-irnit
is tr.-3 nnC,rt.e recorrls in t-he ai,.fa,

r/ ,/\\//\\¿/ ,/\\
rio 3<

NXC].I;SiV]Ipiìt'ritcTrr
i{CÌi-TXCLUSII/]I

EXCLUS I VX
PN OTECiIEJ)
t{c t't-81{cLU^5T\rE

>l
>l
>l
>l
>l
>l
>l

if rlilji¡j or C],0Si] is ¡lct spccifie,l t_ho prccedirre r¡:r--s control_
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ilitËìnev,1: i-he Ìtun.-ilriir is:;u<ls arì open or close" If íIPEN is speci-fied
anri r-he IC1ì op'rictll is nci. qiveno t-he prùcerluie is execr:led vl'renever

t:re iun-uni-' issues ¿in CPEÌ.'i to the ar€iì " Tf i-he FilR opt-iorr is slaterì.o

l;:i-rt neither 'LiPN¡, IE or lìITRTllt/11 L is .-qÐ'ìci.ii¿rj , then t-he proced.ilr-' is
execut.:i wh,:¡lever' 'rhe run-un'i t- issue.s t-he speci-f ier1 type of open,

ilhetirer f or update Ðr retrj-et'a-'l " Iihen iIPDATE or RETIìIïIVAL are
s;pecì-lied tit-ii llo i1 uall Fis:rs then the pro(l:rlure is executeil when an

oìrerì. i.s issuerl for up'iate or ::et-ricval" !{hen the FCR option is us'.:d

and ¡.¡rtli+r/or UPDÀTE and RITnIIII/Ài are use.d brrt only -qollc of the

Aualifier i'¡olds aro <¡iveno then t.he qualifiers apply only lo the
cl-osesâ nse of UPDÀTE or RETnIIVIì]". For exanple FDR EXCLUSIVE

RETrìÍllVAi, ilPDAilE is equi-valent. t,o rrOl IIpDÀTE EXCtISIVE IìETrìInVAt.

Since cpenin.¡ al au.ia llor exclrrsive contr-:ol ¡reclu,1 es the use ci-

tliet er-ña iry antrtht-r ìrsÊro ii- is; criticai t-nat the Da*ua Ïlase

Àdnin istrai-,¡r (DLf A) eììsltltc lh¡rt- t-he run*unii reqr:est¡; onlr¡ +-Ìra I evel
oi ccn*,-ro1. lcguir:ed by its prcce ssinq" Usaqo -statì s!ui cs shouiii be

coliect-e<j. uì:ich incj.icr'r€ the tync cf acc{ìss r:oqu€stc,i"'Ihe.'¡e uitl
a1l-o:,¡ the Ðillì r-o iavest.j c;ate unautho::ize 11 excl¡lsive cr prot-ecled

cont-i-cl-. Crtni-::oIlr,¡C acc:lss ensnre:; that a ninimuin rlisriipticn io nolmal
servicr+ r'¡i1l- ile expcr-j,eür:eal by ieqular users"
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lì record tyF; is iì:t^jfi-¡rìCr1 a nanc ttniquê tc t-h'e.-scheniì" The::ecorrl
*,jl€ illltfl S un:ri of logj-ca'l scCrl::is',¡i.i-ir:-l', 

"it€ 
da--aÌ:,r."se, Each reco::d

as;:;åqne,1 a tìIìir.i ui: ij¡.:t.abase liey at loa11 ti nie.

RiiCOiìÐ NhliIì IS ll.ìcorl-natle-'j

tfhÊr di:tahase key is sç]r;sfc,d frorn f-lrose available to the area rn

'*rh', ch tjrt: recorri çi1l be :;tore d. Datal-'ese key r¡alues rlmaín inva:iant
f<;r thå record. un+-i-ì the r+cord is::emoved fron the datairase, Cnly

then can ',he GDìli'iS r€as,si-qn the da+-abase key Lc a neiJ record" Each

¡lata i-ten alrj 'iat.a iìqqreqate is ioqicaliy asscciateâ uilh a record
t r¡Ðe"

+-
I

| ; L0CÄiICÌ.1
I

+-
+- -++* -+

¡ u rì-ì"r-id¿:r*-- ì | " " "

.t

< VIA

Jr-

nillrriill'TE,'i Aiì

sÉit-rìam e- 1 SET

*+
+- -+li ; lr0Tl åI-ti);iìlÐ
+- -+

Ta= LCCÀTIO,\ ciause prorri de:; the GDDMS r,¡it-Ìr e reccrC ret'ríer¡al-

net hod .

Thiee access moile:; ait{J 11i:fined. DIRECT accessiìg irnpLies that the

¿ataì:a.se iicy of tlie record ís availal¡le r¡hen a reqrlest is nale to

rlrt rie vc iire recoi:d "

CALC accessi ng uses ir ire y i:rarìsrormai-.ion proc€dure to calculate
the rlatabas+ key. The prcc€åure j-s supplierl lly the GDBi'l'S oll cpti onaIly
lsy the il.ser.. ¡\ parantei:er 1r-si:, of id.cntifiers frcn which to cal-culate

thc kÊy is sup.clier-l as alqunent. to t.he procedilr+" The DUPLICÀTES

Çlausç: v.rhich must be st-ateri. Lrheti iCCATION iiûllE IS C,\LC is use'l u TQfors

t-o the C.\LC keys" I¡ the ÐUpLICÀTES ARE |lû? ÀLtCIdED clairse ì s

sp+ciiie, å nù ¿r,lrji'i-l-oltaf occilrrence of ti¡is r:ecord iype r,lil1 be alloued
r-o exist ii- all of its CA,LC kerys arÊ iilentical to those of an

occurltencc alr-eady il; tÌre .sai'le aree " li his avcirls stori-nq reccrd.s ltirich

can n*Jvcr- b,: retrievcilo since iile ca'lculation ui11 alr'lays ieturn i.?:e

a.rlil;;.i:,rs oi tlie fil'si r-ecortl .
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aÇ:cess:.iìq r-mpli::; :hat rhc rc:coril.
¡1, The SET SELICTIfIU cIa¡rse def:.ni:d
in"icr ¡¡¿+-i ç¡¡ oil hcL' to se-"1-ecj- ihe

P åG -1 5l)

can be retrieve'l fron the
ir' th* SéJt J.,-nt,r y pro viCe:s

correct occurrence of t-he

Y"IA

\l,'ì /TIItì
'!:{.-

f rrrt he ::
qn*

; i,ii T:ìi l,i are a-na¡iie- 1

t-

| (o arca -ììarìr :-2). " . tR E,\- ID IS 'lata-iras e-tlet¿r-narne- 1 I+- -;

1ì r,:corcl occLlrrênce in the 1,',lITIlIN clause
partic:tlef efÉla" Reccr,l occurrances r[ay be st-cred in

l-s :¡c.:i,r¡ra¡rl fn :,lJÐI V ¡lc .¡ r-U d

qi n¡¡1o âr5â ^r

it"l cne cf list of alreas" In r-he second case tìre st-orage area is
r1a'rcrinined dyuanically îy 'rhe run-uniL at execution time, Record
occurlenc¡,1 :l of ¡ì p¿tr.Licr:la-r-= ri:cori1 tyDe nay be store'1 in different
a]]e¡ìs, lihis provirJ.es '.hrÌ riscr sitir ccn+e):ol over placemcn*ç of recr:rils;
t-o optit¡.:-ze rei r j-c',¡af " i\ typ j-cal Lìse of rhis f eature c.Jncenrraces the
sioraqe of i:eccr,-l .s iii a set occrrlrence,

+-
| . "tìf¡ t \/ !
+-

INSNRT
R EIlIOVE
STOiì E
ÐELETE
D]]LET f;
ÐELETE
Ð EtET E
i:l OD I l'i'
F Il\1I)
GNT

ON LY
STLI-ICTfVE
AII

C¡\LL data-l:r¡s

-+

')-nrn¡a lrr---lÌ
'.1]-L|.69 *+
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+-
I ?llI vttLrï i,0cK
+-

I;i

ï i,i,s l1 Ê ?
rl Ei1 C r.r irl
STORE
Lr E i, ji _r-'n

DSi,ETT
D i:L IT i:-

]) EiET E
IiODI]IY
FIÌ'IÐ
nrmui; L

-+
A+.1-i as ..- nrrìr-cdilr t- 1 )l'! \ v

:o iì CìiiY
5i']-¡CTIVE
ii LL

+-

<PROCFDL'lì E ri(lit.era l* i(lcck-namÊ- i
-+

< pROC EÐUiì li da t a-i;asr-Ðrccedrrrc- 2)(l-iteral-2
( I ocli -na m r:- 2

Access tc record s is coIli rcrl"le C tbrough t-he PRT\rACY and ON

cleusös. In i¡idiLicn lh¡: oN cl euse specif ies the rypo of acce ss that-
the L-1.lll-itil'i t rcquíresì" Cont::c¡1 of accesiì at this l-È¡¡et provirles i'ecord
levi:1 snquilur,.i ilq as opposr.i. --o t-lle area level. eaqrrcueing le iine:l in
ihe ai:i:a,:n{;ry On ci.ius.ì, .Sin,r1-uanêous accÊsis to a ierorrl r'¡hich inay be

ilor,li-fie;1 ìs cûiìî-rol-iecl bl,/ l--he dl'uabase prcc€d.ure, The GDllllS p::ovicles
¡'ì¡i-r into'r-il,y t.lirou,lh a facility kloi,¡¡l as monitorinq" The culrent.¿r¡L.- JI!

lecc¡:C. oi- tÌret rut.ì-ullii ls al-r¡ays iri monitore.tl or exten,ie,l mcnitored
nodê" ìlo oi-"her ir:cclc'l kno"tû t-,n -,,hÈ rìrn-unit can be in nonitored mori.e,

11 onit'¡::eC mode is ¿:staL'.1-i.si:rlr-l aijt-onatically ililen a record. becones
citrrefiì- of ¡ulr-l:¡rij:. A record rt:nains in inonitcl-1ld node until it
ceases tc be tlre currerit recorC of a rul-unit or a REl"l CNITOR is
cxecut-;¡d foi' th¡: reccr-rL. À rÊcord is placed in extei:ded monitor mo,1 e
].,, ,. ! .i 

^ ,.Ðy exiJCu-t-.t-(.)tr oî a tiJiEP. This alIows; any nunì:er of records tc be
ccll-Lrol1td i:Y lhl fun-unít" ff a rccorC in incnitci:e.l mo',1e or ex+-enderl
mcni ior norl+ is chan,..Jed in aiìJ/ uay the G¡ili'lS Cetermines 'y¡hether the
tec/Jril Llas l,.een rn<1,1 i f ird by a cc)ncurrei:tl y ¿x€cu rinq run-unit" If the
::ecord lias ncl been colrcrlrr:n ì:ly mocii f ie cl the chanq,.l is executed u

ot-heritise ¿ì.n error :r'iatus coiLe is returneiL to the run-unit anci ihe
^l--,--" - :.- -^;cll,:ltl{Jrl is ilo*u rLol-.,":" fhc run-unit mr:si- GIT the::ecord aqlirt àììd reapply
-uhrr: ciranqe,

+--
t
,

lû3
I+-
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D.ìt-e it.ens ,fíìrl Cata
rr.-re reüord tYìre :ìilÊcified
iit ?1 Ðaia .Srr1¡-EntirY.

<tsi1iÀiì:i
<DECIi{Aí,>
< l-TYnD >
< rLoÀil >
<R EÀL
< CO i{ PL EX>

¿.r j qreqet,Ês ¡¡þich

Ll tJir Prectc:.1 itt'l
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arÈ defiiled to be oallt of

Recori Ent.rY are def.ì-ned-

+- -+
j .i,,1v,:i* 

ll uüi 1l.l {
, 

-IT_

Thr? ,lata.-ilase-cata-naile ¡t:;siqnerl to each data ii-em anrl d¿rta

agc;regate iftLlst i¡e utti-r¡ue -vriihllt the Iecord iype" À level nunber maY be

assi i1¡€,rl fO ea.h 11 ata-base-i1 ala-üame to def j-ne intra-recorrl structure"

The l.¿ve ls rÊpresetìt noile leve l,s in the hierarchical int'ra-recortl

;) t,.L Ul- L U! - Ð

.-+
?l
-+

+-
t.DTf-r¡fi.QË Tq
ì, 

j.!v

I+-

<1
/l\l
/r\l
<l
<. I+- <i

¡(i .T'/IJc Tq )+- (,

-+
rr (c:r'ìracr-Ëì:-Gt ï ì-lì g-pictrrl:rj-F¡e ci f ication)rr !

(nltnor i,:- ì;lc*, itrr)-spl c-l- llcai-1 oll ' _I

+*
I inLeq+r-
+-

+- -+-+ll"integei:-21 |

-+-+

<RIT > +-
< CH AR À Cä fl1ì > | j- n ':êq'3r-+-
TÀTASASE-KEY
i,¡pienentor-t ypc

Tire PiCTiJBE and TYPE clatrses rlef i ne t'he ini-e::na1 st-orage type of

+-he ,laia j te m anC scalini¡, node ¡lnd decinal aliqnment" The PICTURE

clau::t: cont-a-i ¡ls e s.jguence fror, t-he se r, of cìlaraciers !r .1 2 3 I v P o

A ï :j T x + - r' pius a ¡spc,"i+,-icn factor of the fo nît{n)charactef'ro

to 1:ric.uorially des¡;::ibe Lhc l-ornat of â ¿ata 1t'::n. A iiala i-r-ên q'lt'J

+uVûe si-rín,J cr arit.hmetic froir l.-lle ocCUilaenCe cf thesr: Ciraracters' Ihe

T-\.fPï clause wh,¡n use rl in con junction wilh the PICTUiIE clause ¡rrovì Jes

for tii¡: stcrailr: of ih¡: d.ata 1+-en value in a fcrm oti'rer'uhan charact'er"

vatiLl L1â+.-â t-vpes ¿ille IiTED iill\lAR'I or ÐECIl'.lAt antl FLCÀT llI;'IARY or

ÐnCI11ÀL f or ari t-hme-r.ic il;:t-a iteins and strj-nq tyi)es CII;\RACTEII or Bllt"
,ihe Tl{pI clause rshçn r.lseil'¡it-hcrtt t.he PICTii-RE can ilefine e uide
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vari ê.-Y ,.rf aiitliinet ic ani-l s;::in.¡ t_!-pe rjata ijtoracj3 foi--rnats. lr:r
ari.-.,1:nietic tiara '¡yp<,s tsIN;ìlìY oi DüCIi'l:\i for Fil{n), FLOÀTIl'JGr rÌ11ÀL ;rnd

Cíl l'1 liIl{ nitrnirrìf s ììíìy bt: ilef i lir:d . lor s+.ri-nq u 3T T ¿rnC CiirtRrlCTEiì t-yp::s
tìrrr.! be iiirf i;ierl" f ntr:qei._-1 and i nt¡:qer-2 âr:e Lrsrlrl to spccif y precis.icn
anri scalc cf ariii'ime,-,jc i-t-l:ils and f-lle 1e;iqtÌr of strinq-t-yo,: iLen:s" A

specÍa I inplcrnenloi iìefined r1a:-¿r iype IlÄT,1iiASE KET is deiinei to hold
t-h<i ¡1 at.aliasc key.¡a1rl 3" This,1 aia it-em has special neaning and a åata
iLcn '.¡íÌir tÌris -1 1¡l)1 r--ai:not ¡rariiciÐatl in arithnetic cpei'atiors or
coinperi soli:; +:xcept f or e,:ual--r-t-y r.litÌ: other data iterns of th+ same

t-ype. The f inal da ta type is a potpourri. Any ilata t-ype the
; -^r'-¡ra¡àn- îares to <iefine ir,ay bç rleclareC, Norinallv tLata types wil-I!rr!frI''-irltulli-u! (

l:e Cefinerl for vaiues such as ÐATll an,l Til'li'I. Tiris,ÐroviCcs a facility
t-o have tlit- D,1 T11 cTr Tf l{X ¡e¿r;::re d e:; t-he r¡al-ue of a i1 .rta i ti-.n,
Aclr"li+-ic:ra L -Lyp=s l.¡'i l.i l:e pe cu,ì-iar to aFr;licat-ions" Às atì eranple a

data iicn nay ÐÊ Cefinerl t-o Ì-i3ve f-ype CURREIIT-PRTCIi-OF-i"Jl-lEÀTo in an

aprr1i,:-'aLir)ii i*herc' iiiis ,is ¿i r:seful r¡alue.

îõccuss (inter¡er-r{
I <,j¿Lta-Ïras€'-
+-

/
ide nt-if i,:::- 1)

-+1.T¡1ï?qi

I

-+

Thc OCC|JRS clause i:; uscd to de tine e vect cr or repeating-qroup
of fixeri or variai:le úi¡:ension. Data-Ì:ase-iSentifier-1 nust be a

riata-ir-en in the recorl ,lesclibei by *"he cJrresponilinq Record Ertry" A

r'êr'ìåâf ìn¡-.'rr n,tp irìAy bt: deiitreil a.S an aLte;:natiVe tC d::fj_ning a .ne!/j¡ " -

recor^,1 typi: an'f a se l type T bicì: co;:t-ains ih.-' recorC as memher"
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,rhe ACIIIJlIL/V-rSTIlAL l:lllslJtll claLìse specifies a pì:oceilLlre to be

execut€:d f-o ol:rain +.he dat¿i. i-te', n va1 ue. À dat-a if-ern def ine'l "¡ii:h 
+-he

i.-¡ì rT 
^ 

: l) l¡q rTT m
ll U.l 'J Ll .r ll

¡l r rt q¡ I (ì physical ly inc luded l-n the reccr'1'

Data-llar;c-ProceduL-o- 1 is invokcil to uprìate t-he data iten tdilenever any

rla-La li:CtiìS or nerlLre,':: rÛr:ciúS a'Ï set--naIrìe-1 are altered in any Hay

TJhicha.iirütsii',irrcsult"åCai:ai-ten¡lciinec-lr¿ìth+-ireVIiìTUALRES'JLT
is iiot- physrr,:aJ-I y inclu¡ierl :-l'l iilc t':coIc'l ' Datil-basë-proc"dure-1 is

inr¡oked :,¡hel a l:c,'iuest fc:: a vi-llr-ual ::esÌl 1t dal:a iten j-s recêive''1 '

Actìial- resirlt, ilata i'u*l{l:ì ;Lre useful ¡¡.s t'ot-a1 '1ata items" They lìay

cont-ain i-hr.: r-eslll.L cf an aIi.;iln..:t-ic fi'rnciic;n eXeCut¡il on SeVeral other

riar_a it-en,:; l-n the, lat-a ba:;e" ilh+n re f Ê:Ênced- the result oJ- thr: f rrnction

is ir'¡ nc,irat-e l y avail- able. I''lhen tire result l-s verv rlynamic or seldcín

re,lr.iesteil i" inay l:E StofÈd ¿rs \ÍIlì'IIJAL tO save SpAC'J or r'rainlenance

time" rir this cas-r t-iie procecurc ïìtl:ì*'-.be execut€d beiore tne data rtern

can be rei.urned" 'iihen var)/ iepi o resporlse tc a reguest for t-he data

i te n is riô-u essential resu-l-t- i1.rt-¿r it-ens should be lef ine'f, as virtuar"

+-
Ii.rrI t ---'

I+-

< ÀCT UAL¿"--- - > souRCE rs ,l-ir-iilent---l
<VTITUÀL>

OF Ch¡NH8 Ol- sÐ¿-na¿te-1

lfhi: i\cTilÃL/viiiTUÀL SLìLl?cjl clause spÊcifies rh:: oriqin oi the

coiì*L(-lnts of. ;1 d¿rt.¿r iï.em anrl '*'irr:the:: oî not t-hai data item is to eKis+'

physi c;rlly r+j-t-hin the tlata b¿rse" A data j-tem def inccl to i¡e actttal

'SoiirCeispirysicall}.ilicllirj':dilttheiiem.berrecoril"l]ÌleGDBi'isis
resÐon:¡ible for ke¡:nitrq thl vallies of the ila+'â item Èqual to the value

ai Ìatal¡as4)*ic*nlif ie r-4, T]:¡ cLause is '¡sec .Lo store cata ì tens
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pi-1 1'si.caliy i-er'luuilaritly. nhis can *xpe,.1 iT-e t.hi: r:iri'¡val f¡:nctíon at

the ?xIJÈnse cf r.,.:il,:nÍant s-i-oraqir ail,:l maii-:.'ì:enance. A sinqle logi-ca1

¡r;rìat+ to alt'y' of tls ¿ìc'Luíi.l- iÌa]-,a jï-rinis causes 3lI d¿t-a items to be

undate,l" Tj:r¡ r¡iil.r:al, sôitrce data j-ten is rct- physic;rily inclu,ì:i in
tire ilenbel r*co:-11, T: n,: ilD3l'1 S iet.ricve:s t-i.:c dà+'â it+rn frcn the recorrl
;-n uhi ch it is stoi:e ,1 o: r3ar-r-ìll,s a i irpl-ernentatcr ;1 ef in:d nulI value if
i¡1e recoi:11 occt-ri-'rrirìüc ccnt¿inirri¡ dat a-base-j-Cenf-if ier*4 rioes not
exisr.
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Thc 3T,iCOÐTllG/ ÐtCODI¡l(l cl ause is used t-c ca'JSC ,lata it.ens to be

coiiveL'*€C accorrlínq to t-hc-: ru'lcs cf ilata-base-procedu.re-4" This
fe-cili-'y is rtsed xiicn non- st-antlarC d.at-a ccnvctsicns are to be

exÊci1+-€i. it ãl-sc cíÌD ]¡e use'c1 +.o trncrfpt'iata ei*-her for s.rcrrrity or
¡l a i e ¡n nrnraq q j.--.. r- -._.".ron puLposoS"

-í'HlaK Tq - 1 TiJRU lii:e ra\-2
+- - +

¡l-ir-narne-'1 |'ì-h-i,l¡nf-1 i| | r . ,, ¿6 o+- -+

Th¿: CIIECI{ cieusËr is uscd -uo in}riÌ;it oata ccnvecsion ol: to cause

'¡aliCi'i-y chÊckínq ci ilie r1 at;r i-ten valì.rc. h'h¡ìn a dirra il--r:m value is
lf-r-orÊC il can l¡e cileckeil fci l-eascnableness. The value can be che<;ked

to ensure that. the '¡alue sa-r.isf ies the constrai nts Õf its ?ICTIiRE

riefinrtrcn, The GÐIJirlS can r¡s¡ify tha'i. t-he ¡,¡alue lies between 4 RANGE

af tvo values" T'rie GDîl11 S can c.ri'l a usê¡:;uppli-e11 proceCure l-o verify
+uhe value u:;inc¡ a list of cther values in ih*- reccr-11 "

PIC?iJi"r lI
ilÀ¡;;li 0F 1it-era.1
rl-b- prcc- 'l lJ S il.f {;

+-
I "fl\l
+-

I S l'Oiì rl
¡ n¡mI \'1--
li{oDIFY

-+
II Ci\LL da"a- ba:i+r- proce û ure- 1

i
-+

*+

+- -+
. ;,.'-1 I ì-'.-i ìr:rr'r-?lr:s.t-tø.r

)î* --I
-+ |_l

-+

U,)ll\'j 1*b*i
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Il l\:: -l 1 ¿

+-
< iii oc¡ !r,ìR It 1- b- proc- 1>

iS <literal-3 >(lock-naiÌìe- 1 >
+- -+

-+
< lllìOüIDiJil i il- h-proc-

Olì (l-rreral-2
(Ioci<-:reni'- 7

+- -+
-+

The PIìIVÀCY ald )l¡i c'l ause:; provicle functicnal control of accèss

at. i- he iaia it=ur l e vr:1. T jrcse clauses i';ill- typicaliy i:e usè11 at tìris
li+vêl- onl--v ori velly :;ensit-i.¡e data" Ir is: very expensive to execuLe
iÌre -s.e Ìrroceilu r.1s f o¡- e ach ôccÊs,s *;o a iìaf-a it.em "

I

| ; PiìI1.¡;ri:'f L0Cií
I
+-

i¡t \ r-,
sfltE
/\ ì:¡tL!

MCNI IY
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T,he r;iit. €ût-l- )/ r1 cf in¡::; i:l i:.:t'- r: ìccrj s r.rÌlcr- tl:e ,

SE'l NÀi'lE IS st'l-nair.;- 1

'Th: sei nirm': c1a use def incs a

l¿ir,irin l-Ìrc Ciatabas¡1 .

nilRe for a sot type vhich is unique

; i'i0 DE IS

The i"lODll clartsc r'l rfin=s tìre t[anner in i,;hic]r reccrû occurrences in

a í5{:.t- t-ypc ¿ìitÈ ac.ssociate,Ì" iìeco¡:,i.s particrpatinq in a sÈ+. occllrfence

;¡hose inorl ,* is Cì-l Ail',I ¡-rre 1t¡ked tr¡ sLtccÈssor records' The cha.in may

o'priona:l-I f Ì:¡¿ ti+o-'"ray (ie LIi!äED T0 PìIOiì) " Chains ilÊ.y ire iinpleriente,f

as .:;ni:;rlderl iinks or non'-eiljrcd,i:<i lis+':ì. The ecord point,:r is a

C at.abase key"
Ä ?ûIl{TI R-Ài.'-ìÀli i -s i:UnctiC;:;]l Iy esu.i valenl tc â no¡ì-enbe rlrle'f

r--he.in" Tli+ riatab¿rss lter¡s ot all nember record occurrânces are

ccn+-aíne..d i.¡itirin the occurrcnce of f-he o#n€r::eccrrl . The NEXT record

is th<; recor:il r+hose da-uabaso ke y occurs ne xt i n the list" The use of

lists fiìay provi.ie an eff icien+- nethorl ior enquiries using B¡clean

lìND/Ca. <;or¡cli.rions. RecorC"s s;rtisfyinr; the concl.itions can ne found from
j:ne lis.rs r*ithout ret-rieviuc¡ 'ir:rec€jssary ¡eccrrls. Pointer-array mode

siroul,:l b,: used wh+n onl y a sLrb.set of tlre records in a reccrr.l type will

tre menbs:rs of i:he Ceclared set type" This avcirls zire ove¡-*irr¡ad of
stoi:-1,; a pci nt-er in ca-ch occurrciìcc of a ::eccr'l of t,he ¡ecord type"

A Ðyì.JAi'] IC s,o-i is; onri in 'øirì ch no recor,L type s ar,è declareJ io be

mcini:er-. cf thr-. set i-yr¡e" Ài r'ürì time any reco,rd f-yp(ì in the daiabasi:

can ,iynainicaì1;; l,'€ ass;ociateC '*it"h a riynami-c set occllrrence" Ti-le

r-i,yilainic c¡.1-"i on cau only be uscit r'tj-tn a lìOIÌ{TllR-ARRÀY since it is riol
possií.. 1e to a¡ti,cipa te r¡h.en a- re c,:rd type ol: cccurllence i,Ii11 l¡ecome a

nreili,;er: of '..hr sei t)'Ì:e" It is rherefore nci possiirle ic rd.entij:v the

(C,'llr.Ili | í"Ilìl(ilD'fo PFICII >

<:-()i)ì'j Lf{-Àl)l ÀY I l\I 'l,ry,rilC l>4 .i- -+)
( i n i: I e.-' n o: n I a'" o i.- - ll an ù
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loc;r'Licn of cr Cynani c ser ci::iit i n â recorC cccLlrrencc" Fi¡r Lhc salne

rea:ìon neni:r::: rccùiil :; of ,1 yrran-i-c set.= cannr¡'j- pcii:t- to theit oi'¡ners.

The rnpl enì¡.:lit-ot-lìaril€: uro¡le proviri,:s f cr tìre i nple mentation of
f urt-l-rer set ::el;Li:j-olr ships, IiilDEx-ING notle s r,'iIl al¡lr¡s-r- certalnly be

nade ayailablr-: r,¡h,':::c accÐsis,nÈ*"hci åat.a rranaqenetrt s€t:rJices exist. to

suppori tÌris data stlr:ctui'e" î;r conjr.:nc"i--icn with the POINTER*ARRAy'

ili*" vect-o:: informar-ior: structrlr(ìsì nay lle i-mclemented to allcw for rncre

couplex mul-ii*l.,ey search aitqì1ircn'trs, The ìteys s+-ored in a POtrl{TElì-ARRÀY

nirJht be inplementeci as ôai-a it,em key 1"¡alue5 lo allow in,lir.:ct
a.Cd.r*:s:;ing to reco::ds, Infcrma+-io:l ai;ctl'c r€cocC content can i-hen be

<¡atirer<+d fron the iist.

fcrna t - 1

; oR)EIì IS

f or¡ra i- 2

+- +- -+-+
; OilDElì iS SCFT'ËjD l IlìIXXE) l lìÀ rrl lS inrlex-nane-1 ! |+- +- -+.-+

irI:'iiî l'l ,riE C CR Ð- IA ll l-:'

3}: D;1TÀ3A,SFì KNY +- -+

-t

iIIJELICÀ'illS'1.RÍ I FInST Al LOil E D
LAST
¡'lOT

+- -+
+- -+

+'- -+ <IIn.Sìl>
lÀLi,iÃ.YSl <i,ASI>+- _+ <NEXT>

<pFrCIlì>

Tlre OiìDllR claìlse coirtrois tire lcgical orderinq
occrlrret-c.l:ì r,lit-hin eåch :-jrìt occllrfenc'å" In the

i¿ccrds af ,:¡ '¡ nsc:-tcl1 .:

FIN ST as t ire inme ,iiate sitccessor to *"he

of me¡n]rer r:ecord
first fornal ne'¡

Ci\tnef feCOfd

cl.¡ïler recortl
cccul,-rence "

T,A,S| - as ihc inir':ti-ai',e:
(iil(/\¿!!=::v,jâ

.,¡-,ìv'i Lir-r11,i - aftef Ot- befOi.e.Ì.-\1_g rJ-\tLrl\

cutrent t-o tiie run-unr::."

p:- c de ceíJSor to

arrother record.

+l-^L rl u

cccrlrrence i¿hich is

IJse of Àil'itiy.5 in,l.i catÊsj ti-ì¿ìT 'thc run-unit callnot- overriå+ the
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sclr.ìina DDL oltil€ll clausa,
Ijeilb,:r recor,'l s c¿i.il bi3 sl..orLìJ in sÊquence oi ì këv o'¿fiiled in tÌre

i'llnncr silo*li1r+uÌtI i\iiCili;ÐIl,.lGl:rESi-Iil{Df\G clai?se, ST''ecii:yin:J oniy OIDEl fS

SÇ11 :lll 'j c¡ìt-t:lc.s tilaiiriraî rccord ùcc!tL-!enc(ls to he s{)rted on iire reqular
ì.,,1 y ii,lll cI ear:h iíìco!-i '¡i'i]rii-t r€cot:''1 type. h¡hen the :set ]']ptì is
Dyìl;\i.lIij ilo n.¡1 s¡i riÇ can be i1 e f ine tl f or pcteÐtiaj- ineml)3r* ll.cJrd typ:s

sinc: a ki:y Iicl,j cari'lol bi, C,lf incrl ¡ìÍ- schet¡a rief initio¡r titne' Secor'is

can cpi-i ¡¡¡a1l_i. be :lt-orcd in s.)qu.lnc,: ct ,lat-abase ïtrey within recorrl
nôîììe oc st::ic*LIy 'ty dat-¿illase kcy" 11 ¡:nirQi r.Ccrds can be associaletl by

an inplenentor iefin+¡l indcx sti'r-rctrtre" The GÐBÌ'lS i.nterfaces the

scilena i¡-ji-tir tile Cperai.inq Slrrst-em ,lata nanaq-3iûerìt rorrti nes via an

inriex*name. ll'-iplicates cân i:e not allo',+eC cr ailo'¡ed" i'le'w ,iuplicaf-e

Õçcììl:rilnL-es can cpi j-,onal-ly be st-<lre cl last or rirst ilt the seguence of
d- rrn lic âtçr,s "

?rrvzrcy
r¡¡-i a+.i oiishì-i:s.
Acces;ri ca ¡t i¡c

¿rn,i {.llì cl.ailses piovi,.-1i:

lion ii-or ¡ rJ c <>nf-lo l-

r:est-ricte',1 rcL aty :;el

pro+,Êcti cn aitd conirol clf thi: s*ot-

is avail¡rble for s'3t no,lifìcaticn"
functi on"

+-l
l:,ll'; Ii:ì,l

+-

OIDER I

INSEiìTl
B Ei'1O Vi] I

-+
CÂLi ¡j.a+:a-i,ase-Procedure- 1 |

+

+-
Ij;P1ì.Iri:\CY tCC;{
+-

ORDTN
IÌiS ERT
n if i.lûVll
F II.ID
FINI)

+- -+
< pIOCEDUF.n il a'r a-ha is,3- procÊd ure-2 )
<liter¿r1- 1(1cck-natne- l

+- <?ÊoC¡DilRn Cat"a-basi:-"procedure-2) -+
I O1ì ( l-1t-e ra:--2+- {lnck-ilaae-2 > -+

-+
I

I
I
I
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.îach s+:. type ni-ìs;t iiavr: ¡i siìì,.¡i r ::j:or'l tyile declale'f as o!¡iìer"

: CrJl',1iiiì IS (reccrci-name-1)

il¡ich occì1 rL-iìlc€l of the recor,l iype i-2steblisires the existence cf a

srt occuul:,3rìc€" Ir special type of sÊty t.he SIllGUtÀR s+t has only one

cccurrencÐ ,1 n,1 has as ù.Àlnor th,-: SlISTS,'1 {CÐts1'lS) -



jl liT irji ¡,:i I il 'i lì i il i T I r-l l:{
4',- -' ':i ¡. r li
'-l:Q!.-L T

,'len.ber: S il h-lÌ rrt.f y
The nen¡-¡eil su. l)

:lcoi'l occ']rt-+nc¿-.:i lr,
-_.1rr-1r ñ.):ì-- ì l_iìCCftj.:' ': I

-,*hc occìlrrâuc? cf the

i r¡nc.: t.¡h

tr: f f 1l r^! t "v

aa
il 1\1a :. (] /

n^'.'^rr

sn'{.r¡¡

!-^

.>c L

ich
.rtr

nì ay
+L,-.L!L-

i'iE .18:- ! T S r ecoLiì-¡t,ìrÌì€::'- 1 < iir\ :iDIlTû tY>

<OPTIO}TAL >

(ÀUTCIJÀTIC>

( l'i L i,l Ii iil

+- -+
ItiNKll) Tû Oi.iNEB I+- -+

!Diir)iIC¡1TIS ÀRE ¡lOT ALLI)l.lFD FCi'' dat-a-bâs?-i,Jentif ier--
+-

+- -+| :;aJ- ì-iì2q,a-i :ì;:rr! i fi rr-? I! Èt o+- -+

--f

t."".-+

À rr:corû '¡hích i-s de-.clared as a meinller of a sê-u type nay also
appea r a s rrìenl,-.ei: cr Õ 1{n 3r cj-- .Jther -i€t- t ypes" No r3c')rd nay be

decl-arer1 i:ìs oiJnÉlr anLi nenl)er i n *"liel same .s€-r- type,
AII'jlOj"1 Ä.TlC mrrmi-rç)¡:.sniÐ inr¡lics thaf, each occurÌlÐnc+ of- t-he record

naürt--'i1 r'rì1i Ìli.:con: a 'ûìí,ìnila-ir oi a selecteii set cccì-trrence, i'1 A]{UAL

rìÊrnilíìrsìiip iinplic,s *,-li,ìt- rh+l rrrn-unj-i, uus+. ì::rsrre a Ð¡IL commanrf to
af f ect irilabelrship" Ân ûilTiC ùlÀl ne inber may be reiloved f rcn â s,?t

occrlrrenc,l irrto r,,'irich it- ìras iìutontrtically cr ïnaìllralllr heen i-.Iaced" A

i"lÀlJDi\TOllY ne lrÐe r rilay Ilel¡É':r be renov-òij f ::oril it:; sei- occ'lrr?ncl u i+ithoitt
be.i n r¡ i Ð l ei. I'rl f rom r-he r-i a¡-aJ-.¿rs'.: / oncc it is est-ablish-.C as ¿ì me mber"

illliiì strr:cturLìs airi: crcâ.t-ed v¡ít-ìr +.lie lllll(ED TC C'¡,i¡tl;lR clause" If it is
il or, rlr.si::ã'rlc 'uo i nsc i:i a I?cof i iil''-o a sÈt occurrr¿Ìlce as nenbef i,J:ren

key f i,elds are conT)1er-e,1-y d'rpi ica+-e ,l ,sithin an existinq occllrrence,
then tne ÐUPLICÀTE.S cl aìlse i-n:;t::ucts tire GllBi'iS to f,isaIlcrú an

attempt-e,l -inscrtion. Si ilce thc GÐBäS all oi+s nodif ication ,Jf key f i:1'1s
;rnd tilc lcqica-'l- rcshufflin<¡ ol- rccr:rtls -,-a maintain s3t orrler, it is
Ðossiì.Ìl-e lo gê,r,'€re't-€ a d.unlic,rti: by changinq an existing ì{ê}" Sucli an

atl+:npto whr:n tj-,,¡ DUPLICÀTn"s cl¡ìLrse is use'in r+i1l fail- and the
dataiia.se '.,riii rem¿1i¡r ul:chal',,qed. Tho ruil-unit t^¡j.Ll be no-"ified of tÌre
fail-nre lria a:;+-atus coiìe.

i!aiiuai nl enrersl'ii r: iìl¡.l¡ be Cefj-ned v;hen it is desi::al;le to have

i*crti:il inse:t-ion rjon:-'rlrrr-ing prilii¡;-i-nÊo but* the load on t.he system is
i--oo qreat- t-o all-o"¡ tlie rrpdati¡iq af all set relaticlshi.cs to be ilone at
sto::e timc, 1n r.llis; casl :jírt, updai*inq riìay be iioni:'*,h.en time is
a-vaile-b-l-i: ojl J:atchcC- anri irl'lì i;r non-prime time, This allor¡s net,
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t'c<,-ord.e to i:e sìtc:r,:d i-:r *-li'e irLàtâi.;esê l,;Ìir:n they are receiv:11 j,.¡ut d¡:fers
''*\:t iinJaLi-nq of Ìì'-)iì-crit rca. 1 ::e 1a+,icnships.

Op-,rr:nal. ulç¡nilersiìi) is us:ri wi:+n it i:;,lr:sír¿i to removÊ a record
fcon â :jt)ï- tÐla*,j-cnslr.i-p l:ut re:a.in l:hc recor'f in *"he datahase"

"Tis*-or-ical 
.1 ar¿ rrc<-,r'i^; are 1lkely i,o u:re tìiis faci.!-ity" lliren a recorrl

1s fi st ,3iii-Érca ir i s cu,r¡-'e ut anci belcnqs i n tne currenl-- set-

relai.icnship" Af*;cr sofire p:-riod oi time the reco¡ii is tìo lr:nqar
cillleilt- ìtrrt it- still has iristorica-1 ,¡al-ue, The recor,l can be rieleteC
f rom the cuLrelll sct anri si-creC in t- he his+.orical se t. The Dl'1L has a

d,etrete sel-ective i¿rcility i;hiçþ all-cws records tc ,lrop iremÌrership in
set-.s ¡,.¡ithoui b;:inq i€ìncvÈi1 plryr;:Lca11y fri-¡n the da+,abase.

1f onr: or noL-e neinbe r r:co::ils of a se t are tieclared as UÀlluAL it
1s po.ssible t-o qenor-';r'¿rl ä cycle,.Sj.nce ail+.onat1c nenbershj-p in a seL

inplj-cs r-hat. ân occìulrejlclj o: d. n:nì:et reco¡i1 is unconCitionally
insei:t":rl, int-o an occurriìi-rce r:f its a.-qsociate,l set type, uh,ln the
r+co:rì is aûr'l ed o íit, ieasi- c¡rc rg:cord type in a cyc-'ì-+ nust. be a nanual
r.lenb'cr " In cr:iLer -l-c i nse rt an auionat-i-c inenber: iecorrl occilrrence int-o
a s{ì'u occurreltcc .i *¿s ouner rnilsi: exisl. f f all ne mbe rs are iautonaf-ic
**ireir no recorrl c¿ìn he tire first stoi:ed" If hoi+ever onÐ is inanual ancl

it-.s LCCÀIICIJ i"lCÐn i:,- otÌicr th-ai: \"¡IÀ then the r€lcor,l- for l¡hich nc ok,rì-Õr

çvi sts c¿ìn be store .l ì ndepenricntl-y of its or'iner existence" Once j:he

nenber: ': ,q si-or:C sui:set;ur:n'.. reccl-d-so autcmatic and rÌìaDual , caiì be

stored bâ..:3å on ii as ol'nêr, Ivent-rraIl-'¡ a reccrù may be stored r,lhich
has as nenirer the original recc::C " For e xample if A is a mairual nembe r
and ii-, is storeC." ¡1 ís t-he orrnor of B and C r,+hich ere store,l. B is the
orJüer 6f D, E, aiid f wiLich are stc::ecl " D is tÌre r)',.,trl ,3r of À ,¡h,j-ch has
been storr:d and a cvcLe norJ oxisf-s ie AEIIÀ"

j-r¡¿-l r:
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+-
i;
I+-

i-- -+
(:1 Srii)ì DI,: I > ii,'"'í;rli:iiSa-'ricii,:> +_'_+

liäY i5
+- -+d-b-i,1enl- J I o11-b-idenì---4 |

+- -+

1--
ì i]litL IC,\Tlis Àlì g+-

1* -7 -+-+

àLí-CiÌEI)
î R ^_cT/iST
o'r

F

L

I -+-+

llhen an 0liÐER IS SOn'IED claus:" ,,+i-';h o+-her tiran i-lie DATÀtsASE KEY

rrrrin'ì ir\¡':r¡rq in a sei entry t.lle ÀSCEI'iD]r\lG/DESCEIiDIIJG clau.se rnust be

'J:ìÊrl to spe cif y the siclL coitrcl- ki:ys f or the member record " t',ühen the
OF.D,ie IS .5ûlìTED clausÈ Coes nol i ndicate '¡hat to do -¡itìr dupLicat¿s
-,-h¡i Dil?LIì:ATIS CLÀUSI may he ^snecifierl in the ÀSClli{DIlnG/DESCEi\fDING

clar:se, If no se'lti(ircinq is defirred then dataira-s.¡ key is us.:d a-s ^sort
cont,rol k¡:Y. Tirc ii.AiíGl oÞ'i:i on speci-ilie.s ti:ai lhe nanod iclen+-ífi-er
iinnlics ;ì i¿ìIlíTe of vâl-uês to be us+rJ. i:i. coinpal'iscn fcr se-' occurr,snce
selccr,icn" llqualit-y beir,¡er:i tiie rsnqr: key arr,l thc input al--gunent value
iit t-lie i-isÊf i'lo::rc Âr-r:e, iil 1i,t,) is noi reqiiireil fo:: a recor,S to be

seleclr:11 as c\dne r of t-he sor:qht .::et- occutre nce. A match çí11 occuf
f .::ì(lâ.Id le:;"s o¡ *'hetiicl l:ânJ: liey is specì-fiet1 as ascendinÇ or
,Ccsc.l n¡iin I r,.rhe n:

Tlie input arguirìen+- val:,ro in t jre UlìlÀ equal s the ,¡alue of any
.ÌìâCr ïr C ïlan,Je Ka\.J 

"

The iJI,il'r v;tlue: is.l-ess ri:an tÌre loiçest- val-ue of any ranqL: key;
f-Ìisn thit hratch l,'il1 occì-r:: r¿rt-h the louest ranqe key"

I:re Ui.i¡ì v:rlue lies bctl¡e*n two a,ijacent ranqe l<ey valrres; t.hen
lhe r¡atch cccurs çith t-irr-: ìriqber Ìranqe k:y values,

Itr ,tat.cl¡ will lct- oc-cìtr ri t"ire Ui'i\ is great.:r than tiie Iarq,:st
value of âny lÀ¡iGll kev"

lì À¡iG il keys can :; -i tjil i f ical t lv rr= ¡1 nce sea rch r.ine to reco ver a

recoriÌ" As an exanpleu siill-rìlùrie:r.n alphabe+-lc key is 11 efinerl as a RÀ¡lGE
j<ey" 'li,JentLi¡-silr î:Lng:íì cail irE r:sr-:i1 tc sui:ilj-vi.1 ; recor.l occurrênce,s
ilto 2"6 suiisi.:'ts cf ai:ou'u l3 r<:c;or:t'l.,; each" i.ihere pEeviously the searclr
of a lì nkcd ser- of 10ri0 ;:r,:<;cnr1 s i-akcs an ,fve raq+ of 500 recorrl
âcc:ì;-sll.¡ìs, the ijÊrltch nci+ ialçe:s on-l-y an AV€ra(je oi i3 + it) = )2 record
rìccess(.ì:;" ;ì r:inc s+,ruciuri: aDii rnolte ranqr: kcy:; can be used to furiher
re'1 r;c'.: searchi nq. This inC;:xi:r,:¡ scircine is vcL-y u:;ef u1 uhen th-o nr:mller
rj1' recorll ,s in e :r!t. cccurrÊnce can hl larce an¡l i¿Ìran the disiribution
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I
J--

(rl at i- ba s,¡- Ðr oce ii.t¡:c- 1 >

À ttofrllD
-1

Th'l Sll¡ri'ìCIi c1:ìLlsc L,l:ovi dÍ]sì tire cllillls vrith a iechni,lrr': fcr iinrling
Ðe::i: icì1l-êc ll.tenl)iì:r rífccurl cccurr€Tìcos r¿it-hil a se1e.;teC sêt cccurre.ncr,f"
Ti¡re e s'Jarclt :,ì+'i:i: L.c'gies are Iirûv.i.ìrJd " The CÄLC ii:chni.ì1ì. t1 s€s a í;il 3i,IS

supol-i.d lçey i:ansf orrnat,io:r orl rire ì rir:ntif ier lisi to finC tire
datairar;e key oi i-ire ,.jesir:,i rÈcci'11 occrrrllùnce, À ;ysten dcfined in'lex
is create,l ltìri¡n no USING "i n:lorn¡ri-i c¡r is i¡ì r¡an " Tne I¡iDIlX -'-echnigrre

irnplies i-h¿ exist-ìncei cf ân C::erai:inq "Sysieiìì suppiied data ì-'ìanaqèin.ltìt-
i ".^^,.i ^-arr'rc^!!,,r ,ar,uÊss nr-itiroil. 'fhe i-1,1':x-lìalnc relates the OS in'1ex r.¡ith the
schcina ,åcscliption, 0pti lnally a user nay pr':vide a procedure to
opeiat.e on the idr:rrtiiier 1ist. ancl nrrrilrìr-ê a i¡faoalì,J k:y for the
dosir:d re cc::c.l occ rri:rence .

Ttî SiÄFCli claus: ir; uscci r"h,Jl it ís expecr=J rhan natìy memher

recorll's'^'i11 cccuf foL' par:ticulai: .set occurrences,
The DUPi.l CrtTES clausje ís :lse d to specif y whe ther record

cccrlrreiìces r+i-,h ccirplet-,riy dunl_j_c¡rte search keys ui11 be inserted
lnto +'he sêr occiiir-ence" hjhen recc::ds are retrieverl hy key values
sìli)sûqìii,n+- accuri:in(-:r's cf rlcor(iri ili--"h i4=ntic.tI keys vrill nc¡j: be

;:f-rievcC "

+-
I â- i¡-
+-

+- *+
DUPLfC;1TIS lli0Ti+_ _+
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IiJSING å-i;-iiir.:nt-1 |u11-b-ident-2 1 """ I
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> -+

forn a i- 2

(.
(se t-nailr¿-3

+
| ; SET OCCIIRiìrl'iCI
+-

<CiIiIRE¡IT OiT:]ET

<LncATI0¡i :,iciill
+-
IALIAS FOIì
+-

OF

,l
!.1 -

C,i Ì\i E f
b-i11ent*01 f:;

I:i i'll iiU .set-naìrìe-2 IIS I¡iG

rj-b-,la';a na ne-ì i

<I]SII.1G

(iILIÀS

+-
'l-ì:-i- 1-t'.t--2 f r,i-¡-:,]e .:i"--
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1l'he:illlECTIillf cl.ertscr is irr:i{:-il to dtfini¡ rules for the sel-ectir:n of
a :;c'i- occrlr:Ènc,] containin'J û p3.Ì:t-icu1ai. nerrìber recoiC occìtrrence,
l,Jìr€lreri/er the sei is non s;inqu1ar, A sr:Íf icient cond'i tion to select the
set occl-rIriencê is -¿ct firri iirr: ourleL.- re,cord occì.Ìrrence. An or,/ll.er recorrL
fiìây he -uhc c-utrent rc¡coi-r.l of ^sr:t t-o the run-unit u ín ''¡hich case it i 5

.i mmeCi;rte1y avaiiahle" it nay i:e cossj-J-.-ie to locate thúl or,/ner re co-:---d.

usinq t1''e iOCi'rTfOlì ir'.i0lll:r inforna-,ior qi-ven in íts Record ,Entry" The

-¡-*^ ''-::d in lccat.irq the reccrd ere i:hose cf tl-r+ Record llntryËtL!jullUi:i J {tJt

í-OCATIO\ì l'1OÐE cl-ause ân,:1 nay bc provirled in the USXNG anà r"{LfAS

cla:.rses" The lJlì-uttii- mi:st Õn,sure *.i:at t-irery are auailai:1e" If the
i-0CrlTICN i'lûDE ts not- V IÄ a se j: the n +-he cccilrr-ânce is inrnediately
acces:lible v¡henet¡r:r the iÌ3cÐ:isaly identifiers arê availahli:. I,lhen the
I,.OCATIC¡l i'IOÐE is VI.i t.herr r-ire {lDRi'lS inilst trace hack throuqh a chain cf
,sr-¡t, re laticns; unt-i I a sel ','JlLose ûhInêi: record i-s i1 i::ectly accessiblr: i.s
1ocat.l,1"

The tv'o form¿rts of i-iie SEì,iiClTI0l¡ cl-ausc rii-rfer in that the seconö

forn :-s usr--.il vfrsD a sil+. cath must he defined" That- i.su wiren the
i.nmerliat-e owne;: r:'+co::d of tl:e,:;e.¡ì: occurrence to bc select-e11 cannot
ir-sel-f be unì-qrrcly s;çleclr-:C. r:rcept in lerms cf. its menbersnirr in
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airol-he i riQ+" alf '¿!]:: .;ltit-(ìii,à f oi- :;.¡lçci:il-i,l -Lhat s:i are i irr:luct:i1 in a

5IL;'CTI0ii cl-¡rlsç" Th, s clnl::iclì :na'y' occur tc an arhr'urary nunber of
1çt¡cls crr:a:i nq â set '¡a.l-h. Xriel-;lia-1.11/ arì orinÈit recor¡1 frlrts+" i-.e reachetl
'¡hich is CiiRi:ìljüT, oL' can i:: sel,:cteC u;rì-qrrelv becar:se its LOCÀTIOì\T

i'10Dn i.s lrlì:C? or CÀLC "

ån aLIA.S clatrsç nãy l.rc ire quir:e,r r.Jreir a pari.icular record. is
t1 af ined íls a ni+tnJ:i:r cf ncrc t.han one set- tyi:e àî'1 each :luch sc*u type
has t hc !ìaiÌì ('i c'irnei' re c;cr-ù t 7pc. In tiri s case ii !ìay be nc:essary to
nlo¡.¡ide ïìo:e t han olìe ai-qÌlnenL r¡al ue f or an identif i-er in subsequ+nt
ret-rievals of t-he lr:co::{" :\n ALI..\S pr:oviCes a facilir-y for ï_ne

l:u.tl-ttllit tc iistai:1isl, al'{-,ernaf-e r¡alitr:s for t-he ide:itifier in his Ui,rA,

h'h'en ihe LOCATiOII ÌiÐÐl:r ot t.hc Record Entry is VIA anfi the set
occurrenc*a is b¡:'i tiq s3le,cr-ed rrsínq LCCiITICN IiOilE OF O,,lllEH then it is
necess¡ìry t-o use a iiSiÌ,lG cr iril-Ali clarse to specify infcrnation +-o be

il-sei1 in 1-l-Le se-Lec'i-ion oi t-he ¡/ii\ ser occx,trr€nc€-
Specific,tiicl r¡f t,hc :ìëi- :ìr¡'1.;çtj-cn <,-rit-erj-a rrìiJuirês tirat the DBÅ

'¡e aHârc of ali set cìr)(l recoL'C rlescr-i ptions -i_n t"he daiairas3, onl-y o¡ith
a conFlet-e knci"ler1qc ,¡f tir,ese ceir he :;¡ecify ef ficj-ent set selectíon
c::iier-i¿r, i'luch o'f thr: confil-exitv oi tjle :schrlü1a Dnl, l-ies in this
d+clar:lf ion, anii ili olrler +;o :;lmiriif y t he r.'ì ef i-niii.on t-he DDL anal-y7:Ðr
inay have lo p::r:duce sÉì1, r,:ccrd and repeaLing-,qroup r=laiional
infr¡rniaticn"
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5" 1 Iil'tiÌÐÐucTICÌ\.
The Dat-a i"i :_ilrípitì,.rì_ì,::r Connalrls.; lrovirie, ii con jünci:.i on r¿itn a

hc.'.;t li:nqlra,'.¡,:u f¿rc-il_iiies to ;icc.:s,,ì an,l n:anipulato: ríicr)i:,ls ¡1 ef i ne.¡1 in
a siiìJ-scìrcnl¿r co¡rsisrrrrrüi ,+ii-Ìl thr: ircst languaq+. corASyj. envisiolls a
l-.illl 'ì t'hcl cach hos;t -Ì angi1 dge uill- Jre .,.rx'i-e;rde¡1 to iilc1u,.1 e a rir.1 b-scì:ena
enii a lliL for ìl,sÊ'v¡ir-]r il,l'r,iìl)¿ì.sËsi d.:.r'ineå in thr: conncn schena DDl. The
iÛlÀsYi DìTr; Êepo::t- cf \plii ,feÍ,i ¡le:; a sul,.-sche r¡a and Dl"iL for ci) B0L"

l'h* ÐilL icqr;l¡'5 j--ira'i-- th¿ Ìrost- lanquaqe make ava.i lal:le f ixed clata
areas f,ol rhe colillrrrnicariou í)f infornation bet-,y¡+eri the GûBlls and
llulì-unit" Sít spr.rcial reg.j-sic::s conl-.ain statu*. inír¡rmat_ion inaint_ained'!sY '"h3 iìÊüÊra11z-r,'Dara ilase r{aììaqenen+" System (iìDBi,is) hut availabli:'to i:i:e rtin-r.tnit for inteïror:jation.

)Å?åBÄsll-s1'ATUS is a spe ci al rr.rc¡ister c;rpable cf conr-aining f ive
al-phanuneric ciral-acr-r. lis' 'lhe cxecutica c' <-.vcry Di.lL coniûenc cause:; a
value to be st-or'-:11 ill lAllitFÀ.5[-sr¡.TiJS, T]ri.s value knor,¿n a.s til .r D¿ì-,-a
Ba.se Stiar-ri:; Iniiicar.ar.r is naiie uD of e :ir.a-,_Êment Cocle i n the l-ef lnost,
cnaracteir positiotisu and a st.:.t-irs code ir th,-: rlqhtnost character
posii-iolts. i'iirt':;l -:ht-:'.:xíìcutio:: ct- a Ðiïi, ccni iir anri. results in a lata,iase
Exceotrcn ccn'litiolt i-t. i:; ¡:ost.rld i-ir -,he statr:s code an,1 -ihc con¡nanrj
cocle is ¡:ost'ed in ll're 5+-a.te¡i-rcnt ccrl,¿. v¿i-1id {ix-rciltions resul-t in a
zeTo indicator" ,Ihç: ltilrì*un.it is rsspclsiblr: for ¿he int_errogation of
Ð4TABItsr*sriìTtis' t'-x3cution loc;ic::houIrl be ba.sed on tne posì:ed ^stat.rs
aftei:¿rcjr Di,lL ccmnancÌ i,s execut,:,i"

Tni: C.¿i'ua-llí:ll'l*s DÅTAJ.ir.S11-¡1ltEA-NAtill, DfrTÀBÀSE-RECOÍlD-¡trttrplE, anrl
ÐATA'-cÀsE-:inr-I1Àl'iE iiefine snecial- iegisters capable of hol,.Jing -10
alpnanuinrfric charact-ers each" idh,:n the execrrtion cf a Ði,lt connands
resul ts in a Database rxcepi-.j etn +-he associated aìrea, set ¡Lnd record
naÌnÈs ¿ì-ri? st'ored ir '1--h*os.-' reqis-ir':rs. The run-rrnit can exani.e t.hese
reqist-ers ano take apptoprì ¿rte action base il on their ccîÌtents.

D¡trT;\D,tSE-Cû)JI'LICT i:; a spêci¿1 reqi.st_er capable of containi n,g t_he
¡¡¿'t'lites 00 to 15' Thr': GÐ3rii aii-¡r:s DÀTål-ìå^sl1*coti¡trcr r+hen tire cilr-rent
rr-1 n-uni t â-r-trjnpt-s ic al ter a recold or ::ecc::il relationsirj-p that jras
l:r:en all--i¡iç¡1. Lry a ccnc,r::renl ltrllì-un.it"

ÐA?ÄIlÀSll-P;ìIVÀcY-KìiY is a sPeci.e*l req-ister capable of holrlíng at
1çasl te :l alniiôirumer jc cira::actç¡:s. r t is esia-blisherl by the run-lrnit
bÊfo::r.: â11 iliicritpr_ j_s naill; rit +xi:cllf-e a ccùì inalld on protecteC ,lata, The

i)il'.i. i1..r:rl I.i;-ì.ìr'ì O '-
C il.l nt .,: | 5
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.^lr¡ ¡-¡rr

D À'I.{ll À,5I- PlìI \r r:tClI-i{lIy ciìiì
cUtreÌit recol¡1 .

i:e ci: an ',.¡i;,'J o n ly b,/

/lii) i ?q

i:he run-unit for the

t¿: ii1e¡rtiiy tire 1a.st

cur;:eilt .larabasi: liey

'fÐrtf ¡.rF-f',fìr
l

Üul:rllìcy sta.l\i:s i nfor-il¡-rt,iol .i È; a1sc k.,=.pl

¡eccld. occ1.1 i-reilc.t 'icc{l .sser.l- by -;hi: i-illl-r1fli+," ?he

is nai-ntaii-l¡:ri fo:::
1. ,a;ìclÌ recor:d-typc lc-rro,¡ri 'Lo 'r.-he run-unif- (ie ncurrerrt of

recor,l-nanG")o
2-" *aci'r :;el-tyî:+ lincr,in to. thr: l:.un-unii (i: trcrìl-rent. of

sêt-nanerr) u {Tì:i:; n;ìy ire any i--iìcùrì ,.iiricir particrpaf-es in
the :;e,t t-ype, ëi+-iie r a^s o'dner or mcmT¡¿:r-" )

3" .:ach iìl-Êa-nd,ne k-nc'v¡tt tr; tire rutì-uti'u {íe rrcurren'r cf
area-narrrerl) u a.nil

4" any recorrl- tyire knour¡ 'i.o the run-uait- (ie rrcur rent recorC of
ï'ult-rinitrr) "

T-'ìre {ìilBill S m¿r-int.a-rls r-hr: crll:Í-Êîìcy indicatcrs anrl t}re i-un-unit;nay
âcctisti t-hem at any ri ;ir e, lviiìny oi iile DI'lL cc ilìn.an,f s use t-ite cultrêncy
ì¡rriicat-c:rs; to ccn::-::ol c{+cì.ìtion, iiil].css ctherwise qllalifieil the
rici.lrîenL I:¡lcorrlrr -i-s ¡rs;sr1in.---:11 to cìlrr-,int. of run-rrrit"

Thc ili{L cofiìiùÂiìds 3.i-'i:l t¡Î' lhrere types: i:l^rose Ì.rhich cnelate on

record.s. thcs'.: wliich on¿¡:¿ri,.è )n .s++-s;, and. t i:ose operatinq ol:1 areas.
Orll.y those datrr it-cms o Ì'rc()r-rls, area.s anil sets i1 +f incd in the

sul:-sch+m¿r m.ay hc expl icitly li:fcre ûce il by Ði'lL ccri:LnanCs,

Iihen a recorrl is ltej-ng ref.ìr;lrrced by a run-:.lnit it is place,l in
monitoreC oi- exteritJec"i monitcreC ncrle {i-¡y a KIiEP cofttmanrl) " Comnands
uhich inor-j'i f y tecords or rr:coi:d ::e-l-ationships enqueue on all- recorCs
i+hic-¡: nay be affç:,ctlr1 ry ciang+" Crrncurilen'-ly execìltinq run-rrnits may

not- accÊss a record '¡hicli j-s en<irreued upoÍì ItV a¡rcthcr rutì-unit, In
ad-,1 itio¡i all aiÉ:4.:ì ccnt¡iir:i-nr¡ r,¡iloi:d:r or relationships to be inr¡difi,:d
mus-u ]¡e i:eaúiec 1-or rrpiì.at"e i.¡t:fote a ccnmanrl r'hich causes updatê can be

Ðxecì-itcd, ,llaj-l-u::= ic rea.ly an alrea,;rcperJ-y'.;iLl cailse a database
ç"xcrlption c¡¡ncii -iic¡n r;hi:tì i.hg Ðf -î, i;clirrit ;1nrJ. is ex€cuted."
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5" 2- 1 RlA llY ConnanÌ
The llitlDy ccn;nailri. ripçicifies

a]] ll.l,l olt a:'c:ìs"

t,hc accesì.s r n+ue llt of a rLln-unr'l for

{+- -+
_ (lset_-lieme-1 l"Î'lA,)Y <{-- -+<+- -+(lreaim-na.ne-11"

<+* -Ì

Tenp()L-âry ãi:e.a:i iri:ic;riq tc a sinqle
rearlie,l ùs IXCi,I.jSiVI iJpÐAut[" Àny ser-s
be ::eallie,l ''¡ith the sanic inlr: ¡:i-,."

T he RIl,\ilY corlr¡a¡iå is d¡:siqned tc avoid i int+rlock, (ie thro
rlln-r:tlit s f1(lu;stiliq tì:e sôl[e r.)corr]-, ânrl at ]ea.st onè request.inq
uÞ'Jateu ai t-he .same tiine)" fn ccnjuction :,;itir the exclrrsi-r¡e and
nrniÕ^:âl ¡'rraranrjs the lteådy conì:lanr:1 iielps to ensure tila-r- conflictinqr! v v

access to a iealr¡ i,:; noi.- ì nitiatcd.
Sp:cificatiolr oÍ' an alrea.-naine ca¡ls€s thc er¡:tire contents oi the

arca to hr¡ rca,jii;d f or the r;i r¡çn intent" Sirnil-arLy, i:ea,f yinq a

set--ïiam€' caì] 5Ès eli ä í:îas "¡ìiich nay ccnta'i n record occur¡:ences for the
set spiìcifieci to be ::eail,iei1. lf all requjrcd ar€as cannot ire reailied
1ìOlle r.s"

I ätfRIi,ìV¡,i, p:lrni t.:; acr;ess tr>

value, UPilÀllil Ì¡ermit*q lj,UTtIjjvÀL
d ar-ai;ase c tn+r-en'1,

+- -T:S I lÌXill,lfiililt <LìITrìIIVi\i.)
ir):ì-\--'ICTf D I <í-IPÐiTii
+- -+

run-unit and inust thi:lefor'_: be

il ...^fineil in temncrary areas rnust

da+-akì ase re c ords an'1 is the rlef ar;1*'-

an,l mo,lif i.car,icn cf t he contents of

L)lÌOTEC'IIÐ nr:venrs ot-[er ru:l-units j:]-om cs,3ci-rl-._inq a RSÀÐy UpDATE
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11;{CLU":i f Vn prevents olher ìtun*unitscT IXCLIJ"SIiII inteni: :-o:: t-h,: afe
f::on I xec llii;ir; a ii Iir Dy i oi: ,_ iie iir

'¡Ì-.<':ctii.ioti oç, å !ilADy ii.¡l:
con fl-i-cti;lq ì Ìt--*n*' Ca uScS *rhe

in¡iic¡-tr:r anii l;aii fcr- avajia]:il:

àlì ar Ê.1 l+h i c h

:ril':-i;:tit i.o ser
ty ot i-he reqrri::er1

is readierl r+ith a

a rlatah.f.sr: sta-"uS
aL\iãbo

5"'¿"2 FrNrsri
Tlte FIl'¡

co nìpf ,:i l?d "it s

Ccnnan¡j

fSii coinman,l ilrrlic¿ì-i:es to-i-_l¡e GDBi,,l S -ihat the
procíjssrnq qI'l th.:,spr:ci_tied areaso

run* uni t has

< +- -+
f lsr:l-nanc-1i "."IîllISil < +- -+( +- -+
/",\ T* -+

oÌliY ai'Qës xir ich i.¡e i,*- rs:ai1:-e ,l by +. 1:e run-iinit rna y be ¡inisheù by
the ru it-u:ri'L"

'If- a sci--iis*''- is spilcificii t-hen all area.s '¡hiçh nay contaiil
recorrl' occì-1 lll-Prlcíis in s+:s of tile iìaní:d fypes al:: renov:11 fronr ready
¡¡6':ìe " If nelilr cr e s€'t-Iisl not- eríla-lisi i s s¡le ci ie,, theri al-l- read y
areâS eIe l:,ìitìovCr'ì ircrr,l lea¡ly acil¿_-"

Cn ccnÐlE:'iion al_t curtency inrlicai_ors íor t-he se_l_e cted areas are
ni;l-J- anrl a n inri,ie C FRI'X is ,:xecut_cd :-or al_l- records whi cli aríj in
exlenrled ncnitored ncde:-n the seLecteil ar:eas,

i1n inrplied Ì:'ItiISii is execuied to reincve al.l rÐa.dy areas of a
rlrn-unit cn îltn-unit i+i:mi_naiio:t,
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5 " .j Sel- l.ian i puia+,i-cil Ccmnlald.s

'l'itrr four llc*: O¡rcl,lted ccf.nírnij:; ere: fFo COt'ilrlECT, Di.SCCNI{ECT, and
o iìil:lR,

5,-j"1 ii Ccil.i'ani

Da.t-a Sase ûolrilitron.E cir¡,rh1e r--i-r+ run-ul:it t-o test. for current
r-ecôI:,1 i nr¡olvemi:ni i-n s::i. r+1at-lcnsir-lps.

5. 3" 1 . 1 Tenancy Ccnd ition
Tile ruü-unii caîì i1 eiei:mi nr3 t¡ìieiher the currenJ: rilcord is a

m'3tÌìÌlÉìr s or oIiÌìer, c)r ei-ihe:: (t,--nant) in cte cr moj]e specifj-eri. sei
Occllrrences"

5"3"1"2 I'irmire r- Con,iiti oir

'¡lr.:: ïjtjLt-i:n j t ce.n il r:à-::rilj_ne '/,rhe tlier cll nct :t speci f ied s:t
occiìrl:Êncè ìiars an1r incnltei-s,

+- -+IF s,:t-na,rìì€ì lS iNOT I ElllPTY
+- -+

'ihe scl ccctlÍ::oncc j-:; the onî s;:lect:d hy the c'or rent record of
Se+,_-i-VpÊ sSet-ilame I 

"

!'¡" 3" 2 CCìiÌil jic:l Comlnan ci

Tire CCi'iÌ'iIICT connran,l c¿ì.rl"ses thr: current recordu I,rhich 1:tôs

prêv-:r-ollslY storerl. as cì i\jilliiUr\L or OPTIûi,lAL nì emliler, to Jeccm,rl a nerber
of onrJ or ÌÌìoit* ,sets Èo:: ,¡hicli it I s :eco¡:,L type i:as i:een å:clared an
eJ-iqiblr: :neni.,er,

+- -+ (,sc,:.-ir;ìnî- 1 i;set-nu*u-ãî " ". ìCCI{I'IECT lrr.,corrì-irai:rr.l 'llü ( +- -++- -+ <ALL

I-lilccrrl-t:,imc uì ìi^si be t-ile cur::ent recorll cf itÌttì-ilnit. l¡ìhen ÄtL is
spr:cif ierl 1.-hí-. rec,rr:ri- nru$t" ir* a i'lÀ|Jilr\1, or OPIIIiIN ¿ìL nemher of at l-ea.st

+- *+ +* -+ <'3l.iÌ,llllìIF ll.iilTl !r;ai-nane | <t'llHßIR>+- -+ +- - + <?ElìIl\tT>
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Ðìì c rtct i. i' p,.1 " 
-¡j li {ìtì t ht. lsiÌt :;

i4ÀliLlli.i, or CIPTlî0'l ;iL är+tiiÌ:ei
i:r acc,or,i¿rnc,: i;:rÌr j_h¡: i:li,l
h+coilars cu jtlt snt of s¡.:.i, iype
If t le record. carilìc-, bi-,

collnec-tr:e tcr any" !xe cur.icll
be l:,1-ac+d in n¡:ni icr-e il ncii t,

5" l" 3 Df SCClrtliECT Connlauil

T he DISùOl'iì{llcT stai+ine n1:

f¡cn onc or inore sets"

PÀGÐ

logically reroves the curreilt recorC

at_c ll .ìrì i:d tho ileccrd t.ipe _cDÊcifieC n:usi a

ctr rach se t- nair:rl . The recoïd is connect-e
c::irlq d.:f rned i¡: the se-u entry" The recorrl
for eactr s'':l iti r¡hich it becones a inâmber.
{--onn,:cteil to every set_ .specifieil it is nct
of a connect canses the cur::ent record to

+- -+ÐISCOi,: iilZCT I recc_rr.1 -riarlr ...: 
I+- -+

+- -È(se i-nâm e- 1 | o set- na .ne-2 |FRDii ( +- -+(ÀL L

is ils€{j tc loqically recrder menbers of a

Th+ reccrd ty¡,'e: oi r.-h¿¡ <--uïren.1-.- rcccrd ftust J:e defineâ to ¡e an
OPiI?llÀL ir€riiìli€r of a,l I rjlrecj_iie d set* t_y¡:e.s" lrtI- inr.jicate.s that rne
Drsrli)i'NECi: aL'plies to ati se-Ls ior. uhici: the currerÌt record type i-s
declaled a,s ¡ìn ciiTrcìlllÀt nenller. currency ini'licai-ors are not affecterl"
Tn+ ci:rreni- rccorrl ís plac,:c in rilcnitorerl mode for the durat-ion of
ex*cuiion cç:_ t,jre DISCCiI¡tECll,

5" 3, 4 0t,DÌit? Ccrnmanri.

The 0rìliliR st.¡rte,.neiiì-
gi rtel set occtlrr€rìc€,

0?)lliì set-nAtnl

-+
I

-+.-+
I

-+

< clI

(l l+-(lil:-ecor
<11+-
<l i+-(ll!::co::
\l l+-
< I i it1¡r¡:i

irECo RÐ- ri ÀÙ18

[1ITÀBASE-Kì]Y

sÊt cccillllcnc,;. ce!l ;l.r ir:iIIrìancnt-?-y reo¡iler+11 cnly r¡hen it is nDt
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ripfilic,d in li:e sci:r:r til a'l-,it it<:

'ui:i:ir such all ûi:,l ,ffìnq rs !l:e
ilusl-- he cic¡-ì !e d lc ccl i,l itI

the drlaa'"io;i oi t.hil rllil-ulil.

PÀGÍ BO

icqicai-l-'¡ Íirtcl i ¡r crier' LoCÀLLY i.; rrseC

r1:fini:,i ani inplie:: that ;r t'lnpcrety Lr':a
tì:e i1 3",!. l.¡ Orrlered reCCfil OCCtlirenCesjS fOf

,,\ll- tccoLil r-ypo:i ¡-cfer,)nced nti.st ì:e neilber ,¡f rire set type
rrsËt-lilprnì€1r. Ii -r-ht -reco-ri.i .JCCULTÊ:Ìc+s Ðxi-S'u in non-t:nrilo:(try atea:s

t.heu t-hû arija uus-;t be opelc-:cl fo: e:<cl usiv,: or pro'tecterl retrieval 1f
Lûili\ttY r;.:orCcrinq or rrcl usiv¡: upriare i¿hen recrdering is ptrman'-:nr-"

lìecorrls l¡i',ic¡r rlr,.ì ne;Èhcr:; of l-he set occrlrrÐnce irut ¡rol part of
thc r;:ort1 :;l:iiictr ailû io<licalLy pl,rc;r1 et r:he encl o't the "se-' occitrrence"

iìECORD-N Âi'i jl inirrlies tha+- rÊcof il s are 'uo l:e ordered ilV

r'.ìcord-naine, ÐilTÀRliSll-Ki:'Y írir plì 25 that r+cords are to be orclerÈ'1 by

i1 at,aïrase-ke'/" ll'he,: iCeni-i-fr.:r list cause:; r,ecorC.s to ire crdered. using
the vrì-l-ti1]r; o-l- r-iir.l irlc,ntif i::i::; r ¡i e ii.cÌr re cord, Only on,.ì ilentifi+t nay

i,.Ê,. specifi-eå for- eacli rccor,l tvr;e-
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-. ll iì,,ì colt r,i 1:i(-'c':st-; i nq C c i,n, ma nd s

Thl rccord ilâr.rinll.l-elir;i-, ccurranCs are divíiied into i'u¡o types:
:hosc rlsr)ll in itrc rÌcilLlssitir¡ of ::Ècoi'rls anrl those useC t,o t¡aintain
rô-^r'l in+':r:-iir/" fli i-irç: i:-rst ç¡11çrlor-y are i-he ER,\SE, GllT, 1l{OÐIF'{ an,1

s'toiE coiltÌìânrls. The lici'liTCIi¿ ll--ì.lcllITCRy IiEEp, and FiIRE con'lrnan¡'Ls

¡:::ovi11 ": ieatilrcs t-o .;nsuue :e col:d inr-:i;ri by" The IIND r:cinnan,j i s u:;ed
T-a en:ìull': reccl,j i¡rrc-..¡;:ìiy anrl r-c nake a recoril ayailable for further'
pf OCCSISì rig.

5" 4- 1 iìecorrl .In*.eqltilv Conmand:;

5"r+" 1" 1 Rer:ord. Sê.ji"r;t.ion Exprr-ìssjons
À :cci>l'd s¿:Iect,j-c¡l r.;xr)r-,-ssirrli is ¡ls¡:i1 to indic;rti: to tire GDlli'lS

the cri-'r¡i:ia rr¡ 1¡e us¡-.d ',n selectliiq the r-ecctd. to becor[e cr.Irrent
::'i-.corû of Lun-rrnit" lì.:rior-å sr:iecrioll cxpr:ssions appèar oill-y in fItiD
sl,ateÍìent-s" Tire sírvetì forinal:s of the i-ecord. select-ion +:ìxpression
¡rcr:nit, abso'l utl: anti ::elatj-r¡E-' r;jCourl selectì cn cliterja, À ::ecorrl nay
itc seL:cteå .L-.asccl on its; conlenl u d¿l*'ai,.ase key valui:, or pr+seni-
curiellc'y' inf, i cai-or. irl h¡n rr.:cords ertrJ se.l-ecte d u silg currency
inrlica.tors .:ith+r a cuitltent rercord o¡ a reccrd reiati-i/r'to a cur¡enr_
recor,i can be sr:1,:ctcd "

Forna+-'- 1

+-
l:-:¿-nr,l-
+-

-+nan*>-'1 l.,l'

-f

Ð,1TÄllASI-tiiI-1: i'lentif ier- 1

Fo r n aL-2.
(Ä Ì'rY

<DI]PIiCÀTE>

Ior mat- 3

îccoli-trarL r-:-2

+- -+
! , i r1..;ntif ier-3 |T'- -+

sel- lle jn c- 1 Ði-rPL -LC A'T ll rlô:\riì :irJ--ii.r l lentiî:-ar-?-
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lo::ülat-4
<¡IJXT >
<ilBi0R
< t'i 1,5fil
<LÀST
( i n'i- 3qe r---1 >(iCclr*,ifíei:-Ll)

9cr r¡a t- 5
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ri; co i:rj.- natii;:- *ì

+-
af ea-nanìÊ- 1

sel"-:lalnc-2
fecor,.l.- rra Ine- 4

CUiì:ì 3 ÌilT

+-
FifIìlìat-6

"se1--naaÊ*3 Cäl'lü1

icr mal*7
+- -+recoril-nare-5 | I'r I'llirll Jilit?1IÌ'IT I+- -++- +- -+

! rl-Siì{G iden*,r,fi 3r-5 J , i,ìc:iî-ifier-6 1 " " " I+-

All r')cor11 s a¡l ll,,::;se d. h y a uÊccril s,;'Jlection e xtr)f es,sic¡t ìTr'.ìs+" exist in
arÊas ",¡hicir ¡ìir.) opelìeil ¡,:r,l av¿iilai:l-e (ie n¡:i. un<1er excl-usive cont-roI
of anr:thcl riln-uriit) . !lj'rer+ ai-i-) s+veri:af r:orsideralion-s i¡llen usinq the
vario{rs foj:irairrj of thr: reccrd *qelec'.icn expressions. IlJhenever

ieccrû-na-in,l-i is usr+ri itr is inplir:i+.1y â.srlumed rhat thç rûcord*name
nav be qualificrl vii:h ¿r 1ì11CûilD Oi'SET set--naine or REIOEÐ O!'ÀREÀ

ârecl'-rratrìe" ii iÌìây also i')e r':placed r¡itli tl-r": t¡or:d. lllCORÐ, in r¿hich ca-si.]

all r'ecor:l tl¡pes .1 r.f val: 1 f ol tiris txprersion"

fn fr:rmai-1:
If .s}:ecífie1¡ rcco-i.l-r¡ame-1 mr:st irave a 11 ataba'se key eftlal to

t-he valu': of ìr'l.elti-iic::-1" Irlen""ifier-i nusi: be declerêd as

t-y p+ Cai:ai:a sc- ke y"

rn fo¡mat-2:
lecorC-rìerlrt-2 nr u.st, llç: ,1:c1;ì,lr:rl "rrtn L0C¡1TI0ì{ }1 CDli CÄLü. ifbe

iiSTllG v.:.lucs firuS-: lla i¡e been init j-alizerl by the run- uni +-.

i,fhen recorrl ,.s tlxisi ',¡ho.se )rey vaLr:es arÊ Cuplicat-ld, the ANY

o1;tion i¡:tili'ns tir¡è i-ccorcj l¡liose dat-¿:.base key i s 1r¡'øest. The

ttPiiCÄTES opticn ret-nrns i.he nert r:ecor1:l iollot.linq the
:--rlrrcIr t I*cof:1 .
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In fo;:lrrat-3:
'ih= st-_l,r,,ci:t:i ii,:col11 h:lts -ijr.J siìlll.e type as the ciiireni r:ecord of

sct-llene- i ;lrìil ilitl coni:cn ¡:s cf ai1 ::einei-t ideniif iers are
equal in 'Lh¡. sei:ct-e,Ì r:ecor{1 and the cr:rren'i- recorcì sf
sef,- na ne- 'l ,

In fo::na'i-l-i:
l"Jhen r.lcioL-ri-Iìaináì-3 i,; L:s,:,1 in ii-s irrl1-ì¡.1ifi:I forn the select-ion

is e.<eculeii usrng the current of reccrd t.y¡re d.aiairase key
value" fr: e¿rch ¡f th¡: o¡:r-ional-îcrmrs records arr:::efate.l ily
latai-.a se ke y. The iìllXT rr:cord. is t he recoril ''¡ith the next
iriqhest ila-tal'ase key" Thc pRIOR recor1,l i"s the recorLl witÌ:
tlie next Io-,¡esl ilataìrase k+y"

In foimat-5:
Thc rìcoîil se'l i,.c-'e ,l i:; citr-i:ent or sef_u areay recorrl-tìaint 1)r

ltiln-ut'ii-t, fiir,:n ¡:r:cci,'11 -nail,:-'+ is qualified. the;r *r.-he record
.seiect¡:d l+ill- b:: cilrrent- of the qualified sÊt- cr aL-ea, lühen

nolltì of t.ire o¡lt.ì olt:; is 'irres¡nt-e ri the record selec+-ed is
culi:eltt- of run-un-i i-"

fn forrnai-6:
S¡:t*narne-3 ui:st nill i:e si;rqrl_¡rr"

In fornai.-7:
lhe iärri:.tifi=rs; l,¡us1- be defined --c be part r:f record-nane-5

r+liich nus'i. bc 11nall-f -ied by a set-rârìÊ " Tf 'l,IITiIIì{ CUFRENT is
cnâ^r 1r,1,1 Li'i.-'11 iecoid-naile- 5 is a inenber of tha set
fJCCUltrencij fn "¡hiciL the crr::renl: recorû cf the set,;ype is a

nemi;er. i.ih':ln i'lrrl{rÌ\ clltRE\lr is no*,- specifie¡1 tìien t.he set
cccuirencij ccntain.i ni; ri:corr,l.-nâtlie-5 as a ne ttber nust be
sel::ctec usì nrtr the se.r seìect-icn crit-eria sp3cificri for the
qlaiiryinil sel t"yf)e" iìiron USING is specified ihe irlentifiers
iltlsl- be intializeil in tirc uiiA reccrrl area by tlie fun-unit.
Thcy are ne-Lc¡i+{.i to t¡r:: record selected i:y thi} G,!B I'ls to
1oc¡l i-e the, ccrr(ìc+- Ieüord cccujtrenct. ?he search and
olil*rilt¡ j-nfcrrnatj-on ciecl¿rre11 in the sch.na is userl in
s:ieclinil i-he apirrlpriale reccrrl occurr-Õnce" ¡Jiren no USING

clalse aFÞçais i-he 1ci;icaLly crCered firsi nernber reccrd
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'{--cìt:il{.iiìc* 
o;t iilË: s..:l Êcj:.tir, :iE+- occr.lrT-ence is returneä,
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i, Äli uii A i, E

5" 4 " 1 " ?. FIl,l) Ccrnr¿,,Liriì

i he I I )i ji c: o iìì itì ã n,j i "s illìl; ri. i. rt

tccilru cilc\l asì ar/ai i,riiÌ'.: loi: ..;r)b:lcrìililtì t
occrìr:rcnce bcccirìrì:s cuì:IlÌìt cf Lìltì-unit,"

F f lìl re c () c,i - s e 1 ¡: c i- i o l: - l.)a F i* f ri s --L o l
+-

e:;ta b 1i-sh

-^i,,-lJ!u\-Ç^):riìì\j Þ

P J\G T 3I;

:ì q:l:41 11 - rc¡nrrl

Tlr: s¡:l.r:c:ed. recr>rd

; R I TÄ I ]iîï G CIJrr;E IN C]l

+- -+

i'ihen iìETÀINTÌ\í(ì is rìct sÌrecifieo -.he r€,coi:d seiected i:ecome-s

curreÌìt- Ðf ru:l-unit-o L'ccoltrl t_vpe, area name, anil set type" The

:lETÄIIIÌ'iiË; ùpj-,ion ail co,;s the r-uiì-u:ii.t Lo suppress the nodi:ication of
cìlrreIìcy loca.i-ions" Tir,l si;ecial r+rqisters DliTÀtsASl1-ÀRE¡r-ì{Ài'l I and
DA'Ìi\3À:iI-1.:C08lJ-NAä1 airil lc¡iilei'ì r.;ì¡¡ thc a.ssocia'Leil ar:a ¿rn'J recr¡rd
iÌeile oÍ rIe s*'l ccli:t reücï,J. ccr:rìrrence.

Tie i'îlllÐ ccrnman,.i erÌsures thar the st:1ecterl record occiirrence is
ill p.cnii.or,:i. utoti::" À *^.nfr1 Íì,ly har¡tt jtrc\riously beeu pui :-ntc e,'rtended
noi¡ito::cd noC,¡ lr'1 ç:ì.-{rlcr:t-ion cf a i(ilnP; cthelçis,: i+. i:; prit intc
nr:ni+or€rl inode"

-'¡" 4" 1 " -i REI'lCÌilTT0iì co¡nmanrl

The RIiIOÌ'iITli coninan'f is ilsed br¡ e run-rrnit, to ensure t-hai- al-I
r:ecords rÊquired are:.n ncni-ì-orÊii. or extenderi mo:ri'ucrod. n.ìoCe. If t-he

cp.-'.'raiion is rlnsrce.ssful a st-atus indicator is set" REllOiJTTORinq

coÌìcâ1.rt-ttally involves the +nd-i nt; ';f lnolli toreil or extenrle'1 mo¡r'i tor node
f or eacli rscor'l sc. l-cct-ed âiid the irne ¡1 i af-e L-e-rl stablishment of
noni't-cre¡l or exte:idcii irrcnir--cr-r:r1 nori.e ior rn<: same recorC.

-+
iì itiic ilrTOî

2

FCiI

+-
I r rsCOi
+.-

.1RllÀ
(-s ltT u

(:;cl-n¿rr.e'--ì

F lCO ÌìD

+- -+
I qct-n¡rno.-? I
| î.J'..,' â ¡ Ð ¡+- -+

t-
I liLL
I

li'rcor- j-cani:-1
+-

L-nam.-;i. " " I
-+ -+

i"lhr:n Ai.i is slrecifierl lhr:n al.1 recorils
ext-',:nil +d mclij:ore'-i mo,ie exce¡:t the current
rÊcord-rrane lisi i s qirr,::n the n liies+ recorcs

.n¡lii-ch are irr inonitored cr
rccorC are selected. ff a

ui th trr,. ÈYr--ântion of the...rrv-_ì.
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íjÌt:-ll,:llt- recOril arr seir:Cl.--i1 . liht.it ne.i t-hcr ALI OI a r-ecoid list app"àrS
--Ìt-= cl;:tliI*- i:co::d is sl.;-l-ec1--c':1 "

1'}'rn:r:c r¡u::t bt ¿l r-. I east ciìe recor,.l cccurrencÈ availabl-e f cr each

sll,:clcl ¡:'.:co:-d. ii ¿iil se I í:¡c'r-,lii re corås ailÐ nc'l i n nonit-cr€,.1 or
+xtenri:,j. ilc'liitor,¿il nc,lc liien i-it+ ijEilCii l-IOI i¿rils ard a :ìtat-us
inCicatcr i.s set.

':" 4" 1 " 4 (EE? cclnn¡ilil
TÌrr KIFp coiiiila¡:ri causcs t-he cu.rient record to be ¡:ttt into

extend ld iitcnif ore'l ni<¡C::.

K E-EP

5" 1" 1 " 5 iriìLiI cctii m;iir"

Tire lTRili Coirì ÌtâiìL-r i-^s ilsr:t1 to ltÊnìrl1,¡e one cr mcL-e rccorås fronr

ext-r:rC r,i noni+-ore,i nocle"

<ÀLn
<++)

FFXE (r':cord-laln':- i I o l,i;ccr,,i'-ìlane-2 I - " . >

fI A,iL is t]s-r¡ri t.he;l all ::+coriis in extenCcd ncnitorr'-,,3 ilode except
.-he crrrre¡t recc¡rd ere select,¡'l ôn:1 fr:+icd, iùhc: n a recorrl-lìame lis+,- is
qn,r,^j Fic¡ì +iì¿.lIl only lhe spaCifi*11 rCcords anri nOt the Citrrelìt record
are selecl-ed, The r: nLr^st be at 1ea.s{: ori ? occurience oi each selecLed
r:ccrd or rlo reccril ís free''i"
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r: ',r rF ,.1 ll n T tr r,¡ A;f tl\r.rt ? ,'v'.rL! L I

.r,- ì-+ À .-+^-^1ir.r(:iL : .Liri¿,lui.J!-

The foui:
5 T rl lì ìl it r,¡ .J-:L d .l

inriivi,lual l:co¡

5.4. 2 ili¡coir.i i'ianiprt,l-alicn Connancls

jl?Ccl:ri nani pula'i:r c.rn Ccninanr'J."s llR;1 -3-:,

tiie ca.Dabilitll io 11 e"r'.':te, re+"riëvìr
t,-

t"4" 2. 1 XR;ìSE Ccrnnand

The Ini!SE contnand

írc,:irr ihe r1 ¡rtabase"
is u:;¡:ci trJ lor¡ical ly f e rìovÊ s'.:lecte'3 recorils

+- -+
1; 1qn | :.:r¡r¡¡'¡l-rr;lll¡ |

I r! \"vr \¡+- -+
:.1 l1 r"1 B li il s

R¡:coÌl'1-n¡ìrìí:r nr 'ìst bt: "-he curreirl recorrL cf tìln-unit" It is
pl-â-selecr--.ti iri:-h a FiliD ccirrrranrl , T:he à.Èâs con-i-eininq all- selected
lacords nll:.ì.i- bc i'rì¿iri.ier1 iloi ui:d,aic. Àr€as coil+.aiiring ic.eniifiers u,se11

-i tr ..,ìiÈ calculati on ¡:l- t\CTUÀj, lìllslli,T ilata ire tns nust alsr¡ be opene'f, fr¡r
uÐ,1 ;l+.ír, ît- is ''-hc r'3sp{lil:;iirii rl--ï cf f-r¡e rìlil-unit tc ensure thai- the
sìlil-sch':m¿r specii-ir:s tÌr: cofi'(ìcï ia ccGS"ç cont.rol'

1'he citrurltì'i r-ccc¡-i'L ì s -l-oqi ç¿11.¡ renove il f rc:n th,: i1 atab¿rse and is
not loncicr- ¡rvail-ahlc rn a FIi{Ð " Tf ne:i.tirer pERi'1?rl{E}JT' SE.LECTM nor
AiL is s¡r;:cified r.h.en i-iie cili:r:¡ìnt r:ccorrì riay not. be tl'ie ol,iner of a set
occtlrr'encê ccrlr.al-irinq ar:iy ilcni:i::: reccrli cccurreÌìces. If PERi'lÄNfliT is
speciired the li *-.arJh I{lìüDÀTORY ur:nr bi:r' of a .ie'" cccilrience f oiln¡hich {:he

cullrerìt- l-rlûol-cl is o'rJrr€r recursive 1y he comes cLirrcì)t and is ERASEd fron
the 'aì-all;,rse. CIìTíCNÀL n+:nb:r ieccr,l occurrences are ÐISCONì'IECTeC f¡om

the set occurrerìce but- rro+u IBA:iEd, II SELir.'iTiI/E is spccifieC. then:ac}t
OPT,Iílì{¡11 ilt':nlliir rÈcort-ì occuirciice of the set cccr-irrence'øhÍci¿ is not a

n-ernhel recoirl occiìrrenc,3 i n any olher sr:.i, cccurrence i s ERASEd. ALL

s peciti.:s t-ha +; t"he currellt- recor.d is loqica 1ly rÉ)Inovetl from t-ìre

databas+ anil all- inrì ili)eiì iêcot:rl ccctrrrrrnces of .set occur::encÊs for
'¿hicli thi: currcni reüor.l i.s crru.el: arr¿ l<¡gj-ca1ly removed f.lom lhe
d al- aba se .

I: a ll sr:le c*rÊd. recorCji c,lnrtot he delet,:rl or rlisccnnecteci l-hen no

ïrìcori1 ..-i åltÊ af i+ct.c,.1 " The cLirrel:t of ::lln-un'ì -' is nul I oD coír.pletion of
t lie llüÄ jj¿l 

"

i- -+
I P EÌi l{/i l{E¡iT i
I :ìELECTIVII IIAI,L I+- -+

lririnr; í-rxccìtî-iot cr the EÎ¡\:iIJ connanri the srrbs-â(Juently currenl
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re-.acrìíi afil no-.- av¡-riial:le tc cor,cli.r:ilËntly cxÊcrrtinq rìllì-Ilniî-s,

't.'4 " 2 "'2 ci li f coninia ncì

The GIT coi:l t,.i,rl,il c,-!ìlse:l ,iar-a ii.*ili',; ircrl a Cat¿base L-Êcrlrd, or an

rjn"ir.: äatabcrse I:+c1rri, tc i:e rei- jl j-'.:i¡erl into 'i ts e:-ìsociate r'?cci:i j'f Êe

l-n tte U;11ì"

+- +- -+ -+
G.IT 

f l,ient irier- 1 l:.,1criif rer:-2 | " -:l

The recoiil to be accûssci1 nust f irst have been thr: cb -iect cf a

lI|1 ll aild j:il the curreni i e,cor,.1 .

Fj:ren nc irtr:ntifier list is qiveno or the icientifier Iist is a

ri:co::ri-naÌne" rli€'n thi: en.i-i. l:.,: ctiir-ent tecord is nade availabla in l:he

rl'dA" ilir€n th¡': id¡rtijli,:r list is sp{:tcifi¡C all- iden-'ifie::s nrl.st- be

d'*:fin:,1 a,s part of 'tho cu:ren1- rec;oct1 . Onlr¿ t-hat tl3+"a expl-ici*."1y nalnecl

i:,; t-ran¡;i':llr--t1 u all otl:r.'r: dal;r i';ottis renain unchanled.
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al tcr t hc con+- e nt of one or ncre

chaîl .qe t,h€ s+t l[enb{:rshi¡-i of the

r{Ei.1ÌSnlsHIP

î- ()

f.o

3 i'! í) DT ll'í c cïl Ìll a i-, d

!"è iiÛlIÎY ccfill'ûiìa,1 i-s

ite ils j t: a recort-î' at

r: lt ')

l1

( ill- L
( :; <i t - n a n .:l- 'l

,7 / ¡-.rLai-a

I :U!/l-.{

<ÀtL

(sei-nane-1 -+
- n;tn.ì e- 2 I

-+

I.IG >

-+

+- -+
! :¡:{-- ¡â mè- 2 |

' _:

f-
i<i)ücLiiÐ-l+-

î-
r --^+I r ìr- :-

+-

llor-mat--2

il0DIFlf i,f eni,:f j-e'r- 1

+- -+
1 ,. åcnt if ier-2 1

+-
-+

r irc i, iJ Ð i I'li:l .'iEl{B¡nSHIrD

I

-++-

Th+ ïQCoi,l. lììust Ìl¡i¡Jij 5.i.]n t.he oiriecÌ of a FTÌiD ancl l¡e t-ìre cürrent

i:eccr11. Only íceniifi ers l¿hici, physicalll' e xist '¡ílhin the cilrrenl

recoi:il occiìrre: tìcê: may l;e nodif ieå. À::e as ccntaining ai- I recor'd's and'

r elai-_.i cnships acôf i::ssec nust br: opêlÌed f or up,lat-e "

i,lollI3Y a.nd itoDll'Y I'^,lcLiJDING ca"lse thr: ccntent- of the currênt

recor,f t<': be phys;rcaiLy rlprlai':C rn the ilatabase wit'h the ccnteltt of

ih* cuirent rr¿co¡:å {Í'crnat--1) or iij.e,nrif iers {f ormat-2) stored i¡r the

IlJ,]]-irnit. îji.¡A. l]oDIFY l]¡]LY ,joes nOt aifect t-TLe ccntelrt of any data

iteu'
i,i0ÐIFY OIILY a,nd i:'lcDTFY IllCLUlllJG callse changes in the s=t'

[ren::ersiri]-r of tìrc cr,ìl]I(-;ilt i-ecoi11. i{emilership is af,f:ct'fí1 for ALL' or

cnl-y rhe naneti setsu liascd ()Il f-he sET occu.RREi\¡cE sELECTION criteria

sÐ*ciíi.c:li lll *"Ì¡Ê sch,-:t0a aniL suìl-sciheila. The -'¡altl rì of aDplOpriate

cuL.r,3ncy l-ccat.iolls ariLl ir1 i:nti f ier an'f data ne ne v¡r'lues is used in t-he

seLíJc+,ion of a se-" occt-t-ltrrfnL-iì. Ti-rit curïlent f€cotiJ. lrecomes cu¡-rent of

s,3t- fcr a11 rotiiJ:ie'¡l srct'i"
¡1 0DIl"y c¿iuscs tlte GDl, i'ls t-o erLÍlìtêile on i.ire current iêccrd ancl ¡iake

it ,,navai}abl r: f,r.>r acc€sÍi ity cihcil co;lcuì-r,:nlly execLltinr¡ run-Units"
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+- -+
| , se+,- naae- 2l " " "+.- -+

I+-

Thr: recorfl is i.ncornolå-ue:d i-nto all sets for vhi-ci: it is an
irili:onat'i c itt+nbcr cir oi{ner. S.:*' nieini;ership is ,1..-:t.¿rmj-ne d on the !.:asis
o;: s'li :;+1,:ction at 'i ord¡:ri rrg cr:it_cr,j on specif i_ed in the schena aitd
slllr-sc ll:na "

The recoi:d ltcccn¡s t-lie; cufìtenf- recorrl" iJnl-ess; tlie RITAIi,lIl,lG
oplicn i:; usi:'l tirtt r€rcord beccnrli; cr,trrent- cf each aifected crtrreticy
locaiiali" Thî recorr'i renain,i ai¡aila.b1e to the run-irnit in the lit{il"

À ,lai-ai ¿ise key j-s all''>i:ate d to i,h¿: new recorC oÌl the i;asi:; cf
infc¡:inaticÌt suppii.:d in the r,lfTiiflJ anC LDC:1TiCN ilOÐ.8 clauses of the
:;c h er."¡a "
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.l(>
LruKAc.Ë

ÊDrloA

ÌÞ
qõßñ s

At execution time the G)BllS ha.s acces¡j to an ot;ject schenadescribintl the user database, the urìcr cbject sub-sch:ma and,re userdatabase' rn r3sponsìâ to Di'lL re'guests frcm the user ÞI.or¡ram, LogicaJ_recorrls afc cleaied and maintailted in the User I,¡ork Area. TÌ¡e rnappinC

6" 1 TNTFODUCTTON
À GDBf{s is the interface between a user and his drata" The coDAsyLGDBH' acts in response to Dt'f L ccmmands issued in respect to rogica rrecords' 'lescribed in a sub-schema DDL, to affect associated physicalrecords' .escribed in the schema DDr, in the database. Each of thecomponents of the GD'lls relates to and depen,Js upon other componentsof the GDB¡ls" rn implementing the cDBivls it is important to create thecolnponents in an order which prcvides each 

"o*oonent access to thecomponents required for its operationo 
--".-

The ilevelopment of the cDB¡,tS is best illustrateC by a sequence ofschematics illustrating the interacticn of ccrrFonents, A user submitshis proqram with it.s embcdde. DflL commands and 10gica1 record,descriptions (sub-schema) to a compiler which in turn prorruces twoobject moclules' The sub-schema object is Fassed as is to the cDBHS atexecution time" The user proqram object module, with its DI,rL commancscom¡:iled as calrs to the cD'¡,rs, is passed to a linkage editor to beconverted to load module fcrm befcre execution.
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deternines the placement of
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tlatabase" Internal

schema schema"
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The ob ject
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The object schema in this case is nerely another entry in the
schema datahase. . The ob'ject schema describing the schema Catabase is
created in a similar manner to all other object. schema. Before the
original object schema is created it is n€cessary tc hand code the
object schena structure intc the schema ccnpiler.

94

S¿ t+erÁ
çt6¡pr uÊÊ

út

S¿fleñ/t
ìrÆ1A/,,qçE

I{hen all
DML comman,ìs.

is identical"

cl-lior: i' qr--h cnr.¡ exr_st s
nr-.-^:^^ì ^-r loqicalr¡¡ y>rucrJL :1l.t(l

'i q i+ r.ìc'<il^lo

cr:qanjzaticn c

to use th-o GDBtIS and

f the schema database
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6"2 I lrpie r¡e riatlon ?1¿i::

À:,; Ðiìrt rsf, ihj.s r:-hes:s a pl-ari rcr t1-le impleineniaf.-iorl of lhe
COD,lSvi splc:-i'ic;L'.-ic, n is .ì.¿r¡el clle rì. Tî¡ e -inple neniai-iol-l usÐs the
'lr;fr-rsl-atof î,,iri¡-iirg Slrs',-€n {iüS) lle'¡eicped anC impli:inenteC. }ry i"lrl-Iiam

ll" I'lci{erÌman, ,JanÊs J, ilorlrlg al,i Davi-11 B" l¡iort.i'¡an and. morlÍfi:;1 an,j

ir¡ple¡reniei'l ai t-irc lini'¡ersi'.y .f il ,ini icha by Ere ii'; D, Beach"

A biief ili:scrie'j:icn of +-he TliS is i-ilclrld.eil here to provi,le
1- .. ^ '. ,-.- ^,, - .t ii,o.ur9r u,rr:r -oI th,: inpl:tl:ll*L,l:-:- cn ltlicltatlisr, Iire Ír>llcuin:¡ r-:xcerpt

fron À Conpiler G¿:neiaì:o;o a tcxt. arl+-horeC by ihe r1 evelop.:l-s of the
Ti,iSr il r:', :;cr:-bes tiri: cor:ììlonetrt:.; of the 5-7.steni

Our T:{S utiiizc:s the };ri:"guaqÉr Xl?i (a ,lialeci of PL//T), for ihe
11 ¡,:scrip-"ion oÍ piogt¡ìnsr :l.nd +.he ne+-alanquì.le Backus-Na'.lr Form

{Blif) o for the ilesci-in*ion r¡f lanquaqes. il' consiS'r,s oj three
lrr'ì Irc i-r¡¿: I corlÌ)/)irlt::ì:

1. ÄìiÀLYZilrl , a tran.sl at.cr f ::on ill.JI i¡lt.c syntax tai:Le s, r.¡hicli

a re i.lstri i n

2., SKXLill'0I'i r d i-ablc-ilr-ir¡¡¡ r¡ri)t--c-ccnpiLerl iÍritt+n in XPL,

l.{iiich i+iren suT:ìriir:ñ uith syntax taales anil sui-t.able
s+in,int ic f oì-11--in,:,s jna../ he ccnpiled hy

3. XC0i.1u a 'l- la;is-1 ator f icri XllL to -5yst-e n/36 0 nachine cocle"
r-he TliS h¡rs i,¡o ür -ì--i¡¡; adv¡,urta,¡r;s cver ili-::ect- irplenentaticn of the
'-r'r's-r' Fr F-¿, +-he synï-.l.'t can be rle brrqqcrl {ìny inconsisti-:ncies in thelr y il :-L1 4. M:r i

synt.ax ,1 r:e il¿tÊcr.ìd by .\lrlÀLYZE!. - befor-: ccrlinq any senan*"ì c routines"
C!:anqes j-n t-he graÌnm.rl- arê i<:aCì-ly inccrpcrai.erl into t-he Bi{F

Cescripi-icn cf the granme r, of -,-en with minirnal changes tc the se mantic
roLlr-ines of SKllLllT0li. .Sccol{" ',r::itin<¡ the syntax in BNF breaks t}:.e
svnt.ax i nt.o loqiç31 unj-f"s" i:r ili.f 

^-LYZEiì 
the se nantic ¡cutines wilich a

progì:aÌnnìer uriì:es coirt+si:onrì io rlie piorluction rules of ih: grailì ner
ci,lfin::d in BlrlF. Synla-uic uriis d.ilÉj prÊ-sented to thc f,rogr.ainmor in a

slacii" Onlr¡.r:;mail pa!-i- of lh:: tctal syntax neel be consi¡lered at. any

time. Th,¡ s).¡r.stcÍì tcr-ces mcJ.ular .proqreilr mì-ngu sinc: the p::c{ilction
rulils de.f ine t h+ syn ia x as a :reqÌ1.e 1ìc€ cf li:qical nr:d.itl .=s"

Ihe lr:lpf.fnJni-a+.ion plan iet-ai-l-s in bcit,cm up fashion th+ si-eÞs in
imt,'lcm,:lttíiìq ì:h<¡ scterma''.ic ci:tl-ine presented in the introduction"

1. Def inc in BliF Lhe svntax. cf th,: schema Data De:;c::iption
tani¡u.aqe (DDt),
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2" Ð;:irn+ ':. r1ata :;r::uc"j-ure tc ccn i-¿rin the inf,crmation in a

scirê lra,ls': scri- pi-i c¡:..

3" Inpl-;nc.rìt tht ^semâilt,i c rour-i¡rcs anC ilodi:'¡ SKillllTOl'¡ to accept-
thc scLren¿i DilI- .ìs ilrÌ:rtii-" ìiuiI;l +"hre iiat,a sirrlclule of {2) as

oirtuut. ?he s;e-'- re laticrsirips in the rl¿rtai:ase ini:st b: hand

ccrierl in ',-lic s1-¡:uctur,': ìe f inibiorrs" I'iame tire proqrarn lÐLt/1"
4" Ð*fine, u:;j,nq t.hc ::cirerna DÐL, a database -'.¡hicil has the

structure of (2) " Froc.:ss t-i:is schena an,J nane tÌre outi:ut
iatal¡ase SCHFi'ih 1" 5CiJEi,lÀ 1 is a latebasr-= contai ni nq an cbiect
descripiion of t-l-re scirenia Cata-base"

5. Dr:f i-iir in Bl\iF 
"lie 

syntax of a f crm of the CODASYL Ðata
i'lani pulatíon Larrqua(j.l (Di']t) "

6" Implen.r.i:ìt ''-]re seinirlt-ic rculines ar:,i incrlify Si{EtETíl}l to accept
'lhe DiiL con:n.:.n¡1 :: as ì npnt. Tlie Di'lL conmand.s operate on the
scl¡erna 'la--ab¡rlse usi n<l SCHltl,l À'1 iì.s the cÌ¡ ject. version of the
schena and sub-sicilcri a,

7 * i'l c1i f y ûli,V 1 zc u)irr Di'iLV 1 :rri,l priliuc'.¡ a n€-jìd oi: ject veision of
'i:ì'ic. scbana f lcn a n,ti{ sclìÊnìa rr.rrit:e n in the schen'.a ÐDL. The

.se'r- r:el at,i cirshíìrs .l"re est,airli:;he C f ron thosc d+f in¡:i1 in
I'ian= tÌlc. ncr,I DJ-cÇtcìn l)DL\¡2e and the ne'v¿ da'rabase

SCiiEi/i42. SC illlÌ\i;\2 contain:; the ob ject schema f cr the scheina

rlat¿rl,'ase" D¡1V2 ìr.siè.s Ì,hi s oì: ject scireina lo store ob jeci
.scii*ma f or iisilr ,lai-a'ra.ses i n f,h: schema database.

B" i)ef i ne in illlir a sub-sch:na 'n'hich a1loi¡s the '1+claraiir:n of
rlata iten :s:nsitivity (ie Ca'',â itenis from the schema known

lo ih+ rurr'*unit) u syîonyins (ie ne'dr names fcr data itens in
i.he sci-Lena) o anrl ciraracieri.s*,ics (ie all Ca-ta item:ì are
assumoLl chai:act-.er but- -len'¡i-ho ,;caling and cütput fornats arê
Ce f inai:li:) "

()" l,lri te srÌmani:-c rout-iiics a¡:rl inodiÎy Si{ELETON t-o qene:at-e an

ob jec'. r¡eïsi cn i:f -.-h€ sub-scheina usinq the schema anC.

suh-scli+rna int r:r--re lai j.onshi ps.

10. ilefine in B)lF a iìr)n-pnoc:dural languai¡e ''¿hicir aliows access
1-o a ci¿rtal:ase'lerineil ',,'itir a use:: sub-sch3ae"

11" i,,liit.-i silnarrt-ic ¡outini:s ¡ind modif y Si{ LEToN to c¡enerat-e Df I
crilrnanilsy irom .-hc non-proccrluraJ lanquaqeu which can be
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concr.lrrÊnt execrìtÍorr of
n o;: - p L cc:.1 rr r il ian .;:ia,; e

6.3 Suürnary of i,Jo:-k Ccnnlei-¡:i1
Tir,: schFnìa llDL is iLr:j.ii:ci1 -i n B¡if antl thc dat-a struciure to

r--ontain t-he oi:j=ct- :schema is definerl" Ti-ris data strncture is hanC

coded inr': DÐLV1 and a schem.a descript-ion in tne schema DDL is
r^¡rili:en. Tliis descrip"'l;--ì on ira"s haen F)rocesseri by DDLV 1 and loadad into
SCI-lIr!Ä 1" ]DLVl checks :or sl"iitax errors in the DDL and for nís"sinq
íde:tifíersu but nany of tlre F.Jssjible inco¡lsistencies r¿hich can occur
in ',-he tle Einition âre not d::i-ecte 11" Justif,icaticn f;or this is the f act
thar- exÌ.ensj.ve validiry chc:cltinq is a ïery teoiorrs fr-rnction an,l *.-.he

codin'; nust- l::c rerlone irir.en Di"l LV1 j-s hrj-t!Li)Ir" Fcr this re¿l.son ba:;ì-caI1y
correci- inpr-i'L is assurä,ed fci ì:hc first schei¡.a rlefinition" tihen i.he Ð1,1L

colì: Iìl¿tlì iiì ,ìt:. l;rpl? rr,rtr ì l ii: r)ìi oi +ìte r:hccicilig is siirtplif ic-,ri Lhrcuqh
lhet r.lse oi Di"lL ccinnancl:;" Th:: D;rrl- is CeiineC in BN-I" TlLror:qhol-it t-he

coirir:ie cî tlre *'h':sis the :oilllliYL definiiion ()€, thÐ Di4L coinmanrls

unJ+r!'citr- :L'o ';ta jor r-i:vi:;ic;:s" Thr: prcsrlrrt iìlsccipticn ìpirÐårs to be

alnost th;. fi-na1 vel:;:l-cn"'Iire ûNF rlr:s;cripticn applies t-o tire cLlrrent
d,:scri-ption"

A,pcell,lj-x B corrtairr j:ìie Bl\l i
data st.r:rcture ùefined for t-he scÌr

sLaì:ement.s ;:lr:e inclrrcie* in Àppeirr'1ix

il'1lc dataliasr i-s t-i:eated ãs

,iecoràs ar€) rcfer,or:rc¿:¡j lry re l¡itive byte a,l 4ress (iìBA). f/O routines
conl¡ert the BIIA into a bl or:k and. dis¡.rlacement aiCress" The f ite is
acccsscrl usiiiq the L:.lSic Dir+ct Àcccss l4e-çhoil øhich a.llo-v¡s <iirecr
accrtss j:.o il- r:e lative blcck nriinbei" Tc slnplif y spac ] rnana?ernent all
i,locks art.r f ixe C. in -]-e1qi,h" Logi ç¿1 recor,is ilìay be any lengt-h,
inclurli-:-lg {-lr:at,r:r i}iall tÌ:c pirysical jrlock }ength"

? ilc rlatabas'-. ke y is e seqir.erìtial nunb:r aLlocatel -uo r.:corCs as
+har¡ ã-,:'ln'r,l-_rri. t\ iabie, ilaintainC.l ,o'it"h t_he databaSe SChema, felateS
La+.abar:* l<e ys t o ¡i IlÀ" Th j s all-or+s recor'1 s to be moveri. ',¡ithi- n t-he

C¡f-¡:i:asc r,rith r'¡inirnal CiÍ,ficuity" only t-he DÄTÀts,ASE KEY-RIIA table need

lr-scríptions of the sche na DDL" The
;:rnâ d ai:aìrase â rlrl the associ ate 'l DDL

R

a virJ:ua1 ai'iless spactsl. All data
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Ì:e nc1ific,l" Äi1 ir{rcírì*.;t-s iÕ:: ::ec;n iìs irr¡sr. be fÊsolva'nle to a 1ist. af
C.atahas,a keys"

Tr,r1çxinq i¿it-iriri --irc r-ì,rJ.-abase is clole u^sin.I aiì inr¡err-t:d lisl cf
il;,,ì',-.âhås.: kiys* lJrl faci'l-iz.y i: picvideJ. Íor'üse cf tha índcxed access

neÍ-ìro,l ,: oi l-iie coc;letinii syl;r?rrì.
i\ cir.:i:r:..¡qil! l-,roryjiÌIr has bc,:en '.llit+-i:n wlich procijsses i,he schenta

ii¿.r.i:abase aüC rec!-.cc!tr:s i-ht,: l)DL st-a.t-i¡mç:nt:: r:sc,,1 +-c c¡eate the ob j=ct
scli:rra" Tlr:s i)rcqi:ai'r l,¡il. I evîn:-ir.iIl y i:e ;ncijif ic,l to pro'1 uca a granhic
-,¡i:'ø ¡î the clat-¡¡ sir"ucturers Ccili¡lcd by t.ho scheina" Al online version
of thrs')L-Jgtarflr;¡lriclr ¿cril:ì:r'iÍì r)sjr:,Ìarar:as:sn i.; v:ry ìlscfrtl to the
Data iJase Àrlininist::at,or' (it;ì) atl--eilÌriiilq to ,iefin: optimal SET

OCCUillì ltir'lCit SËLRC'ITûrì c¡rteria.

fs" 4 I :',:rp1e n{rniat-ion Col si ilclat ioi-l:
lfh:¡ CoDASiIL spe,cificatic:r is ii:'siqned to be iinplementeil. cn

curri:ni liaicllt'eri: L:::inr¡ ci:r.r-*eiit:ìÒ1:rHarc, À pr-lrnary intent of È-he task
grolrp i:; ¡he :iÐccifica.Lioli r'¡f a sirslen whj-cìr can lìc!r i:e accep'Lerlo

impiemr:nt+:,lu all- provirì,s a st-¿inrlarri for c.ata d,elinilion an,L access.
One tonic t,hat. thc lepo¡:t fairs to arjrLres,; in sriffici.:nt derail, t<:

4,ir.-:ct i-nrle n+ritors, .i-s the crïea of d¡rta inlegrity"
Tirr: il¡'t-eq::ily of rl¿rt¿ c--ûiì i:e afl.ectei:l c1 i:::-ctly th::oui¡ir aa'ta lo:;s

or xr.ore ;ìui:+, 1y t-h::cuqh the iniera.cticn cf ccllcurrrntiy tl x3cu-'ing
run-units, Da+ca can i,.r- lost.:

1" as the result cf an rxterral r1 estiuction of- sofiìe or aIl of
t,hil dala on iì t¡olune. (î-/o error on vcltrne), or

2. as t.he resul'. of alì e.{ti?.riìaIly caused terniriation of a

lrutr-unit ¿-ixÊcuf-i ¡q ¡iÌì' i]pd¿lt-e orrerat ion, ct:

"3" as tire resrrlt of- Ërrors in the input. '1ata cr run-",rnit
pr:oce.irires, 'whì-ch ceu,se incor::ec't- up'Jate ope::at.ions to be

cxccut-e¡J aqainst, the dataliase"
The Gìill,iS nacLairi sn :or iecov:rinq frcni 11 ata 1os,:; involves t-he

perio,lic dri¡¡nitlg of tire eliti r¿ Cal:aba:;e -,-o hacktrp stcr;ì(J: volunes anC

t-h- inai lr-elance of a ruìl-ti;n¡ lol of all sy"stem act-ivities" The loq
r:oni-ai ns J:e fore ,r::ii af tel imiiqes oi e ach Ca-Labase reccrrl involveC in
an up;iate opcratj-on" In a ',ìai-¡r ccr0inrrnjcat-icns enviionmenl-, al-1 input
'Lr;ìns;1cf--i o¡rs a-ro al-so liliJqç',1" Checki;oint inf ornat ion is logr¡e'1 t-Õ
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a.J-1,.:'or wcìf:fi :;t,ar':-i¡:i.J of trl.tì-llili.-l,s actir¡e al i:he iiin,,: of a systen
f ¿li ,l:rrs. Tl.:ç-l rliì- iilì1i-ij ¡lr.t u¿iriir st arrç:,1 aJ- e ¡:ciit'" il i-iin,: ¡rrior to
any ilat¿r los¡:;" lllhe i:eicìrr.: i:n¿,i¿le:; ,rlLcç tl-l'r d.atabase -uÐ be

r,ìrì:L-uclttfc. l "

Pl:esiln+" ii ai'':lt¿air-r is aiuays aj:l-e tc c,lüìl 1e+"Ê ac-r-ive T/O operations
i:lefol<; ih<¡ .systen is totalì-y quìesced" 'Ihi:; iinpl:-es tha+, abnormal
:-ermin¿rtion cf a run-un it o¡- the-: GIIBi'lS r+ill nc: caus: a ¡ra::tially
'upCaterl ni:Lysícal reccrd tcl be stor€t in ths datarf,asÊ, Ther.efore u T/O

crLors shoul'.1 noi i:e qene rat,:,1 as a îesult- of a s ysten f ailure,
ConcurrentLy e:i3cut,irrq l--u.Ìì-uni ts can ¡:oienij-al. ly cause -ille

ini-:qr:ity of. dala to.û€ viclat-eC" There are'T:r¡c situations in which

iniegr:irV iììay be ¡lffecl.:d:
1, R¡:trieva-1, witli concurrqn+- ilp:1at-e ¡rnd

2" llntl¿rlr: wir-h corcurren-i ur:date"
il€ .l:fine t'u;c l-yp'ls of i:.rtr:qrlt-y violaiions: loqical an,1

pfrysícaj, Lor;ic:-rl vicla*"iclis occr.tr \+'h-ati ô. run-iini'" À îrrocÊsses a ^set
or¡eir {-i ni-' a ni1 ¿ì:i ye {: iiiì IJrJC':ss€ti rccord s aire moåiiieå by a conct:r¡:ent
ru¡r-llnit il" ärirc ilfo::nai:lo¡'l 'ii:riv:i1 ]¡y A can ]re saiù to'::e Iogically
i .c'rr.nr'* .ince it ,l.oi: s noi.- ::¡:f I e ct iire st-atus of. the set at any
i;isl¿-rr-,t in liin¡:. .5rippo.se ri::i-rlliit- i{ :-:; accossing íà set containing
nrn,l ,rcf -! rn inicrna.tion lox -i-rr'jivirlual emplCyeeS and prO1Lucing a report
strowinil t-,hc ploåuctrvi*.v 1:,¡ Cate cf seleci-ed employees" Rr:n-ilnit B is
ô1rn-rrr-ront'lrz aCt_ir¡e ín i1p.]al_C ttOile ,nlOCifying lhe cfOãUCi.-iOn Cata ,¡itiig ! ! \-. ¡! ]- ¿ ì

guality ccnt.rol r:-ji.-c+. iltlc::nal'ì on" If ruü-rrnil À is proilucing salary
and Ðrono'uicn r(jcorrì flêr',dai-ions has;erl on the infcrmaticn in the seto
rh¿'n c.mrlnr¡,¡os v¡itosE recofrls have nnt Ì:een affecieC by fun-rrnit_ jl have

an un f air ad vantaqr:.
Phys ir-'a'i int-i:qri ry viol-a-'-ions may occur when the Catabase is

bcin.q acc+ssed. concui:r'r¡ntly by mcfÊ t.han cne rurÌ-unit, one or rîorè of
l+nicli ,1rÈ rrildete Jlr-ocr-sse.s. Suij.uose rr.tn-unit A re'Lriêr.¡i:r; recoi:,1 R1 and

rLc,-iifi.es i-,- 1:y erriilir:q i10û l-o the saIall'" Àf t,.:r the retrieval- biit
beror:e tiro recoril ís ra'¡iittcl .Ìtì-rl-uilir E re-trier¡es È-h,e sai-ùe1 ::eccr,L R'l

and ðecreas¡:s the saJ-aly i;v:,!5ü" 3efore rur-unit B reurile.s ihe record
rr1 n-unii- A r*r,r::ìtes the updaterl il 1" iihen run-unit B suirseqilenily
re',¡ri-tes R1 the salary valui: ha.r bÉjíln il.ecremelltcrl l;y lfi50 rather t.han

the coilect Í,50 i ncrenert.
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iìoth cf rhcsc ìnir'qrit-,v s'irueticns cccÌr treiucnrly ,,,¡hen

nuiti-'iselt ¿icci::.i:i t.o ¿r lat¿r-ba:.;a: is al-lcu'e,:" Th'ì sinplest and least
acccptarle scl ttti c,rr tÕ boì:-l: -i-nt.-r.;r'íty proi:leinr.; is io disal_1ov tÌ¿e

^';i illltlt,,rlirli.ì:,- ¡..,xilcìlj-i oti cf- íìIì '.lpd¿iie f ìrn-ulril. i¡ith any oÌ.h¿:r-' uun-unit,
?he COÐi'illlil Gilili:iS pr<;v.i ic:s f o:: ih,.-' soecif icatioil oi i:xcll¡;j,ve cont¡ol
ovíJr il. Ìlllini:el: of sc't.:; cr ar3¿ìsj. rlxclusi-ve ccntrol- cån qi,Jt'tifi-cantly
rsdilce t-ire availaÌliJ-iiy 6i ¡1 ata r"rhen sets are stcred ov-âr several
ìte1s in t--ì ] tlä',ab.rsr . I si:qle i:rìn-'1 ¡i t :neV eri¡ctir¡cl-y illock acc?.ss

'-c til: +nii¡e ìai:aba.sc"

To avoi d tìie tlea,iLock ;;ilua'.iorl .¡here tl'lc rr.ln-units requ-o:ìl
i¡xclusive control cf i1 iffe::ent areas anri t.hen cni: requests accesís tc
;ln at-ea und.cr e xcl Lisi¡¡e çç¡.f-ro1 of ancl.he: rìrn*unit " all usaqe ncde
reques+-s l¡t us+- be qiveil as ihe fir-sr- ccnnailr1s af the rL1 n-rinit.

r1 better sol-iit-ic;r t-o r-h¡: locJjcal ir-rê.lrit-y viclaricn problem is
¡rr"rssibicr j-f a ti nir: stann i..; i-ur:Irir.ied. i',ith each nhr¿sical reco::d" l,¡'iren a

rrrn..uníi i-.e q j n:: e"{i--ìcutiroìl i-: sirc,:íf ies uhether all recorrls rei-rieveo
:;irouli refiect- r'r',:¿ sta+-,: ¿ri lttlji-rtni',- i¡ritiaticlt cr shr:ulrl be the nost
cul r.jJ:ìt- veîsiori s" î'i l,oqical intcqri+-y is nol a coiìcetn tnen oÌìlv
phy:;i ca-l- inieci:ii-y nlust- -ne cc¡ltsi-c1ereC "

Recorils -l ns,si,t.r¡ii oi- 11 el ete:d iì.r:e nariiel i,¡if-h an ins'e:: T/û+lete time
r:itaiiìp" Recc¡-'1s ¿lij'itd ¿ifter fun*r:lit initiaticn l+i1l not he retrieved.
1i:corCs ,l+1ct':d aití-:ïr rlrn-u¡ii t. rnil--iat-ion r+rl1 i:e retriev¡¿rl" Recoril
modir-icatir--i"l is trea.ie.,:i as a ,ieleleo í¡:sert se{TueÌLce"

li garhaq* coil'eclì o:t rìln-unit-, "lhich executes concurrently with
usl]r !-uíì-itnits, phy"sicl-li)' removes dclet-e,1 r,eco¡ds fron sel
ûccllrllÊrrcils if no aci,ive run-unit- sensíti'¡e f-o thi: set, Has ini-tiaterl
pricrio the li ne sta mu in ihe ilele+-e d re ccrJ.

'lìrer:e: ai:e se¡¡+ral a1r'anlaqr:; to i-.iri.s schen.e in ;.¡.ddilion to the
pr-evenl j on of it,t:qr-ity viclatiolis, Th: qarl-"a<¡e ccllecticn run-unit
cx'lcut ls ,t.1 a 1c'; oi: joriry -¿ë.si{ i::;i llq cl)rì cyclcs 3ct r.l(TuiLe rl hy ilser
rlln-r.inif..s" I'l¿rint;:n¿ìnce of sei r+latlonsiri¡¡s ma_1¡ be a tirre coni;umlng
pitoc.ls"s v¡h+l ¿r rccor:il paiticíp.itcs i:i ilanlr sets" Pl:oåuctive worj,: i"s
nct drtlay':ri tc a;:f'.::cf- the set'. ilajnt-Êrìifrìc€ rsquir¡+d for d,lle-ted
::ç:co¡d.r;, Datà'ìasÊ rÉlcc\¡'âr:y is spceil,:d since the li;ne s'itanìp pro,¡_iC.es an
Êâsir int¡ciraÌ]j-.8;li tc rccorllrze records cu::r*nt at a tinc prÍor t-o system
failir::e" A ili sailr¡anlaq,l cf thi^ç scIìeilí-.. i.s ;he Ðr/eriræar-1 inirodilceC in
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lll* procr.Ìssilìq of del:l€11 iecc¡:ds. fn a .å,vn;rnic env.irönnenr a
siqnj-f ica,r', perûeniaqe of -;he Catabase may ccnsist- af 1-oqicalì_r¡
iLtiet-'.-rl ]]ccords' D.:ì\"¡el-ci-1 ilrt;it cf. Ìra¡:di,Jare or remotel y erecut.ed sof c,*iare
'l.o t{Ìcoq;l-izs a.¡.]Ci nct r:l::ievc :1 eleted reco::11 s r.íorLld r.r¿duce tiris
probl-ein"

Physi.:ai inr-ei¡::it'y' r s nor,l rlif j: jcult_ tc ensltrê. The prcteci,od
usaqe nc¡1e of f-hr: CtÐÄSYL GlSi{S plrevents tl"tc run-units froi"n beitìrJ
ac¿i¡¡e wif-il updatc riqhj:s i:o t-Ìre same areâ. vicL¡rcions of the rlata of
a re¿ì.r1-onl-r¡ run-uni ¡ h y an r:pdirte ì:ì.1 n*¡:nit arÊ avoi-Ce,1 whe n the
rearl.-cnly .ìluiì-unit reilue,st_S j_har- ¡l.lI ::ecords b".: Current to tire star1;
t,iine o f the run-uni t.

Re¡r rì-:.rpi at_e ol-,ysical-iñ+,€Çri-.12 violati_ons can occut: if tine
sianpinq is noi u:;ecj t¡hen ¿ì-iì u F,1 ate rili,r-rllti l-, ino i f ies the l-inka,¡es
ll.}'t1.''eQn ì-':ccr'l:; b+i¡tq prcce:iseiì l:ry a read run-unit" A veiy i¡la¿ant.
exairrplâ ccculls l'r"tc.ri ;eai1-on.ly r:ì.ìn-unir.- ,\ is p.rDC-:ssin,j a set iil
'seqllËÌl c'ii ¿itd u pdatc l-un-irn it ii issiles a non-loca1 oilDlÌR cornlnend fo¡:
i-ke ss:t. suirlcnl -v t-fr¡ì ;se'ilitÊi1ce il: r¡iricl'r run-unit- A qet-s hi.s L-ecorC:t l-s
cira-n'qei1 . lìy 'i'i-:faulz '.ho GDrii:l ìss',li'iÊs ¿ì r:un-un ii uill retrie¡¡e reccrcs
cilrrent to,rts initiaiíoLl .r;i;ne"

'lllis nonitor iacili-ry of tÌie cnÐAIjtfL GDBi,ls is use,:1 to al_l_o,ø
rerccqni-tio:r of å potentiai physicai inteqriiy viclation. rn our
exanpie rrhen run-unjt- À i^ss;ues a Ffi{D for -rì1, then R1 is mcnitored for
À" ;i subsequent irIllD'ay R fo:: Rl c¿Litse.s R1 to beccme inonitcred fcr ts

a,s i¡ell" i'lh:n A i:;sues a uoDrilY for R1 the Giii¡ts fì-ar¡s al-l ncnitorerl
occllirenc'ls af ii ;¡s ncn*unoatabl e" The subsequenl i'loDIi¡y by iJ causes a
mol-tito cxce¡.)tir:n -uo be rci-ulner'l in the sta+.us indicatior of B and R1
is llot r;pilaieo" ?un-urrii B nlst_ ¡s-Çet- R 1 anrl redo ihe upCate
cperat"ion' This is lin¿ìccentaÌ:l e ;since it reguiri;s ihat all upd¿r-1¡¡g
llìln-iln i"'-s incl u.le code to lr+cov?r f rcn noni to:: erceptions and it ínay
not i:i: p'c'ssi 1-'it= t o l- 'scover" rf t.he up,laÌ,e operation perf ormerì iry B is
t"Ìre r:esult of naÌìy in¡-rlrt tlarisac'uio¡rs ¡r¡hich ¿r::e no lcni¡er ar¡ailaj:le it
j-s n'rl; pcssi'nJ-t; fcl- il i-,r t.;-:Ío r-ile rjp.lai-e. It n,ay jre iì3cJSSaity for ti.re
Ðpera'tion:; of ll to b,': l;acked. '-ru.; alìd the process rest.arted using t-Ìre
1o'..Jr¡o,1 i ir:-orinati,:il" .Sinc¡: :iie loi¡ is a sÊguent-ial history of events
thì s ie{ìilires -Lhar -i-h+: GIlBliS .T;e quicsce rì "

rf cÕncuilrcriì-; il¡:iiarinc; is a1l-o'¡ed lhe;r cont-r¡l ¡r'f: ; ^+^.--i + "\/L Lìi'-\=YLrLy
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l;;:cr)tn,'ls rire jtÊrl-!Õtsibì iity ct- l:ì:,,: dai.a l;ase arÌinì n.i sf-lator (DBÀ) " l{e
itltÌ':t .,)iìilrli:e rìra: a.ì;pl:c.ì*-i)lrs Ji,.ì ro1- rìl.srg::e.1 ín i+!rich inteÇì:i-.f
proL;l':t;li; can occì,ir" :¡i?i,¡¡3 pri:;siille hc ,.Jitt iÌtcoure,Je iire Cesir¡n of
+,:an,sa;tict-l proCel;S(irs rr i;lti c j: e, l i <1aù¿¡, 1-ras:c upâaiiit,; j s done in a

si.ngJ-,: rr¡;ì-unrt. Thc usê o'î actrr¡1 1 anc r¡irlilrãì1 fiel,ì:; inc::ea:;cs i-he
prrollabillt';/ of ilitêqri-ry vj-cl-alíons :;iltce uore ieco::,fs rnusz be
s inrr.l-t'an eD lrs iy n onj_lo te.1 c r con t-rcl lerl ,

f n nciì- i-rosi, l-airi¡uar¡es :'jy:;t .: n.s -'he llilA '.¡ill lliì'cc.Jraq? *ulie use af
temp':L.t-ry 'LrÊas in i¡Ìrjch nc int-egrity vicla-uion can exist. rn a
tenpoì:ary iirca tirc ilrìùL- [ì i:ìf I,tp;]¿.i¡: a.nd rei_rieve Ínf otrnat.i cn cL-eat.ed.
iron da-,*a in ihe l"i'iole. clatabasc .si:ìcufrj i n the knouledrl,: thai rro other
rrrn-ulit may acc€s.s his ar€a.

The ¿ìreâ of if a--a inte ql:itir is a ma jor unexploretl area in t.ire
fi+1r'l of ,ìatabase t-r.:chnc1ortry" I'iosìt inpl:ment,:,1 systeils use the
+xcius ir'¿ cont-rcl l,lcthod ;Ð ciisuf c j-n'r-eg;:it,y, Ir- i,/e hope to ut-i1ize
larqe ilit'¡qratr:¡f r1 ¡itabas<.-'s -irt a inulti-us:r ilis:ril¡ut+11 +nvironne*l
i. lii"s i;¡oþien mu:;i i¡,.: so-.jvei1 .
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Ti--lo luc:i cn

i,] r: h'ìr¡ç look-<,'ri at r ratioi:¿ilc fcr the develop:nent of 'lataÌ:eseo
d¡l*"allasi: .ji:trici:,ìrr*-;, s(rlt:,3 î.eîninnloqyo 'lat-a?;as,: ,rescriptir:n ¿:.ird

mairipirl:-r'Licn iarrrluagÊs aiirl iJre inp1Êïìeil't.ation of a Generaltze,T Data

ilase Ì.1ånaqerìlr,-rt Sy:;i,cr',r. f-. s€iltì.q lel e v.?Iìt âtr- this +-inle to look .1:c t-he

f r-ttr:re. Firsi- ë )tt-) icol< e t soriie cli the iut-ure resilirenents f or the use

cf co;nputei systelns anrl Ðê-r'"icnla-i--ly thi: use cf ,latabase in these
sysieins. Seconrl , hre l-ook at- th¿: il e1r.r l¡a.rd rrJare anri sof t'¿are uhì cÌr ,¡ill-
l--¡e develcped l:o suilÐot:r l-h':se sys=Lerns.

Cn-lj-ne (ìccess ro ,lata':ases i'¡ili certainly ire the norn, Future
.-:r¡qr¿.mq ;'+. I rr on *"iir,' a-vai-l abJ-:-i,y ol ol-1ine acc,..tss" Itr arlriítion +.he

developnânr- nf and i nÍ,,.1 +nerilaf-icn cf iìon-proc:.irrraL lani¡ì.tages wil, l
nake the j-nfcrnalj_cn i-l dì-u¡b¡lscfì avail-able .!,o a larr.J+r percent_age of
tìre pooul-a.Lio¡r.

7 " 2 Fii'ruÌ!l .ciYSltE t4s

¡lAnl,l.rrn¿rt-Ì ln€,::-n-ì-r ^l' 1i¡ *+.liììS
I -.'r..rr ., ¡ *

fit'Lure :ìystrìÌns wil 1 ilsù real-i-ine data collec*'j-cn and terminal
anrTiriry ani upCa.t-e f;rcilif-ie:;" Srìrrsor-hase d clistrj-i¡uted conìputi nÇ

systenis r+ill ccll ect both ana,'l oc; anC diglta 1 inp'¡¡s al- tire unit
{oper:ai"ional) level fo:: iransnissicn i-o plant ccmiruLers. At t-he linit
l-er¡el mini-comput:rs luonitor actí¡¡ities, supei:vise the detailin'q r¡f

activi'1-ies and dirccri.¡ cclritrcl ¡1 j-¡rrtê by minu.---- operations" At the
plernt- lev¡¡l the ir,prr: fr:cin opera+-iotis is useii tc naintain,ia+-abases
useil. in opt-'i nizing rrrorlilc-.ion, scheCr-rlínq an,1 acccllnting" At the
corDOt:at-€ level plar':t datal---ascs are rnanipr¡l-atcd tc prorrirle dat-a for
sin:u'l ation ¡ for*:clst i¡',,J ¡:rd J:u l,{e-- iltg"

In rhis environrnel-it- r¡I,? côr expêct t.o sr:-e a siqniiic,rn--ly qreat-er

sÌrarinq cf da'-a by i,rs:-:rs i.¡iiir.r;:iqht to know than is presen'tLy the
case, ¡i flrl-ly iirteqr¿tteû rlat-ai cc,lleca;iolru da'Laorse naintenance anr.1

rj.atabas¡ en euir y sr¡:;-,-í)lÈ *iii nalce niì rlaqcnent ÌncrJ of a scíence and

.J-+ss cf ;Ìn ari-. Às: t.Ìre jcil-y':Jr-cen qiant- of conptrters is fonil c:f

sayin,; *noi jnst. 11 ara hu+-;:ealitytt'¡i11 be avaiiable to:naûaq'iIften'u'



ILti--uic
Cha Ðì-- äî

:::;:i i ciil; io:: 'ìysleürsC o :t;; -i rL
'7 PAGì] 1C5

Tttt.t:q¡:areC irineni;!¿ l_ ilcccunlin,.j
fì-rr: c¡isille:¡:s altrl chr-.'qucli:s.s society h¡rs heen;t drern cf fina¡rciaI

i¡:.-s*,itirtir-iit:; for:;';r¡clai y€.rr:s" Thc availability of sirit,able GDiir,iS and
dala-erìii:y iiarrli,Jafci is riI i-h.at hclcl-s tìp the ilnpI,:n-on.tat-ion, For
f ina:lcial- :nst,ì ttiii oüs û.rì cn--ii ¡rr: i:ankiiii¡ f acility :liirinates -i-te

f I o¿i ,li or.llst-an,1ilq cÌ1,::rlles; t-hat ì-s;u rnoncy which has be,::r Ìlaid to an
accoun'L bur- lot receiv+C fron the buy,;¡" i¡cr ccmme::cial sellers a sale
prorlllc+-s inmeiliat-c rÉ:v*t'ì\ì,: and ::educes t.he amcuni- cf capi-..a1 ti:.1 llp
in +-hr-: ncn-proriuctive 'f--i-oat. Fo:: aÍl iniivirlual it nay proil.rrce instant
bank::ilptcy. Those of us :lho 1ir¡e froil ntcnth tc month otì tlie,jelay
bet-r.+een i:uir-ino anrl payinq for ¿rn it,en r+ill- srriÌ,fi:nly di-scover that in
cne iìontil icâ nt1.5i- pay il¿c lûon.il]ås bil ts"

Tirere aL'er itol'¡c\,¡1jr, sr:vetal a<1r¡antaqes to bc Cerived ior an
indivir-ìrral- r¡r-- a colilpany. Eacl-l Ì-ransacticn i_s rEcorfç:r,l and can
J-hert cre bc rr¡l-i:i*:¡¡i:11 at" s,r)r11 ,. -iat-er C.:¡.f,c" Ilxpetlse recording is
arrlcmatic' Ì'lo tlol-c hr.;n¿1t,0 fcr bi1ls +ç() nake illl trar¡el expenses or tcl
pay i¿rcoine +..ìx" ßildqei-iliq is les-;s,; of a problen" Iixeil expertses can
:iti+"crlnì:ically ite applierl anri a+. any tiine present i¿orth can be
ca1culat.:,1 " Thr.¡ f uli i;se f r:lil.:"ssu to an inri'i vi,iualo oi r,nis s ystem
a'¡aits tiie ar¡ai-l a.bilii-v of te rilinat acce:ìi,s +.c t-he ile*iaìrase inf orination
for rEirícir the inCir¡idual l:as a ri,lirt. of access,

l-rcn a ccrporate poin'l- of view r-he nrcnthly batch bitlinq
operat-ron:f arrr no ionqer uecessary. The billinq process is a machine

nachilie oÞorat-ion taking ì:-lacË at the t-ime of tran¡;acticn
proce:ìsinq.

In f ormation Disse ui natic¡n
An erËe !,''\era: våsl- eincln+.s cf lnÐney is nor^I bein,1 s¡tent is

adveirtrsilq' Iloa tff..:ctive is ihe jritesent cctrrìunicat-ion of advertisinq
inf o::nation? Àilr¡ertisilg at-l.enpt-:: ic cxpl cir an oxi-stin<¡ narket fcr
olrl proål¡ci-^s anrl ti; creal:e inark+t.s for nei,¡ proCuct-s" À datai¡ase
'1'etailinq availabLe pi:o,1 itc+,s,eppeals tc those buyr:rs -otho have a need.
3lr,.i. i:ectruii:c a srlitl-ca:" Eato¡rs catalorJt]e'¡lrcuirles cr<lering infcrnat.io¡t
ân 11 p::j-c:1 .s, Pict-urt e sj ;rnd tc xt. ere u.sed t-c nar ket ', he prod uct" Tnis
jic:m ci '1i1ve rt-isint¡ i:; slati c" i t re-tlects; inf crmaticn a t the ¡laie of
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prtÌ',r11,::ar.ioli" l'!arl',ei-c':a.1-iirc; aiivr:ti.sinq ¡ç'¡u-iri.^.s that !rit aJ.vertiser
q3-- t-ìre attcnilc;l cll potoiitial i:uyeÌrs. i¡or -r,hi^s functicn the car-alc,Iue
!^) Il,)i l':aiIy efi.:cr:j-ve. rr*,,¿t'ritI-r+-i{llr aCl'ettisinq is used. on
t.t}iet¡isj olu ¡'a,j.io alri io a l¡.:sser r-jxtent i.n ltíì'r.js;r1per.f âtìi1 p.egazine.s

tr¡ pue"seilt ail ¿idv¡rtisi.:n:;rt -.r) ¡:olcnti¡r1 buyr:r.s" The n,:diun gets f-iìe

llsers ùt-1--er.tic;n anil tire adt¡+i'-isçr attempts io sell" À data,las¿ of
;rrnlrr¡!- ini^'rLv.{if,\-,- r,riv-inatiorru ilt colttputer reada j:L.e fcrno -is a i+cll- indexe¡1
cat¿LoQUiì" It is 4ynarLicu jr,lil¡ci-i"nr; thc currÊnt Lcscriol:'i olr, pricinq
an'i a'¡a i1¡rbility o: pro'.ìuct::. Fur'uhÊr, al-1 sclLeis of a ¡:roduci- arc
Çlro'.ip,l11 " Tï is liot Ììi)cilsj.saL-i¡ i,c i:ea,j several cal-aloqrlcs tr¡ Co

conpa::a'i-i,¡e shoopinq" 1,'ideo-l-ape and graphics presen+-atiolrs provide
pictorial des;criir+ions oi producls" Prcmot.icnal aCvertisinq 'ç,¡i11 be:

rlo ll rj r.ls i liu t Ìrr :-ilterrupij"on iechrri que" Fcr ihe privilege of
itì-.,:l:rrrptítrq a ses.sj-on *"!:rc advcrt,i-.e:: ";i1l- pay part of the usaqe
costs" Ail oIr-l--ìi:.'.; ol.lr;-.r ,cn'"lty systeni, cc:lnÊclêil t'c the pro'Luct
dalai:as':o ¡ori.uccs th<l neeC.foi-l:::e,ii ou'i, Ii.:ts" TÌre ccsi- of aj.r¡ertisinq
is borne b\' îhe :;el-.1 el anil- ir:tere.s'1--*d hriyÐrs, Foi €.1 ch acci,],ss i.o the
rl.ai-a- th+ useit and sel-i,l r: are cjrarqr ii a f E:e,

jluothe:: coilnotlrtY -¡iri-ch r,-:1ie.s oì-t adr¡ert.ising tc rtall.<3i: irs
pr-cduc; i.s ih...: ente;:iaj-nntent- in,lrrs'ur|, Once aqain à dataloase of
a''.¡ail-able ij\jiiei- tainlììeìlt alloi^rs aiì ini:er:csted indivilual tc quickly
.l.oca+.{l an i'L':n of iirtcrêsì- tc Ìrin, Fc¡ns of eniertaitrmûnt- -',¡ith li-miteri
inte¡est can be ailvel'r-i:;c-,i1 iil this riay" O¡i1y thos,: pell:sons interested
t¡ii1 i:r¡ nolífie11" If f-he r:rìquiL-y:ircilil:y u--xis+-s i-n thi: hom+ then, þre

n-iqhr- Cej:ine cri*reìr-ia .-*i::cifyin,r prcdirc-iso enteriainin,:ntr ând ne'¡s
'i nfornati on ahout r*Ìlich l¡e ,¿'i:;h to be aulomatically informed..

i'l-Ìr'¡tl ri ata is .sti)L-c:n ir a ,l¿ltaba"s¡¡ ii- ca n J:e interrelatrÈC and
exì-racted as rûeaningful iilfoination, lJhen t.he rlata in ne',,{spapers,
na.iazin:s and Ì;ooks is avail ¿rbl r: in a ,latabase it is possiirle to
I,rcale :;pâ¡:if ic inf o;:mation or sele cie ,i t-cpics " Eacir j ¡diviclual has
access to an errt-ire: 1i ]rraly :uith ari ind;xir:q sch-.ne ilesi<¡ned for his
ilee,J.s" it- j-s Ìrossiblt= tc retrl-:ve o*rher ¿ìrt-icles iej:erenced. ,Jr relaied
1:.o tìre :;'lb ject r:f in t,.:f .e sl" In tlli s 'oiay rìorÊ comp'l ete ilf ormation is
âva'i la.hl ç tc-' thi': in't-,:lest.ed. iise¡:" This f-acilitr¡ reduc,:s the tedious
process a.i-- literaiuLí: sìeiìrcÌlr-:g iqhich each i:*:ríJarchar milsl ,lo '¿r:en

si,r::t-irig â irc:i l)L-t)jtct"
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Per::olt al_ l.iia 5¡l ses
in ar1'f ition t-c '.he corit,ltitìice+-i-cn adv.ìntaqe for i n'iivi,iual_ use,

tirese sysl-'e ms l"i1.L prov-i-.ic lrìÐchani,sms for the s!,-orâg€ of personal
j-nf orrrat-iou" '¡ie 'rili i.;i: len j-nri.e,ì o¡ special Cat e^s {e¡l ennj-ver.saries)
and hi: pl:cv:-dcd i+rth ¡'¡,:chani,sns foi- t-hc :stcrage an,l cross.-refe¡encinq
cf personal i nf ornat.ion rclr¡uì-i:i:d t-o be ,s€cure but a'¡ailable (eg
diar ies) "

Compuler Assist_ei rn"stlrrction {CAI)
one rr-:su1t of tìrl 'ø-i,ii:spr=ad j rplerinentaf*iorr of i-hese GDBl,ls l¿ill

he a si-qnif icant incre a:J€ 'i n availabl-e 1-oisure tiine" The GDBTiS ',ril,l ire
ohl-igated t-o provicle f acili iies¡ in aridit-ion to -rhose alrearly
n:entittnedo +.c t-each and €t.lt,3rt.aili.

i'ihile tÌrc rlse cf CÀI -uil-l not 1:-rely replac+ educational
iust-i+-uliol-ls a:ì j,hs pr-i nalty sourcc of haslc educat.ion" it should
5¡ppl erllent tiren iil irror,' j r1Lnc4 .sÌl;ciatize C trai¡inq in seLecterl areas"

À 11 a'rei:¿-is.': cr satnc.'ì '¡J:i Ì1 .r,l,so be available, The rjse of an
i nteqratld f aciliiy pt:or¡iCes for tl:e inirociuci j-on cf coûlpetit-ion intc
+-h+ q.tne:i, Each inr: i vidual. iriayu

r:¡.rsl-l"l-Ì:s oi aiì ctlicr :-i.r,J.iviiìuals.

i)tt-,s<:nal co;îlìrliiicai.ioÌjs arJ J__l,pro¡r,:rl u_sing tl:is fac.il_itV,
li+ssai,;es uir.i cL ilfe ¡-rr-csr:rr--ly ccnve"_,¡er] Ovej: t.eleilhOne calls can noi,j be
sîllt j-¡t il.i:'d coi-'-vy r^ioi.- iì,3c?ssa::-il y ilaÐeie toin. The fiìilssârle can be
':;':nf- and i:¡ccivr-li:'1t a tìni: conr¡el'ient to the seno:r and ieceiver, The
ilisiì oÌ viilcc-tapÊ i^;111 pe::sonall";re the mc.ssage:;wit-cirinq operai.ion"
The Pcsta l- si:rvi ci: in t,hc il" s" orêsen-Lly oif i:rs a f acsinile Íìeil_
se:vìce" i{ar-l_ is sent fi'clir X--j:ox-X..:rox via. the iel_ephorre lines. This
serrrice cffers quaranf-ee¡1.1;:1ir/eÌ:y hetwcen eny larqe cit.y in the il.S.
ç'if-irin f()ìlÌr hotii,s" TÌre corst of t.nis rservice -'ì s still Ëxcessive partly
h+c¡tt; -: o¡ tir¡ Ì:ìt¡t¿ll itlt;:-rvÉìrìr.iorr í:l ,¿o'l vc.1 in cer:yin.l ihe ni ail f:on
lhe sr:qCl:t: '1-o t-hr: pcsi: officc ¿rnd fron the ¡:ost offíce to the
recÊiv'er. Ðírect J-ir,kups ïrcr,r eacir inclivirlual airrl ccmpany to a postal
,1at-abasi: ¡:liiuj.nates tlie necC for personal dr=livery anil the prorluction
of ìlnntcessary Þaper"

i f iie i^rishes, cctÌì pe te aqa_inst ',-ire
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ilit-ii ihc ì ncl'la^silt.i .orciìre f ,)r arì,1 íJ;{p€insÉ-: cf non*renei+abl-e and
1loÌt-riìusab.l,,: l:esoLtrc€rju i,ll',.: il.jil of on-l,ine infcrfiation clissenenation
and tínaÌtciùl accor:l:ti:'ig jyj:_.,:tt s usinq r¡idec !eotrlinal:s ,¡ill become
rnorally al,l. f i.l¿i¡:cially nûr.- ju"stif irC"

C o l.:;:-
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coul d be

i efiective
t o prcviCe

'lhe introrJuci'ior o: a l_arqr: nuniher of users into a GDBI,IS ::equíres
thf a'¡ailahi litv t¡f suf iicirnt -i:rte'nal storage to stcre Ðrrrrenr
::er;orils" lece nt aÌvances i li bul;b1e meäoryo supÉlr-cool menories a¡id
f -'::-'!-'3-=f fec'. r-ransi:;i-or t.e chncloqyu nci nt- to,¡a¡,f.s e continuinq decline
in tlie pric: ailil. ði'ìrl an itcreas..; in +-he:jpee{ an,J size of, d.irect_ly
aci'lre:;"çai;1'ì n*inories" I,¡i-rtrral nenory operatinq systens loqically
expaill ncnory iÌlroui;li'i-hc use of a:-rierarchy oi stora<;e cla:;se^s"

The st'cra.qc of I al--qe datairase s rerlLiirts the ar¡ailabitity of cheap
larqs ca¡-r¿cii-,y nâssì r'jtcr;l.io i.l r.:vic,':s '*ii-ir a L'anL1 cn access cepabil:_ty,
?ecei'lt adt¡aûccs .lnllca'lc ti:e.t- rapì-l1 accrss t-c iiloveablc ireaii di-sk
.ll 3r'¡icD: cilnteinitrq 'fQ1"l'g byt-::s ot oaj:a i,s nor,¡ feasible" fiLe ccst per
byte cf 

''-? 
at-a sio::aqî on these i-l er¡ices is " 0004 cents fcr an averaq.j

access t-ine p.er rr:ccrti of 27rnrs. (Computervorlo¿ octcJ¡er 31o ig'/3. page
1) oth:r' tecl:niqu',::s reÍlitirinq in-ì ìì ci irc,jif icati cn to these clr;vices seen
likeiv tc clouJ:Ìe ano evelì quacìruple the capaci+-,,.r v¡ir-h very litt.le
ìncr:ase ìn cost" The nosl- obvious of these t-ecÌrnique"s involves the
^st-oraqe and ret.rieva L of infc::rnaiion in paral lel across +"lle pla+,e to
alIo"'E r]s3 of a qrea+Ler su¡r-ace ar€a r¡ithout. increasin¡ åata Censity"

ìle'¿¡ techrroloqy fras nlolluce,l ::¿n11.om access devices,r¿ith slo,¿er:
accrrSs t_ir-lloS hur_ rirucir I arqer stO arle ce jJaCities. present drives haye
capaci+-ies cf norc than 10'Ì.*12 ilytes ()ataniaticn" oc.t. 19-73. p 52).
tas'3r ccnputer Corpo o¡:iimi;sr.ically ¡:rerlicts 10**3g byie capacities Ìry
1977- i'ioil{: rcalistìc projecij-cns of 1}'it;17 bytes in'lqg0 and 10**21 by
f-he yÊiìi 2c00 aÌ:Ê.: be i ni¡ m,rt1 e u i.lase d on pasl, erpålricnc.=. ,llnese device s
reQuir-r: l;c't'v¡n'reù 1C a.n'i 1û0 secon,'Js to access a block cf 11 ata, iüliÍle
th-is is slc¡r¡ ill ccilìparj-scn to fixe,l head rlevicesu it rnay be qi¡it-e
accep'cait1:-- in archj_'¡al stoi:e,ge si+, ltâ..i-i.¡r:s. Dat_a rniqrates from slo,,¡, to
fasl:cr i1 rl'¿i-c*:; ,lepen¡lilq on i:hc i::e.:quency of its access. special
pullpoíìn CPI'irs iì::+ userl -¿ö tiìove rla'r-a bl;t--,¡¡r:e:r st-oraqe classrjs, These

scinr: of :lic :pplicaiiorir.; 
'oênticn:d previ_ousry

i-rnpl-c,ri-ì;l:+--': riit-ir e,<i st-irlq tecÌrnoloql.r buf. it is nct yet cos
u,..c ri c so. Furtirc. edvanc{}s ilt t::citnolo¡Jl/ can be expect+d
cÕsL jt:stlf:-c,lt,rorj for ihe inp-r¿n,eniai_icl: of tli,=se svstems.
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op.jiet'i cris ca:: pi'ocêêd.?.s'/nc]:ronorrsly ¡leccndinrl cn the iìunber cf ,lata
parlts avirilable' /iilr Ð,.x (Daf-.inalionu oc-v 19-73- c:-4) has p¡esently
avail¡rb1e a cjjsnount-a1ìl-^ Ìryp=ilape r"¡ii-h a 3ó'2:t1it*,t,12 byt.: capecity and
accÊss t]-tllr¡ or l,ls;i lhati 1Do iieccnds. lh-- tJSe cf levices snch as tnis
nake availairie ,l vi,ctuaJ-ly iitilinite,J anou:r*i of ìata s;ofacJe. Àccess
nay be rrl .J-Lfictr:rl foi- da''i:¿r nct rqtoi:Èrl c¡i alì cn-Line di:vice,

Vii:t.ual Operat.inq Sys;t.ens aie self-tuningo ill tnai_ they a*ssi gn
par¡e1 (iat¿ì. -io stor.lqe clas:;es J:aserl on its frr:qrr3¡6y cf access, An
obviclr.s r;xt-+:¡lsioil t-c "'iris ::t<lii::es tha-.'thc virtrral opera.tinq sy.sten
be ext'+::rierl r,û allor¡ lruly virtual aädressing. (present syst-ems alIow
a naxj-tnutil of 16u-7"7''Ì s216 i;yie adCress spirce.) tthe rlatabase will be
con:lid,:ri:d as pe rne.n,:nl_1y rcsi deni- aiid inost of i_',. will_ l¡e paqed out
J:'ecanss Õf i$ac*rivity" Thus fata adriressinq is dole by rel¡rtive byt.e
adCr-os;sin'l (F".1 ;t) ¡rlci hancìle.d in the cperetinq systern, 'lhis ,u¡ould

requi:e imprcve lnen ts il-t svst-eiÌ'r lte coveity calrabi lities u alread_v a nrime
rcquirenent- ior futrri¡: J.;yst'Çiiis.

Ði:;t::illu1:eri coÌìi pu.+-crr nr,r+.i¡orks a-ccessinq ccflrrì cn datairas.:s pre.sent
several nroi:,f etils in ccutrol.l i¡r(j and opt-ir. zinq t1 atal:ase access, A

pos"sibJ-e sol-iltion ì nvol¡¡es the .ievel.oprne nt of a slJecializei computinq
f-ací lily" À i1a t¿tbas;e, ccinpi:.t.rr .sy:;len designc.C ic con j:ain the GDBr,ls
r+j-ll scil ,:ilille non-coltflic.,inq ¡tccesses t-o t-lie ,1 atal:ase" l{aiirtenance of
the i;uffer pocl is sinrplifi¡:d i+nr.:n a .sing1i,' prcc3sscr coritrol-s Cata
r1 ücess " Devi cs: conlrol Ie¡s, uitl: t-he abitity to be prCi-Jrar:med, acceÐt
requests f or d ata i:rcn rel ati-ve byte aC.ilresses. The conversion io
actual ailil::e sses is Cone in t.he coni,¡o11er. This prorridi:s a leveI of
device inrlepenilcnce require<i for tiris paginq e¡ryironment an¿ not
e asi ly obi-¿ii:ahl e in pj--.,3seni sys+.ei'ns" Thr: contrcllers optimi ze search
rl:qtre"sts i..o r.:acir cie vic.: a.nd suppor{: paraliel searcir-'i ¡:g on ¿rLi d.e ¡rices
under t.hei-:: controf,

speci f ica.t-íor:. of '¡¡el-r ,J.¡:f ined interrace requirsrnen+,-s will l:e
nÐcilr-jstliiy in crcei to alicw th¿ GDll14S pl-ocessor and cle.¡ict-.= cont:cll_,:rs
t-c coin[ì unicate r¿it.ir al']. typeq of ]r¡rrdi.ialte" Th-- GIBIIS nust i.lturn rlata
T-c th:: Lro:st ilrocesìsof in the form requeslec" ,rai-s me!' require that
¡xtenr-;i¡¡e Câ'ua ccÌÌ1¡c:.';:-r-rns bi: done on storeC,lat.a" Special pÌlrpose
proces;sors i-l':siglerì to perfc::m tlii,s furrct-ion r+il-l j:e designed and
j n'r-+qra+.-.i''i r.¡it-h t-he ßi i:ls anC drvice contr-c11er pi:ocêssors" This may
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ll+ a.suj',,a1¡1¡. opr:r.ai_i_c:t *,s iiav: clr__.le in a rlevjce ccntrcller"
?ec+:lt a,ii.t¡aiìc¿rS i¡t f ir:lì-.: j:f ect tiansi stoi: techn,;logy

d+valcpiìì.,rnr- of ioi¡ cc"s: p':rrcr supplies Ìrcint- rt? woyilexPensir.¡c anil r,,.fiable i,,.jCeo clis:prar¡ t.crrnj_nals" Over the l-
y'lerS; fo:: t:xarnnLe, t.ir¡: niiC.:,s ir,ir¡e Cecf,::aSF_rl l;y ajrcut 500:{.
rior¡cloptnents altil tÌle:;s Ðl:Õ,j:lc'u-ictt of the_se,levices calì be oXpe
Provrrli: (iverì gucat,er i:eillrc:icn,s ìi.r ¡;rice" Tne aval-1abii
televi sio' sets in armcst íJVery ircme provides a r=adiry av
11j-'spJ-ay terrniinal,. Àl tirou¡ìh thc r+sol_utiolt cf thesa ternrnals
than ,1asi::ah1co rnarìilfacf-ui-er,s har¿e t1evelcped koyboard.s and int
t.hat ll1ci.i the tcle¡¡isicn tc be userl as a t,rai'lsmitter oi: data
as a recei ye:: 

"

Caxt olì Fost__-r {Connulica j:i ons of the ACI"j, i/cI 15 u #7) prerlicts
tirat- irr¡ 1.q75 nic::o-coni:uter:s i+ii1 re,:';uire crrly one chip ancl cost l_ess
than $10ù' Furth+r by 1til0'c-he co-sl ,¡irl be in thr.: rarìge.,îi-:iì10" Thisis fcr ccillpulers l,JÍt-h 65k i+c::ds of 32 hit lJemory anJ an instrÌlciiorì
rate of )*1fr-"',t¡¡, inst_luct-i.cn-s p,3I seconrl" These micro_cotìì¡.,uters rr¡ilI be
us=d for a sinqle "scccializr.rl f unci-ì on an<ì r,+ill rct- hal¡e an I/Acapability, Or;.:i i,loss;ibie applicatj_cilo irith srear p{)tential for oLlr
:cr::ninal lt€.luir:ni.;tt,S" iri i_i¡* C,:veiopnent of s¡naft -;,:fninalS, The
mçinory and- CPU poi;,iei- of th¡; n_j.crû-ci:)inputers,lr_â r:seC to.store a^rl.refresh the rìi'sp1ay on thi: tern-ina1, Error cetection an,l some
correction is r-loile by iire *rerrïrila1. ituch .l-ass rlata ruili ne erl +.o be
transllitt-e;'Ì to ihr: ternirial, since only chanqes in the screen arerequircd" Foster irrcc.ict:; *'hat the present telr:rrision tran=mission
reguircments courrl be Lan'llci1 i;y ¿r sinqre ci¿annr.:1. Thrrs the remaininq
f r:equenciçs are ¿¡,'ailal'¡le for r:i-he r applicat.i cns" Terininals will
l:ecome part ti ni: t_eler¡ísi-ons.

lfhe ìlstl of sat-el'l-it.es -foi,i.ata trar:.srnis;sicn meaiìs thal data carì
Lre i-ransnitt-i:d thous;ands of är:-1¿:s for lit-tfe norÊ than t.he cost of ahun'lre<i inirc t¡:ansinission" rn addition t-he us€ of .lç:ctronic sr+i+.ching
eiiu-ipinent in thi: tcli ci:nti-ai cffices of ccmmunication coinpanies
prolnl-se-s "Lo recuce the si+itchinq ccsts f r:r al l tclls. These ti.ùû
de'¡*of,:priients cpëju the C,cor tc itrcrees;C use ojl data transmission.
Cana-ia is in t. ll:: ¡1ir-¡ui.: posi'Li-oll of hzrving exceís:r capacity in hersatellit'.:;; .n;aitinr; io be l]::ei]." Tli+ ar¡a.il_abilit.y )f cable i.e1r:visio¡l

anC the
fo t"aril.s
ast tl,Io
Frl r1- har

cted l-,e

ity of
ai la.b I e
i:;1es.s
er faces
as well
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hcolcrrÞs in nåny ì:cnes pt-ovi de :; a ct)n!'eni,:ltt all al-r:.rdy in:;talled

linirup b+',..olee:l a cc;llpirt-er sy:it-ena j,'.s ilatahase âiì11 each inii.ividual"

Sci:ii¡a re .i-'l.eve l-opncin t s 1--c account :cr llsage a n,i ì--he parlici-1lat ì otr of

f irr¿rtci a1 anC coiììillercia-1- inst ir-uii-ons can he 3xpect.e,l to accelerate

ine ',.¡idr:sprearl ! s,i ol- iiata|¿l:;r: r--ecitltoloqy"

Rr:latj-vely i;iexll ,3i-rs'i r'3 lata ccl-iec-"ion sYsteins Iloi'J ex'rst" These

are priina:-í l-¡ Llscii by rei-aiterÍi anrl cr+dit. carã compa.tties for d¡¿i-a

eriqiriiy, f-, i,s arpec'1..li1 -'Ìlât, Lhey i¿ili soon be expanilerJ to inclutle

,laia |lprlit-i-n,l capa¡-'ilii--ie:;, in Canada tlie Ì3ank cf l'ioni¡:eal is

i¡rslariinq a country uirl¿ te::n-inal ,:ri-ent-erl systi:m h¡hich .''¡íl-l

intro,f ttc¿: on-li ne b¡lnkinr] tr> eacir branch of +.Ìre ì¡auk" Sinnson- s+ars

il.rs an c::r1er encry sysr:en fcr cataloque shoppinq inst-all=d in Toronto

nsi:rq roucli-lo¡+ i-elepilones. C¡ìr',-ai n use rs ar€ testíng olt this
f acility a¡d i f succe,ssf *l it,s av;:^iiability v;ill l¡e expaniled tc aIl
users of +uoiLch-+.cne-. phori,:ls, IBl.l has a Sysiem J ccnputer ':ìyslein 'uJhi-ch

can tranille ilÐ io 2'.;=: ¡lnaii;'l aird rii-qital j..ni¡ilt.s. The processof is
ccrìoat-ibte rçitÌl thc larr;it:360 aild 370 series an',1 soit.''Iare exisj:s to
slppoi-i cplt-cprÌ crJ[Ìnu:iicat.j-on, The Sy:;ten 7 i-.s use;1 ncl'r in 'prccess

c on t- rr: L an ¡-r |'i ç¿ -- i on:; *.- *+ .: ^,,-1 - -l *
lJc1.!1,-LUlf:i-llIv in t.he conìmtiníca t-ion and

petto-c¡lemir:al iiidr:s'r::i¡,:.s. In nosi ai.;i:lication-s it- is conntcj--erJ

riirecr-1y to a hos;t 3'7 Ct anri thu:; t-o the datab.rse of the -370"

i)t-he r cor:i p::nics such ts DllC, ilata Gene;-al a:rd a conpany nakinq a

prcd,rc+. knoiiïì à:-i th.,: liak,:ri L'ii¡ri .\.ave prcil.ucerl special purpose

nini-comprrtcr.s ;,rhicI: can l:e connect,:d t.c larqer .systelt .s an,1 tireii
assocíaieC Carabasr:s" Thi-.se systens are beccmi-nq very ccst- effective
as lire ccst of nlcCuclion control aild data col lection increases wì th

r:isillq'r¡acJe cost-s"
ïhe L1.s1¡ of inir:rit-fi 1m and viaeotape províii.e ex-ì-sting neans of

€n-Lellin.g data into a ii¿rtatrâse {Itsl'1 Sysie ln ,lourna'l ¿ t¡cl 11u 1912, p

5ó) " Fut'¡re .systens r,ri11 prc.rid.c -i,or t-he coiìversi',:n of micro-filn ancl

lire prinleri. l¡oi:d into n¡lchi rre re ailal;l-e f orm" Vcice in,ou t is aûol--her

regìtircrnent f cr f uturc :,-ystems ard l¡o: lç nolt bci-nE dcne indicates that

t¡is,.s grrite possible, particLllarly in r:er¡iolts lvhere a hiqh,leqree of

s pÊ-'::fcii co nsisï,ency e xi.sts {Telephcny, ¡ cf erence not available) "

Tìr,:.r int.c-,qri+.y ¡rrirl p::1,;acy of uíirìlt 11 at-a iììus+u i:e qtlallant+ed in srrch

r¡e.irera1 ì1 ,: sysierns" Preseiii a,¡r}; has not :/*+- sol'¡e11 ihi s pilohlem in a
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rnirr'ìllêr .u;l¡ l-cir r,¡il I ¿il lov¡ i-l<.: -i!i€: of r'espctì s'-3 re'ïuillr]d in this

envii:onni¿:nt. irurlh¿:i' res-ÊarclÌ ì n t-ìrj:s ,area ¡ j--l-l- rlevolop sys'Lems i¡hich

caiì satisfy tìrr¡ Ileq'Jil'ç:nÊIl'¿s ¡f lise:s-
À irajor t¡rs;k for i-urr-::e desiqnel-. ,:f general llsii GDl3flS lies 'in

t-h* çrl¡1ç¿t-iorr of us€ìjts, yery biqh-leveL langrraqes '¡i1I be CevelcpeC to
allou t-iii: usel- to naiíc u'rjurs+,s 'il't a fcrn suited to his cxperience.

lJej.p iaci Lif:ies ',;i11 Lic drvel.opt:ri 'Lo ¡r11oi^¡ i-he useÌl tc be quii,ed along

âs- ir: learns to ìtsie i-he sysf,:itt and take advatttirge of its facilities.
Tl he f irst CAI courses ,¡i11 l:e i nstluc¿ion cll the ìlse c1= the systen"

Con.sì ierabLe rÉÌsee:llcìr remains to h,: Ccne to devel op tìÐlll'1S¡s l¡hich

can sat.i"sfi¡ th. ïequi-iairetl+"ri of future systcn"s" Increasi;rg pressuie

frorn non-tr:chnical users for syst-erns rt:sponsive to thej-:: neerls is
,:l:r.hancl-Ììq -ihÊ p::,:bat¡il-ity tirat the near fu'Lure uj-il- se'.) truly GDBltSEs

¡¡¡i¡¡iiì

useC in the' eilÊas prcviously nenì:'i cne i'l

prorricf inil an cnportrrnit.y il'¡i: lese alcir
relat.,:'1 allÊas"

Tt is ân exciting ri:3a
¡ '"'i,:],. y-;ìì-ìaT- nf ¡-ntnn,tfsrq !u.rY- vr/aryI II.
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Ðaianet-iore \¡ol 190 r10 19'73 pp 52-51 "

CCfiirljTllll;.loR;D, STC iLnnOunc?s 3l-30 Ccrn,pat j-bl es

October 310 1913 paqe 1.

FOSTniì, C. o À Vicl,,r cf Ccnpu+Ler À::ciri--L€cl-ure

CorìrÌììlnications ot thi: ltCl
Vcl- 1\o ¡ 1u Ðp i;57-565"

SAi'Ii'tllTo ,-J"r Pror;;arirmiiìl L;rnc;uaq€s: History E Fìltnre
C;rr nunicat-icli.s of rÌ'ii: ÀCI'1

V¡l 15, 4 J, pp 6Ai-614,

irÀ.;E 114
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In th-is sec+,i-on trrr3 l-ock à', a traiìsecticn drí'¡cn .systen nuch Iike
lha..- Ði:?:jeitl y bci-nq rr:,;::å by ¡rli t-he large tel¡t¡:hon-: comÌ)aiì.i es ilr
ilanaC.a".4i presrni 

"irc 
systeir is bai-cil 6¡i;¡f-€d" There ace t-hre+ tnajoi

il-'jã:-ôi-r5 io: t.his:

1, iiie fi Ies ar.-ì vèiy l-ar<¡e" 3el-1 Canarl¿i h¡s epirroxinateLy
13 

" 
C 0rJ o ûC0 +-rans.ìctions on e acb of +"lrc f iles at any girlel

+,ir:e"

2" tile saiììe I,r,iÌtsâct.ions ar-r.'l usetl in f-îrJo -;c1l- ¡rroces-sinr¡
sub-sYstein

in ccìtìpLctr:ly riiffere:rt seqllences'

3, tiie sysren ís implernei:.Lcrl on seconrl qen:r;.l.tìon hardt'are ¡.¡hich

rloes ncL srìppr.)rr lar-qè v,lluInes on ranCcn access Cevices.
T Ìri: i:ar, <;li prc'cessia,1 sjys-, cll is crrtlile ri here r,¡ith a shcrt-

desc::-iption of each ìl rcctlssinq f unc-uion. Fcl-1o'*i¡l ,; iiris a cl alal:a-se

orqa.nlzaticn is orì"lin¡:d r¡l¡icli srrpports the sane l::uiìcf,ions anal

provid:s corsi <1el-airle f l-exibì-lir.y i li -r-he implenentatj-on of n?I,I

appl-i catíons"
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FLObJCHART OF THE TOTL SUB-SYSIEI,IS
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-1DT'i ;i ID lJXF.,:rl¡tD piiOCirl_cS:

1l lLls proc--rì:.i'; l: ¡:lcl Le:; al l_ inpur tc11 Lransactions. ExteiìsírJe
val-i:i,:tiol j-:^ (lcìrì1" TLc i-o1l ,ini¡uì-. i,rensacticn is expanrleri into ijre
t,rll- nast-cr t_:c,nsact-ioi ì:y the ¿lr.id.,i .ì:icn ci- infolnati¡n from --he
Ûrir¡inatin'.1 and 'li:rininat.i lg i{aster ililes; anrj rhe RÀû/IINX taþle,
In f orlä,rticn rèqtlircd f cr th,,+ billinq and settienent Functions is
carri arl wiih eacir toll nasi:ei: i:ecord. Eacn rcll input recorrl is
assiqnerl a uttiqu: seria I nuni;er, Thc i-nput tctl rs a sôr-utce document
and nt;lst be r-etairred rn a Iil-rrary fr¡r 6 mcnths" The tol1.s are
itre-serial-iz¡C i¿iiÌ: a ^surface-sr--.ãnue,1 se;:ial- numi.:el. All rejected
tolls are pi.iileti rrs:-nq this serial nunÌter. Re jected lo.l_t s are manual-1y
corr=cr.:d ani re-sui'il i*-te¿.

IT]?I]TS:

lllarlçsi3rìse tc11 cai'd:; ârtrj pi:Ëpall€d by .,*ll_rJpÌrone oF.ijltators fcr ilcst
cal.l_s r*'hicir ¡Li-e nct dialed dir¡_.ctly" Ti:a::e ca-r-ds àce pre_pllocessed on
a 51! i'i,irl<se ns;e i:ê,rrler nuncÌr.

Papersi.ock ioll cal,ls al:e :ranrleri r-ten by ielephcne ooeralors in
manuå1 offices" These inusi i.:i: i<eyFtncllrd. 1-:,*.fci:e sub¡nission,

incoll-ecr toll carCs are rêceivert frcin othe.r compànies" They are
c¡ I I c nri ryi rrl:11 ín ô. Iì)t-hei companyl.s are.L l:uL i:i1leC to this conpany,r.L4\J rir!{

Di)D r-oils âre teceíveil cn a 20-ch¿¡.nnç¡1 paper tape" This tape is
punchr.:'ì in i"he Central Oif ice by prr.p,:3r tap<-. punches hcrokecl dire c+-ly
into t!'re swltching r:qu:_pment-" No prior prccessinq rakes pJ-ace f,o::
t-hest+ to11.s.

The'Ierminatinrl PoiËi. Ij-1e is an ind+x sequent,ial file containinq
all poit-rts in Ì'üoi:'uir ¡inerica to r¿hicÌr ii is possiblc tc dial. The place
nanes a vcrtical arr,1 e ìroriz¡tn+-a1 cccldj-riatea and. set-tleineni
inforn¡:ij-on are stored r¿i*"h each rernirating pcint recorrl"

'rhe oriqi-n¡rtinq pr:irit- t¡ilr is an i nöex sec{iient_.i ar f ile contailinq
a,-Ll points fr:on ''¡hich a 1tsûï in t-h-i-s'r-3lçJphone ccmpany may placo a
call- Th:-' pJ-acti nalle, a v,ertj-ca1 and a horizr¡ntal coorilìnai:e,
settl'tine¡it. anrl. i:tlli_nq infornatiitn û._re stoi:el fcr each reccrC"

'tlhe iìÀc/iirl.lx table is a binary cocled table r,rhich is rnaintained in
ccrËi ¿Lnil conf*ains bj-iiin<; infc¡:n.rtìon for each oriqinating ijl{X anC R¡,O
ftoin ahi-ch a ìrsrr- of lhis L*rephole coilrpilny may prace a carl,
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;--llí'lIJfl1a..r,_ I r_ rr L,J r

Thc Toll j'iasr-'rt. 11 i-'l c ccn'i-ain.i the expended tcll record for Êach
val j-d in prr t- t oll tiarlsacr_,j_cn.

ilh::t:l iìeilort fi-1e:: ccntainil ,; tclf t,È-jeci infc::mation anrì Central
OIf;ice sta'i-istics aiÐ prc11tcecl,
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T iJ.Lt i.IIìTi ¡íG PlCCESS :

l_lÌi

r-cll call r:si nq

Rate Tabie "

â.r'1 l-¡1 l-: lxr-- :e ìin g

100 iirinrrtes ili lenr;th o¡: ,'1 0î in v¿Ll.ue ¿:rre reporte¡1 "
OD€ra+'Õll-rât-l:il calls uL:ich Ciifer f roin thi-: ccnpu tei rati]]g by

inore +'ha:r 10.Ì1 arc rr.:pcr'le d." These tcl 1.s e-t:e pulleil from the licrary
altcl -¡eri:ied" Stat-is;t-ics âllc rnaini-ained of each operator{s r,i:;rai_e11
LÕAi5a

A slatis+"icaI selmpLing of i--he tcl_ls is repcrted, L.as:d on
p.ìr3"neti:i-'i sp+ctfieri i;y cciitpany auditors and vari€{l over time"

T}JPIJTS:

The 'llc¡ ll i"iaslÊr f iltl ou1- p ut f rcil -.iìe Id,ii- ani Ìixpanri .ûrocess,
The 'lloIl Rate TaÌ.;l-a'¡lLich is r,ea.d. i¡ito cor? anil processed r:sinq

rlat-eu t-ì lne, caii t),irÉr an,1 cl-¿.ss, ârri1 V t il inf ornation as inilices i nto
-'-lt€ì i:aÌr1tl" This tal;l"t is vell:y dynanic sub ject tr a nì ncr chanqe at
ieast rJnc"r.i per nion,cli aili-i a naior chanr;e cnce or Ll,¡ice a year.
SCCaíjì:;1¡¿]_l_Y +_ir'L S*.f uCtUi:: ol +. ll: taltl,: châ:r.r1s nâ¿-êS:si t.cti nrr ¡hanr..:
to th* ra::inq pfocess"

íJU]]PiJTS;

Àn iìP;1¿-"ç¡1 'lol-1
inforaaticn for êac!\

-r-'ran:;action ,1.i1e which ccniains the iatinq

This proccss c¿il-cu1;Ìres r:.le cos.t-- of eacj-t
1iîjn,1 ti-cn in :ii+ 'ioi i i,,,t¡.,-cr- iil ìco,f ri anC the Toil

iì li¡'iscll¡."j¡j-,ii'r:i' .lj:.cil lr; üc.i,l;: o: j:årjh .,_cil-

llasi-er
1/\t I
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"i ::, r', t ;:)

TÌris is pira:iì.ai:ilr¡ a rì.íìîiJ:j ''urci-i¡n. Ti:e llli:j-ileiL Toll Íestù:: File
is ine.i ll+-¿rinerl i-n bil-llnq-nuni:er seiírìcncLr, Each bi1li-nq c-ycl-e ti:e -,-olls

for t-h¿i-i c-vcl-r: atî L-'e rrlc\.re C iron the f ilcl an,i tir: renai ninu frle
treccr,:s t-h,: UlÌ-.:-llcC Tc¡11 lìÍ,ìs'Lift fri'--r.

llach Custciler lllastèr: 1ìecord i s natched i-c the Unhilled Tcli- Fil-e"
tr'ihen tcils are fou-r.d forwhrch ìû nast-er i:xisLs they arÊ reporterl.
Each cu:;f-omer urâs*urìr cr:ntar' ns ;ì inaxinlin to I I v¿rlue" i;hen the
acculìiìlated tolL valr:e exceeds +-his amount i¡y mcre than 10T' thi:; is
repcrted. Filai custcmei-s (ie cu.q:oìrcr.s ,'r*ho Ìiave aske,J to irave therr
pnones rli'l¡¡¡et'i ) arê rlporreil for a1l- +-cl1s and a special in,,1ica¿ion is
qi-rren v¡hen t-olls are founC t'ii-n a date aft-er t-hç: custcJmers end of
.se rvice r1 ate "

Tcl'l "s o1l thc: input. To11 lla,ster
crr:;1-oncrs in this conìraily arc no: '*Jri t+ren

llile r¡Ìricl'r a re not billed to
to the unbilleil fiIe"

I}IPIJTS:

Tôll l{aste
þy c"iate of to t1

r Fi ie

"¡ithi n

cutpi.t-t frr¡m ihe Toll Rat inq procêss in seqì1ence
hilling j-n f crmaticn.

billint¡ cycle anrl

lii]!,¡ ilnbí1led TclI lriie in sequenc€ by date r¿ithin brliinq
i;ifollta t-i c n"

iì.fF'orts shor'¡ill<J unLil-le'1 +-cil valr:es by

siaf-istj-cs on .Lcll qu¿rntities and rlol lar rralue,
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c;_il'?T l,-;.if ü I ?I0C .lSS IS:
,¡:l-I op€rating conpenv ortns anrl operates the ci:ntral_ offi63, A

billinq coiìì Fally b.anrlir:s 'the ì.rì-1liar; allrl <;ol.lection of tcif revenues"
flach cÕinpany is e¡:t-j-tlr:å to a iráìitcentag,e of the cal-I r¡alue-ior
servic¡:s perfoi:titsd, In aClit-:cÌro :rrhct a i-*oll call- j-s ha¡r11li:i1 'n-¡ nore
tÌ:an one r)pcrar:nq cc'rrÐìÌt]'¡ cacii ccnpeÌty is:ntitlecl to a sha¡:e cf t_he

re\'/enuc:ì. The rlc,tei:nilati oti or tlLes¡: pei-centaqes anil tìie aliocat_ion of
revînries is a f unr*"ion of the Sef tlenent prccí:ss.

CREÅTE STTTT,Ei'.iEÌ!T R ECOiìÐS:

lìecor'ls are assiqned se*"'t1i:ment- a¡rd traffic breakdor+n corjes,
tsased otri 'ihe Lo/fron iniormaticn. À hr:eakrloun of the port-icn of the
call- rer/enìl e Cuc each company oiì t-he call rout.e is,1 etermine¡1 , The
sef,tlcnÈnt re<--ori1s incl uCe cr;ly lnariçsense and DDd tolls- paperstock
afÉl not- .settled since they are int¡a-ccmpany calls. Incol_1ect-s are
rrlceivcd frcrii o'cl-ì.rr billinq ccnpa:ri,:s anC irave al.reaCy been settle¡1.

I}'iPJTS:

lllhe TI-1.I
.serl; ìrencê of date

OI.IT PU? S ;

To11 5cttlement !'ile
inforrnat.icn"

Eeportinq of reve,Ì'!ue
guanliiy an.å tinie"

Fi1.¡ out prit f rom the r',rtinq procÊss anil in
:c)Lïinr:,r ntt 1:oin*, LJirìLin crigirrtinq point,

',¿ith settlcment an11 t¡affic break,lown

brcak¡1oun and staiistic.s on cat I vo-lume;s by

i"rùster
vi ¡1,i n
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Sn'iTLE ilEliT I'i EcGI :

The ,ii:.1 l- S':-,_ì:l_,f-:ilìi_rij; IiLc i:; accirnula*re ,f, af i¿:r each ra'tì nq

process" Thc fjlc is nairi-iai;ieri afior each ratinq procss:t t^ritìr netd

sert--l-r:ürcä1. tclls bcirrq a¡lii,::d ir sec1r1ç:¡sç i:û +-Ìic existin,j .1ccìLntulation"

EaclL sctt. lement Ðer riod ';he setl:ienent r:port-s aire run anrl a1l tolls
in'¡c1v+-d are r-s,moveC fron tiie fil="

TITPIJ!]S;

Toll Se .li--1r+nenl Fi l-c ne',¡ i-ransacrions 'r¡hich have be en createC
frcn lhe Creai.e proqrafl"

Ð LiT ?UT.5 :

Ìie'ø Set-tlei¡.ent i"lastei- llile conta-inin(t only tolls after the +,oll

set-'uicmenl ce¡:iod "

üiltcollect- fi-l-e in toIl i¡ftaqe forn {ie; B0 ciraracter r:ecr¡rd of
inicrriiaticn fe(lriir=i f-c i;il-1 ;iir¡i no'u iircluding piace tanes ei"c") "

lìepolt .shosinrl tìre Settlenent- RevenLre Breakrlo'¡ns by on+ratinç¡
co[ìpany.

iiats Biliinr; Tnfcl_,uar-:-cirì ãûri. st-a!r,€iÌr.eÌìis fcr cust.cmers in sêquence
by i{ai. :; as,sociat erl r-<':}-ephoìle llilrnl,-,cr"
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Pr:r:i.¡lcils iJitiL 'flrû B,ì i:"ci: ljysir.:n
!ne tl.:ajci i)il'l,,1,¡li r'l:--i-h i,ilc lìà+,ch sly'sî-eir. is the lupiication CIf

de: 'i . ':i-1 
i: ¡i sllcil tr 1-.r-:- r.;r' ',':j j-i;. lrì .,: ;,,: .1 ;i¡iì . r is irili ¡;*:;:;iÌrre to sor:,a ï-he

fj. 1rs i;l: ¡i: ¿:. :;ì.lj':ii at.'î¡:'i.i. l-.,:ln'-::lit- Ì-arOCe::S Is tC ;,,?n" îot tj"lis t,3,:ì¿.rífÌì

two copies o: iilc f :i1',, .ìl-o .l ,r-intainc"i in appltOpria'ue seqrìences"
As a result oî'¡-ir ': iiala 11 uplicaf-ioi: sevei¿r1 prci;1en.s arise. It is

r11f f icr:Lt- t- c bal ance lire tott c¡uant-it-ies cn the t-uto files sinc.¿ ihey
are pì1rged at ilirfe::ent rlates, Thc Auditors an<1 operatr ons staf f have
'Cif f icultY ensuri nq ti,a',= j-nput +-cl-l:: are rrot inissed f rom cne
suit-systen" This i.s particularly critical'¡hen a rerrtn nu:;t be:lone
because of a liarrluar:e ct scfi'.darâ ei:ror"

The cxistinq systeü is strict-l y s'?quenti¡-I. Enquiries aqainst
;ra"rli-cular -i-oLis or telephcnc numbers req'lire a se.:Tuential scan of the

T¡¡11 eåit- r: jeci to1ls carìno +- be re-insi=rte11 into t:he billinq an,j
set-tlene-,nt- îiles +uick1-y. Thc cosr, cf runninq the'¡hole sy:stein for a

snal'l nuiril¿ir cf t,ol j s is; pl. ohibitivc" Be car:se cf 
"ìre 

serquentiaJ- nature
of 1:he :;ys:t.em evíJry tcl -l oÌ fiic inus-. be passe 11 ev{jn rr¡hen inpu+,ting
only a :;ina-'T-1 nurr ber of nÊu tcils.

lhe 0riqinaiínq and Terminatinq Foiir+- files are freqnentlv
upCateiì tc ra€'l'.^+! v .L !E U ( i.nfornation received frcm cther conpanies

r-ì -^uuL!eurriirJ ptevl-cus e rrots" chanqi--s lo -l-hese files cannot loe reflected
in the batched tolI files af+.er the edit stage withorrt a cornplete
l:escan cf t.he files" Frequerrtly this causes problems in toll-
colrection when tol 1s are ret u¡n ed þecause of a cus+.ciner complaint,

Neu applica,tions 'orhich requi::e that t-l-ie tolt fi-les be procr?ssed
ín úifferen+. sequences are expensive tc ojJarale" l;it.h an increasing
nc:11 for stai-isrics as ju;iificatioli for r¡te apFlicaf.ionsu the t-o1t
files ar-ê beinq proce.':seti to psorlirce i:reakdot¡ns on many cataqories not
anticinatt_il l+hen tlie sys'Lerììs i,rerð clesiqned. Future reguiremetit-s
rlictate that- t-irr+ cn-lire file must be used in producing sratistical
anal-ys isu rat h*r tìlar a s.jlect,:rl s¡ì:tp1irrl as is norri don:, I'h.J prol.llem
of- s'rrtinr¡ s:tch a vol'tn: oî r-:ccr ls i ¡:tc nâny an,1 unf orscen ..ìequcnces
lequires *lhat a :;clulion T:l found whicÌ'r al-lows dynainic enquiries
',Jl-+"hoi,l i, the lrelcr:issity cf const-ant11z sorting :he files" Such a

fecililly nay he providr-,ti by a ¡lataba.se"
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A Ðàt.a-base :-:cI ut ì cn
iJ:,ri:.i; i_ìrrr fa ::l_itres i)jl t-h¿

{f i,rl) it : s Þosr;ihle t:r: rl:^çi qn

s j ngle occui:ÌtÊtrìce oi Ine iìäta,
iriesont an,-1 and futura ?_e,.,¡rt-i ramí.lr:i_r;_

rf ld{l look at ihc cxisti-nq applj"ca+,ioirs, twc major ì¡ierarchical
cat-a sii.ìlctulles arÐ bcinq ui--iliz:c1 " Tìrese twc.structurÉJ.s relate the
sian-ô inf.rlrnatj-cii but- iir rliffcrcnt. relationshi-ps" In the totl billinq
suh--system recolris arù rela¿ecl. isy billing*numbe::. In -t-hc:settlenent
suh-sIs+;Ê-)n rçc--orcis är,3 ::e.l aier] b_v -.râific-breakdci.¡n,
pointu t-Èrä"inal_j-ng-pcrlt anil bi?-Iin,J-llunber.

3iilj-riq Data Sf-::ucture

+-*-*- --*--- +

.lOi-,',:'; jL ilat_a ú¿,,;cri_ lt_-l_o Ti :.,..ä.-j,i:t lr.,
a scl:nra l+hich ,,.nccriôrates in.._o a

l-ire structr:::es r+quirâC t_c sa tisf y

I

I
¿

I Ifil1il,; l:corlL

ltil
\i ì/

il
VY it

vi/
+- --- - -----+! t':rnrIÌaî. 1_rl i

i y'J]-n I li iìcor(f I:i--- _____.___+

f

l

I

c

ord

I

I
q
C

Il
I/-;\-L 1r q

R

+
t

I

Ori q i;:ati nq
i,olnl_ .liccord

r

T

¡
+
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s llTTI.IllilÌ,t'i Il å iA STitucTii rÌE

+------- ___:t
I T!*,1 f f ic-Jr-+akilnr,,n II iððòri---

---- - +
tltlit
VV

?-----*-.- __._*+
I Or-rrliltatirrtl rJ Pcl-nr H:cor,1 

i+--*- ______+
lltltl
I'V+--**.*-.-

¡ Terninat-i.nã-----ï
I P'-rl ll i-- Iì,: coi ri i--*-+IIJTil

VV+*---- _____ +¡ ühafqe IJ leÇord ítr____.__ *.___._ +
i¡
J¡

11V
+-.---*-* ____*_:+
, Bil,l i nc i

l :(ecorl 
IÍ'----.*.-- =__+
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Th*' conilirìaticit oi tÌ:.e.sÈ ti"¿o <iat-a struclures iriro a single
sL"-ructt-tri: proiluc*s a iìet''¡orl'. strL:cirrre',.¡hich ca:l be i-mpl*niented and
r...:.sÊil- in ;i,laiah¡.s=^ ¡;l-vì rctirìilr.

tslLlIÌiG Àlill SETTLTIi'iE\lr iÀTA STRUCTUIìll

+-- --- + + ------- T
| 3iili-r,q j I Traf f ic tsr,-..1i<,i.oun I

¡ iìecold I I Reccrd I+-- - --- + +------- ------- +li i ilri il ilVV II VV+--- ---+ +---.-----
I Chafr;= l=='=========)l Ofiqinatj-nq I

I ReCO::ri l(=========== | ll ..:COf d I+--- + + --* --- ---.-+ii
il
VV+*----.-- -------+

J Ternina t-i lq II lccord i+--- -----+
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in i,he l'ìa'ucii sy:ì*-€tr. each riìcord c:' e¡ìc:t frle cûntairls an

ûcûl-rrurÌìc¡ì cÍ each of thi: facorils dcfinerl in *.he iiat"¿rbase sLruct:lre"
Sc*,1 of t-lic .la'.¿lr¿:l=ìj i-ecoj:¡1 :l occLìf rcdtln,jai-itly thiolrJh;nany of tìre

l;atch s.;ys;-Le n L¡:cords,;" A^s:;Linilg ìIì avera.Je file st-ze of 13 * "l 'J>'t*[

recor,ls orì eacn of *ul:Ê rransàc+.i-on files anð a record lengt-ir

{exciu<1in.J space ¡illocat,,:¿ fol- oxp;;.ns;icn) of. 137 byt-es, tì-re seqller¡tia}
and index sequeniial f iles cccully 17" 83 * 10>F'k3 þr¡'t:es of exter¡ra1

-r ^-^ .- --> :- L.' l. alit i o

Tn order ;o calculate ti:e spec€ re Juir€d f cr t¡le datai:asr: 'iata
s:rilcture i-t'js convel'ii-ent to definu: t-be fcli-or+ìng nolat-icn:

lI1 = a uniqu+ occrlrr'rncQ of t-ire Billinr¡ Reccrä"

n1 = expected nunìit,lr cf occuTtrences of N1 iÌt jrhe rlatabasâ,

approximaiel-v'2,5Û0 u 000-

11 = I enqih of lt 1 in bytes ,.:xcl-udirq ccntrcl inf orÍnation" l1 =

n lrl-f o

N2 = a rlnioue occurrence oî.t-ire Cri-qinat-it,; iìecord.

n2 = iìxp=ìCt€)d nunbr-:r cf cccurfsnc?s of :S2 in +-he Catai;ase,

;lu nher of Lln,j {ì,,ìe criqirat-inq ¡roints in thi: llell- Systen ' n2 =

4,000"
L2 = length cf '12 irt Infornation" L2 =

25"

ì'iJ = a uni que o{icilrrenc€ cf t-h<'' 'f ei;iiinating Rccc;r'1 "

n3 = expected nuniler of cccurrencerÌ oll N3 in the 11 ataba:;e" n3 =

number of i1¡1'ì q,t;f lial-ai.¡1e places in Ncrth Àm.èrica and the
r+or ld , = 40,000.,

l3 = l-enqth of N3 in bytes e:{cl-uCing ccntrcl i nformation" 13 =

)-7

N¿l = a i1 ¡1iqirê occurrcnce oi the Traffic Breakrlo'an Record"

n4 = expected number cf cccur:reüces of N4 in the da+-abase" n4 =

avera(Je :rumber of other ccmpanies settled. uith in a nûllmal-

month = B"

14 = lensi:r of li4 in byles c;:clridi:lg ccntrcl information" l4 =

n5 = experjr-c, ti ltumber ci occurr ences of Ì'l 5 in ihe ilat¡:bas+. il5 =

-l Ì:+r toi i call maíii: = 13"Al Cu C00"
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iire 'i.ir'¡¿ì-i :iìri(:i- :-eqti.-tLlei tû ccnr¡ij-n tlL:= ,lata'rase usi ng :he
neÌ-r,'Îol:k :s j-rllcî.r,ti:¡: spr-¡ci iie rì. hcleo 

".s 
t-h.¡ srìa of the 'producl:; of the

d.ata leco¡iì I ei:rtrLlis ¿Lnrl +;heir reslrective rÌxpect¡ii f requ:ncles plus the
pointer or¡¿:rhi:ad" The ,1 at-a s'L.ci:a;e rer;tri.re¡ilent- is 1.9'2 v¡ 1ô**8 Ì:ytes"
The noint-er cver::ead reguires "52 * 'li)>F;r8 byt:s" External storagc
lec¡riirc,1 f-o stor= the ,lat.abase is t.44 'k 10*¡k3 bytes. Tìrís is jitst
ur-lder 50,{ of the i:atch tctal. À savinq of 9" 39 * 'liJ;t'k$ bytes" t¡]hil-e
r,h+.' scac::;a.v:'f is itiipress:vcu :;imilalt savinqs ccu1,ì aLsi¡'r:e ootain:cl
lty other ineens" For Ðxanp1: usinr¡ iìrÌ a.ssembler routinê tc code the
rìata items anrl e limi nat..; nr:ll f iei cls çoul11 likety produce a 30-/-+0Í-
car¡ir',r -ì n '.i-oraqê re.Jìti.red. l{cr3 imporiantly the data is stored
non-reCttrir'iantl-y in the,latabase" Toll quanl:ities can be ccntroll-e11 by

opei:atio¡rs anrl auiii't sf-aff. 1r sinqle pr-oces.si.e.J of the tolls is
suffrcir:ni for botÌ¡ .srib*sy.st,6rns. rn a,lCit-ior: all ct-her epplications
rls:-stJ tiie ¡:cl1 irif orna tion ìr.s{ì exact-J y tlre saine ccFy of r-i:.e il ata"

T'irl: oi:ir¡in¡rt-iiitì .rn,.l Tcrminatinq Pcint reccrds can be direcf-ly
¡:elrier.¡e 11 ¡rnrl uprìai:ec. 11 rr upil.Éri-i-: i s irirretliatel-y lef lecteil in all tr:ll.s
ref eronc'i nq i-hese recotd s,

SÊttlement ;rnð 3ii ling i-cIl-s aic a vai labJ-e f or ranclon oi
seguÊnt-ial i:rocess'i ircl ir,:sed. oJi l!rei r '.le f j-ne d koy f ie1,1s"

llew l-nt er-l-DCoLcl s'truct uf e s càn be aildeC tc ihe database without
inptc'- i,-ri;'lxisti nq e pi'1ica."-i ons"

l'rltìlrc savinqs ar1 fl:xririiity can he rnticipateil a.s t"he Biltinq
i{ast..,.r anrl .'-"r;uipne nt na:ì+Ler ii 1es are int.eqlai,ed r¡ith t-he iclI

i:":- il! ii
l lr

d ataba -qe " e il li- nq

ínform.ation" The

anil i:q::!pnent file:s duplicate all bitlinq
ì nto¡rri-r,ì la j-a irasa allows cu.stoner s?rv'i ce

rçprerientiìti vc,:s lo acc'ess all inf crnatio n about a ÌDarticlr lar custoner.
fieìlaqcllr:nl càr.j €)xpiijcr t-o lr;. 1./iì anslcer.s to man'/ anri. varìed reguest.s.
I"Ìhat i= tl:re r'¿iati'¡nshin betr,Jeen cquipmetl rental and 

"olI 
reveirue?

i'lir,rt i-s t.hc nro-jecle ci rcl l revsnir€;; for this mcnth in ì peiticular or
a-l-l- Ì:i11ing cycles? I.il:at is -'i:.3 pcrceniaqe of 1,a.1 debt rat'io cau.seil by
t';jls? I'llta*' 'u¡culii toll icviìî1ucs Lav: l:lcen il a lifferent tolt ra+.ing
aJ-i:Jori.-,¡rnì had bcen us:ll? Às iìë,J {ìuestions a.rê Cevelope,l na'd :;et
rr:laij-cnsliii:s níty her,/e lc i;e 11cveiope,l, These shrr:l-11 l¡e e'¡al-ualed as
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r.o tìreir'..ì-inpact rfì lltr.: to+uaì- sy-<=-el" Tr- na-v be l.eces"sery Lo inplc:lent
non-nitocitiJ.¡l::el f¿lcilii:-r:s +;c .r.l ,L¡¡''¡ t-h € ci:e ar-icn of teilpcrary ai-eas to
contain 'lat-a r-e l,:v¡:.nt fol Cì¡n.rnj-c r-eqire sts, trn this ''rIay ihe clatal:as<:
-i:e nain..- lnch¡.n.r¡t:.rJ alrri s::ldcrr r.'lse d set ::el¿ti cnsirips ne' e,f not Ìre

nai nia i-n.: 1 :- n the '¡r oil uc -'ion tl aiabase.
,1 sci'Loua DIL ro sp+cily +-hr"s ¡iatabas.,: is rnclulerl helo'n¡, Uany

v;.ritia',-ions of this scircna cai) 'ber envi-sioned antl cnly an olrgcing
nÊa.sure nlelt of t.hti datal-r:"s.-r p:::ioriaê-nce ",Ei 11 f inally il-rtermine ho',q

recor.f,;s and si:ts shou lci .oe 'ie cla¡:e d"
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