
SUO)dct: M~ltlcs Ucit~Du~~ Mana~ement Faclilty 

Oat~: 01/1011j 

lhls Mfa propo~e$ an overall jesi~n ~pprvd(;h for 3 :JoTabas-= 
mancigement taclt!ty for Multics. Tha proposals 5et forth har~ 
shotl be rna tvpl;; of a R~vl~'" M~etln9 rob~ hel') :it C8mOr.1.,.ljc 

(CISL) during the w~~k of F~oruary 10, 1~75. Any ~u~~tl~ns J~ 

comments Cdn bE: sent to m8 via Hul tic,;;; rod! J (FrJ.~sen Mul tIcs). 
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1. Introou;;tlon 

Th~S ~ocum~nt pr0p~sas an 0veraJi ~~~ign for the Mulr!c~ 
U6t~D6~e M~~d~er (DaM). It ji~cusses rhd philosOPhy of the D3M, 
pr~~dnrs ~ ~e~criotlon of the 5Jftw~rb inclu~~a a~ part of th~ 

S),st:':::ffi . ano s-::1s forth ~i2£J.~n .:Joals. If 13 .&.ntt::ndea thaT thiS 
Jrot t wJ.I' oe ~3n~l~~r.;;;J d foedl POI')t for jl~cJ5:ilo"l of pv~s.i.iJl~ 

r\:,vi:i.i.ons or ennanCements to th~ J:3M, out of which will em.;:rge 

Tn~ Multies JdH ~hdjt De Jds19nej 
- to provl jt::: rne u:.it;;r wi. th a J o;Jlcd I (rdth~r than 
phy::~ca I) "l~w of the jQtaoa:.ie. 

-to d"ow jy~amlc r~or~~"i2drlon of tne jarao~se w1th 
as littte effect dS PossLoJe on the dPpllc6tLO~S 
u~ln~ The jataba~~. 

-to pro~ije tne u~ar w.i.th sim~le, v~rscitile onJ ~€~ur6 

dC~~~S t~ Th~ odtciodse. 
-to allow jeflnitl~n ot t~~ oataoase Oy ffi~ans of a 

Odta Jescr~pt,on L~njuaJ~ (OJL). 
-to ~I'ow man,pulation ~f the ~6ta witnin th~ dar603S~ 

Oy medn;i ot .;. Oat) M::inipulatLon LanJu;.1:1~ (JML). 
-to provlje thd us~r witn 50m2 m~ans Jf r~~ov~ry cinj 

r·:-:~t,jrt. 

• to piCi\liJe Tht:: usar wi tn thE. ajvanT.J'.H~S c·t tlI-O-S 
II-ILk.;: capaoilities.·· 

T~~ p~rpos~ of rnd MultJ.cs DBM is r~ ~roviJc a~ i~t~gr~Te; 

Set ~f fJnction~ To ~upp~rt thd jasc~iPti~n ~nJ p~oc~~sing ~f 

t~(~e ~at~oaSdi for the ousiness, dca~emic an~ Jov.;:rnm~ntal 

c"mm~') J. t It:;~. 

Se-.;~rci j factvr.i nallt:; J.nt tu~n.:.ej the overall J~s.i9~ pni l':;S0Phy 

<...1 thi":: prOPQst:o LJdM. The fot lowing fa;:tor~ a""e':)f speclal 
s.~ J;I' t" ~i::HI(.e: 

.. 0flV.I. ... o:'m2n t 
Tht: 08M Sh311 opCrjt~ ~s a Mulf.i.cs 
.;)...;o~v;;t2m "';S.L"l;J Th~ Multi.::s fil...: ~y~tem tc 

~dvanta~~ an~ shaj I be riri1ten in tn~ PL/l 
j.)ro~rammLn9 Jangud~e. This ¥lit II prcilij~ 

~ as e 0 f pr 0 gr am m =3 in t t..: n Q n c ~ a ~ wei I .:if S 

consi~tan::y with otnt:r i1uttic:. softwart:. 
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-tangu3ge int~rtace3 

Rat n e r than ext ~ n J t h I:' ~y n Tax of on y hJ S t 
j onjUdg~, th~ tJf1L vd t' be JeSL :)f'.~Q to 
interface wLth its host 'an9u6g~ v~a the 
CALL statemant. Thl~ ~lll provlj~ a 
ralatlvaly sLmpl~ ~nterface nechani3m anJ 
dvoid tne praoJ&m of mOJlfyin~ tne nO~T 

IdnYUage. InitLdlly tnis inTt2rfac...: ~u" 
Oe provloej fo~ PLll, O .... f It couf-j t:!d~..;.i.ly 

O~ ~xt\:::njej to .i.ncluJ~ FORTRAN onjCOBOL. 

-sJ.mil~rltv to I-J-S II 
A ;> r i mr.: con ~ i j e r .:i t i v r 1 .l S too f f ~ r the '.J ~ ~ r 
ItI-w-S II-lIKe cdPaoLIJ.tl~s." Thi.:. has 
ocen int~rpr,~teJ ... n d yenc::rdl ':icn:>t2. fne 
uSa;:rwill O~ prOV~"Ji.~j with toe g..:ncrdl 
f~nctionallty of r-0-5 II ~nl~h l~cl~J~~ 
tnOSt f'.Jnct .i.vn~ nr~~'-.A4r"';J to suppa:-- r th....:: 
j~scrlprion' manLPul~t,on, r~structurjng, 

rc.:vv€:ry, ~~";;;'.Jriry, oO.J analysis of d J.=.T,., 

uascl," (I::.ll:.~_ll_b..Q.:i.' p. 0). 
Speclticalt~, tn~ datac3sa on ~ni~n the OBM 
operates ·:;nQ' j Oc C.;iPdO' e of supperT in:] 
~ l II 9 u , a r, h .i. e ~ d r c h 1 c a I dn ;) :'\ ~ t w .) r k j d t a 

;tructurii!5. 

-oard lndepdndence 
Data lnJep~nJence i~ a key 0bJ~ctl~~ of th~ 

OeM. G..:;nSB:lu0'ltly, the concept:; of '~che:nc, 

~nd suo-~cn~mas hav~ o~en utill~~J. AI~o 

contrlb.Jtln-) to j·.;Jt:.i in.::lepenjeDcB is th.:. 
u::;e of context vdrlaoh:s to re'E;r'~ncc j;;.tci 

r.;: 1 e me; n ts '0 ':J .i. -:a I I y t r om w 1 t h J. nth e U I1L • 

·~atao~se ~eor~~n12ation 

"r~co\l~ry 

rh~ DaM ShdiJ C~ Je~i9neJ ~o tnat 
r~organllat.on of The jdTaodse(l.~., 

rdctu~terlng), dS ~~II ~s 'ra~t~ucturing of 
rhl; ddfa Shalt not O~ ~ cJsrly anj tlm~ 

c~nsumin9 process. FurthdrmO~d, jaraua~; 

ri: 0 r .9 0 n i Z ~ t lor. :i rl a I I h d V e ami (. 1 m a I E: f f ::: ~ t 
on us~r ~ppllcat~on pro]rams wnlch us; the 
Jdteabas.;. 

UQta~ci$~ rt~OVdr~ anj adtdoa~e 'nt~9rlty 

dre two m~re key ooj~ctlv~i 0f tne J9M. 
C~n~EQucntly, Tn~ O~M ~h611 Incluj= 
prO\l~s.ion;; fur marLJdl'y "cleanpolnt.i"~" the 
oaraoas..;. Thi~ will aile>,. for "c4ci.n" 
Jatao~s~ d~m~i to t~pe ~n~ prov,jc 
ossuran~e that tn~ LnteJriry of 6 jat6b~S~ 

L5 not impaIr<i;;:(l jurIng recovery of tnt 
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1.3 HuJtlc~ dnj l-O-S II 

Th~ impl~m~ntatiJn of I-D-~ II on rh~ Multics s1~rem h3~ 

U~~~ c~ns!jeraj fO D~ ~ JeSir~bl~ ~bjdctlv~. This WCul~ SEem to 
Oi;;; tr~l:: only 1f I-J"'S II.5 dctln<:~J in th~ mo.;t gent2raJJf terms. 

S~me i·O~~ II fe~ruras i~dm tJ De aT v3ri6nce wlth the 
ph~losophy ~f Multics 0peratinJ procejur~s. 

·:;hair,s 
J~t: concept of "chaini.ng" r~corjs togeTher forc~s a 

(;onSiva"'cibla :legr~8 of tlharJ t() chang.::" stru;;ture onto d 
~ a r aD 0 S e • For i n :i ton C~, 1. r l S ~ u i t e j 01. t f ~ cUi t 1 r, I - 0" S 1 I 
to .J~C'dre an €:xJ.stlng r~cord type to bt:: 0 new memoer of an 
~X1~rin1 set. The lm~o~ition of this s~rt of pErmanent 
cxterr.al;tr..Jctu"'e ~c:cms tv riJ() CO:...lnt~r to ~~neraj Nul t.i.c~ 
Ph~losophy. In Mult~c~ the dct~al cinjing (i.~., 

~trucrurJ.n;J~ of ;ldTa J.S u~uaj t'l con.:ellr1e..J of QS a jynami'c, 
~ d r hE: r t ho n 0 ~ tat l c , pr 0 c ~::; s • T h C:! II 0 l n j j, n :;) II 0 f j ~ t .:j 

i:J~m,=nTSi J.~ u:;ucdly postp;)ned until the last possible mom~nt 
(~T ~x~c~tlon rim~, for ~x~m~I~). A~mitr~j'y o~tci e'~~:nr~ 
.1.[. '-' Jat;"JboS~ mu~t Cd ~tr',Jcturcl;J t::> 0 hi~he- Je;,ret in3(; 

nOG-QotaOdSe ~I~m=nti C~C~USd of tn~ ~~Cdssity, rl~th.l.~ 0 

::ldtabq:;~, t..:i carry aL)ng (or "rE::m~mocr") relal~onshlp;;;,. 
1\j\:!\Ji::rt~eless, it ;....Bt!rns aj\lJ.sobte to allow SUCh relotj.o()~hLP: 

to O~ ~s ~ynamJ.C b5 possible. 

lne:: ";hdJ.n.i~::l·· of r>c:cvrds a j sa") r~n~.:i to I J::;i: much of 
• t :; ·oJ s c:; f .... I n ~ ~ S d ;.) t n e :: h a in poi n t ~ r s b t:;: com e m 0 r i:"' 

~nrer~r~tive. Th~T is, th~ most eftlcl~nT chal~ pointer3 
ore thos~ ~hicn dr~ ndrj~are Qrlent~j. But it Is nut 
rt;:all~tlC to think in terms of harjwar<? or1enreJ ch31n:::; 
~J.Th,n th~ framd~~rk of the MUtt1CS virTual memorY~Y5t8m or 
th~ Multlc:i til~ ~ystt::;;m. 

LO~i~~u~~ttYt the dntire conc~~t of 
~~~m~ rQ c~ ~t u~ty lAmitej vatue with 
Multi~s oper~tin~ ~nvJ.ronm~()t. 

-~r,:;;as 

"chaln~o II 

reference 
reCl)r:lS 
t:; the 

I~~ con:ept of "are~" t a~ use:J by l-u-::> II, st:;~ms we II 
SUl. te;... to I-J-S whert:: l. t i~ n.:ce,i~ary Tv "reserve" a nurnoer 
of fije P~J&~ urlor to u~age o~cau~e tne CALCJ.~~ algorithm 
l~ d~~~n~enr upon tne tOTal numoer of file p~ges ass!gnej to 
th.; '11 '::! (or :;rr;:cit Clr j6tdbas~). TtlE: conCEpt 1s 31 s') :J 

"notur~I" tor :;COS u~ers wno n3V~ b~com~ accustorneJ To th.4nk 

,0 t~r~s ofrds~rvlng file spdce betur~ ~ct~ally ~~in~ the 
til t • 



Thl;; U;jrt:;a lt conceot, how~vt:r, seems 
ph j, I o·~ c ph y 0 t M u' tic s ... n d r t;: 1 n It f i I e 3 p 0 c e .. 
memory ) 1 ~ a t t 0 C3 t e .:l an jus ~ j as n ~ e j € j • 

a I L ~n 

(or 
to tt'h: 
vIrtue;! 

Th~r~ ar~ ~~ma lnh~rant ~hortcomln~s 1n r-a-s II ~hich ought 
te oa avolaeJ if at a. I posslbla. TnBse ~lsa~vantages 3rE 
~ssli:::ntl.olly th~ Sdm€ a~ those 11stt:j in L3M lI s critiquE: of Ogr::; in 
tht: ··Posi t!on P3p~r Pre.;iented to th..: ';UiJA:)YL Pro~ramm.in9 l6r,9uag~ 
Comroi t tae" :L::itcj H;JY, 1971. They may oe gruup~J undt.!r thrt.':
gt;n~rol h~3jinjs of jata indepenjEH)Cc, j;;jt~{;o.:;~ r2crg.Jni.£dilJl. 
anJ J~l cCffipl~xitv. 

-Oata Ina~Pdnjenca 
Th~ r~Quirt:d areas of corr~16tion D~twden thd u~er·5 DML 3nj 
tne ~~hema DUl ar~ n~m~rou~. For 2xampl~, rne formdt of a 
FINO stdtemant is jep~nJent on the location moJa ~!th which 
the ~oJght-~tte~ ~ecorJ was ori~lndt Iy stored on th2 
j~tab~se. Such d clo~~ d~s~clation oEtriee~ DOL an) OML 
me::,ns tnot oataoa£e reor::J3n.i~ati on wl j I more than j i.K~' 'I 

impacT u~~r app'ic~tlon pro~r~ms. This is an ~~6ttracrlve 
imp'lcotlon. Tl1e lnter-r~l:~tlonst).i.p octween UML dilC] scnemo 
DUl co~trloutes towarJ a tenj~nc'l to restrain the ncit~raJ 

evclurlon of tne jotab~sa str~cture. 

-JaTabQ~e Reoryanl2ation 
Jne r~o~ganl~ation of an 1-O-S J~tdoa~e Jenerall'l strikes 
faar i' the he~rt of a user. Not onlv is the pr0ce~s co~tly 
anJ t!me con~umln~, out 1t muV alsu s;rlously off~ct vdrious 
user pro~rdm~. NonetheI2~~, it is unit re~~anacle to ~x~ect 
rn~ type of jemand~ ma~e upon a Jatao3se to cnon~~ as Tlme 
P":'SSt;;~. As these cnao-:::jc;; JeveJop, the JcitaodSt;. W.a. I I ,JnJ~rgo 

some lransfo~mcitLon in app~arance. It tn~ t~~n~f~rmations 

are such d$ were not aJ IOiN~;) tor (Juring tht:: lr • .ir161 I-J-~ 

')dtabose >J6s1gn perIod, tncn r~or9dniLdtlon, rt=30r'.J I 8';;.$ of 
cost, b~comes a necesilty. If insranc~~ of Jar~oa~~ 

reorg~ni~ation a~e naces~ary, they ouyht .at I~ast To bt m5j~ 
as pcil,'e~~ dS pO~51ole. 

-OML Compf~xlty 

The compl~xlty of th~ 1-J-5 II DML l~ imm~jlaTely oov10us to 
anyont who care::; to ~xQmln~ tne Idngua]2 syntax an.) rut'::;!:;. 
Such complexity is parjonaol~ 1f the ajvantagas ga~nea 

rh~r~~y are ~ufflclent to ofts~t tne 6ssocl~teJ 

Jisaavant3ges. It s~ems, howew~r, that the only real 
~awant~ge ~ainej oy this approach is thaT user application 
progr~n~ dre al tOWt::O to copitdl!L~ on thE:ir Kr.owle:Jg02 .:if 
phYSlC~. storage l~iosyncracies (~UCh as wheth2r ~ r~cor~ 

~d~ ~torej Wid th~ CALC location mOJe). O~ the ctndr h~nj, 
tne ~i~ajvdntages of such a complex DMl incluJe tn= 'o~s of 
some jata inj~D~njenCe, an incr~a5t;: in ~o;t; ot Jebu9]ing 
anj lmplementin~ us~r dppJlcat!On programs anJ a forcej 
commiTment on the p~rt at th~ u~er to O~ contanT with b 
r~lat,valy statiC anJ unchanging Jat~bas~ ~tructure. 
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Attempts 
.).\.sa~vant69€5 

;;h0tJlJ 

o f tn~ 

De maje to vVdr~om~ 

I-O-S appro~ch, whll~ 

the~e obvlo\J$ 
at the ;;amE: tl.me 
~horrccm1ngs. 

Tn~ Multic£ UaM i~ to run as a Multlc~ ~ub5ystam and wi) I 
u.:> t;; tnt;; ~ tan jar j M ;J' t i 'C '5 f J. I e $ y 5 t €; m • A J I .J at a set I lOw lit 0 t 
p~rformc~ by tha ~tll~ 110 mooule. 

3. UQtdod~e Manag~ment System 
The UbM 1IfJ.11 COn.iist of e;;ii~ntially 

-tnose mOduJes concernej with 
orocd5~in9. 

three ~l$tinct parts: 
sch~ma oeflnirion an) 

~ I , 

moj\..i.e~ cunct::rn~.:l with sUCJ-~chem3 o~flnltion 

3'\) prJ;:t:s~J.n9. 

-th~s~ moj~'cS concernej wl.th run-r!m~ proc~ss~n) a~J 

j~t6 m~nlp~ldtion. 

l.n\lolv~ 

-Th~ u3~ 51')011 oe ~esl~nej to a. lew th~ u~~r as m~cn 

jat~ l~JdP~njence as possiole. 

-uatdbcii€ r~organ~zatlon 5hall bd a 
"JaTaO~~12: CiJmini stra tor" anj sha II not 
~ppllc~tion programs. 

t un c t 1 0 n ;) f a 
aff~ct u~t2r 

·O~to 'rE:Junjancy ;;hdJI Ot: 

~aquir~J onli to a v~rt 

::. 'l t i r y _ k t; y :; ,j e fIn \;; joe I Ow ) • 

kept To d minimum, 
'lmlte~ extent bV 

t-;.!lng 
the 

-The ~ALL L~t~rf~ca fo~ th8 OML will make tilt 23M 
"'un-tJ.m~ rv\.Jtlnt:!;; ~dSLty ::aVdlldble to proJrolli'::;; wriftoer, 
In l~n~ud~~5 oth~r than PL/1. 

T h 'c; r Q W j a t Q J a :. e w 1 I I c on s 1 s T ;) f a $ ~ tot r 8 I a t ion.:; ( f i I e s ) 
i r. f h J. r..l I~ c r m a' Fur en :2 ,:;; de fIn e jOy t: • F. G 0 j j • The v n I y n orl - j ~ t d 

8ttrioUf6s cont~lneJ ~lth~n th~ jata_r~16tlons Shdll be th~ 

uniqU~ ~j~~tiflar Jen~rataa by fnci OBM for inter-fIle linkdge 
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purposes w.i.fhin the MultiC:; file ~y:;tem. ,4·,1 fll!;:~ cr~at€,j oy 
th42 DdM Shol' th~ :.r.:dTt::.l 0)' th~ Mujtic~ tl'e sy'~tem. H~nct, th~;y 

w~" be o';·tr€i: r!l~s..l~ .:JefJ.na.J oy O. Knutn. 

Jt;!flfi~tion:i: 

ie.lllUo. i ~ Q C. 0 J f ec t 1 on 0 f t:: n t J. t 1 E; S • I tea n b .. , 

~isuallzej as a two-jlm~n~ion~1 taole Wher~1G the 
c Ii t 1 t L.: s a r ~ the h-l r i L on tal row s • t. -3 :: 0 r::: lot", 0 r, J.:; a 
"tu'Tics file. 

~l.l11Y is a 
c:itdoILSh~J cit 

co. 'eetion ;;f 
schdma ~efinitLon time. 

f" ." , r· -j.I ':::I ... _ 

!11c..iQ.~1~ i~ dnalo(~vus tJ .. t~t:'u ndme" unJ mdY [)~: 
1/. i :; u a I J. Z t: d Col S t h ~ col u m Ii S oJ fur <: , 0 t 4 on, t.:; t a () , 1; n L' j 

at ~ch;ma J~fJ.nJ.tlun tlmd. 

v.. aJ.~ J.:.i d Q U d n t J. t Y d S S :J C 1 at>;;;! J W l. the d c hoc cur r t (j c ~:: 0 t 
ar) attrLDute. 

i:.l.1l..tX._i1~l. is the I o':llca I d ttrloute (or co j It:c t lQr, of 
attribuTes) which ~ni~uely ~eflnas each entity. 

;, a1.u_ Q ;t.tb. i ~ a f J. n k age 0 t: t ~ e ~ n t neE: n t i r 1 .;: S 0 f two 
... ~ tot i.;>ns. A \Jnt- lt4ay entrY_Pd ttl c I lows. p;, ssa]E:: from 
3n ~ntltt in ~~ta relat!on-A TJ dn a~~oci5T=J enTity 
i ') Jar d _ r e , a t i 0 () - J. A t 14 0 - Ii d Y . en try _:) d t rl ~. I I J W S 

P 3 S.s.3 9 e a s wei I fro m t h t:! '= n t .l t y j. n J 6 t 0 _ r ~ lot 1 cr. - J t Q 

the dssocidT~j entLty in Jata relation-A. 

~$l~.Q.C;j rt::f~r$ to thi:! suu-SChamd j~fini.tlon of or,e Of 

n or ;;; 2 n tit ... e s • I t i $ t h 6 I (.);; 1 C jl r e pre ~ e n tot i 0 fi ') f d 

grou~ of dttrillute.:a; as .:;aen ny th~ .J~t;:r d:.;~li:atlorl 

proyram. 

Ei~.Li refars to the s.Jb-sch~ma jf;tinltloo Cit drl 

dttriouTe. IT 1s toe IO;JlCdl repr~S~nT::it l on af C3n 
attrlbJte as ;i e E; rl oy Thd user 3~iJlJ.catlon "r..:;.. ~('am. 

As a 9~")era I rul c: there rill J exist 

-on~ Multlcs tile for eacn normalli~j relation. Tn1~ 

file .inc" I conTain all rh~ dttrlbutev-alUes of ea:h 
a r) tit V 1 r~ The ~ pee L f J. e j rei ~ r 1 v n • E. a c n ~ r·, t l t y s h 3 I I 
J~ a JOglCoJ recorj rl1thln tne MuitLCS fll~. ~och 

a~rlt)' shalj contain on~ (or a ~umo~r of) 
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~ttr~o~t~(~) con~titJtin9 an ~nt~ty_k~y. Th~ 

;::ntJ.tY_KC:::Y ;;ndlJ Od \I!:jiofe to tne U~t:r only J.f .I.t hdS 
oeen axpJicltly ~efineJ oy rna user. ~ach u~ar 

visloJa enTity K~Y shatt provl~e th& user w,th a 
u"landJa u for tnot .;;ntity. Eden entlty shall 31~Q 

conTain ona 6tTrlout~ {Invisible to the usar} cntitl~J 

a ur'l1Que_iJ. For ttlo:;; entiti.es witn-Jut a u::;~r' 

IILSio.lc €ntit'Y_key, Tn..; un.iqUe_1J dttrioUTe shall play 
t"le role of an entity_key reco~niz~ble d~ ~uch by the 
DBM. Tn~ unlQu~_!j s~3tl ~ontain a unlque bIt 
... e pre s::: n tat J. ;) n (g e n era t e j b Y t ht: D r~ M ) \I'll hI: h til i I I s e r v c 
~s Ca sy;;tem Ljentificdtion tag for i;::acn ~ntity. 

F~r ~x~mp~~, d ncim&_adJras$ ~ntlty ~itn an entiTy_key 
;;f per50r,_n.JiTie m.i.;lht be represante] as 10110\15: 

~TtriouT~;i: 

;:ntJ.ty: 
~ersun_name ~Tr_aJJr 

Sm~th jOdn 101 Elm 
C J. t y 
A 1 0 

.;;t urd,Qut.:_ld 
AZ f (t) 

tlnBrc! f(t) i;; a unique function of t anj 
t repr~~~nts the time of entity creatIon. 

<> thel"e wi" ~xi:it on.a jata_relati)n for each 
norm~til~j rcilation. 

<> ~ach entity withIn a ~dta_rdldTion wl11 ce 
:i~~1:1neJ a unlQu·.!_lj. 

<>' ea;:h ~~tity_key ~iTnir) a jatci_relcition m.,;~f CJ~ 

unique within Th~t J~td r~lotiQ~. 

< > r h c J d t J _ rei a t 1 I) n W L I I 0 e3 n .i n j ~ x t:: 0 ~ 2 ~ U ~ r I t .l a I 
file inj~xed on dsc&njing ~ntlty_k~ys. 

c> Th~ only u5~r-visio'a entri polnt~ into ~ 

J~t~_re'3tion ar~ rnd ~~tltY_k~Yi =xplicltly j~fin~J 
~s s~ch at ;ichema ~r~3tion time. 

<> if d jata_r~latlon Ii not To ba ent~r~J J!rectly 
by a u~e~ (i.~., if iT 1s to act a~ d SeCOnJdry 
rE:corj-t;,plcl in 1-D-S ta""mJ.nolo::JY), tn~n the 
uniQua_I.J attribute tor each entl.Ty shall al~o bto: 
rh~ ~ntity_key for that ~ntity; ~ucn a jat~_relation 
s h cd Ire ~.J 1 r ~ n ~ a So);; 0 C l. ate j k ~ Y _r e t ~ t ~ 0 n ( d~~ f 1 n e j 
Otd ow) • 

< > the 8 n t .L t 1 e s ~ 1 t h .i n ~ j d T 0 _ r e j ci t j, .) n W.I.') con t a i. n ,:, 
flxeJ num~~r Of ~ttr~but~5 (dt f=Q~r in thd inLtial 
1m p I ~ men t d t 1 0 n ) • 
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-J'l~ MUJtLCi file for each cJ~tQ_relotion contdirilr,g a 
.Jst:r v!.iiole entity_kt:y. This fll~ £halJ coritd.i.n only 
tn~ un.i.~ue_1j and th~ entity_key of rha 50eclfleJ 
odtu_rEddtl.)n. Th15 fil~ snail be inJeX8J, 1n the 
iultic~ file system, acco~jlny tJ fht: ~trrLbut~ value 
Jf tna uni~.Jd_ld for each entity. rhl~ prov1Jt:S a 
Soy s t <.:: m" ! n t d rna I l.i n k d ':) ~ me c t\ d n i .i m d m 0 n ~ t h t! V a rio u; 
relations. For th0~e Jat~_relations ~n~r~ tne 
Jnl~u~_ij an~ ~ntltY_Kay attrloute~ cire Ij~ntica', 
th~re 5naJ t ~X.i.5t no k~y_rcllatlon. 

<> rha only two attriuutes of dn entIty within a 
kdy_~elatlon wlll be th~ entitf_key and Its 
asso~~at~j uniQu~_lj. 

<> tha ki::v_relation wit I o~ an inJeX~j st::Qu~ntldl 

file LnjexeJ on fne ~nlqu~_ld ot tn2 o~socidt~J 
entlty. 

<>there ~~I' exl;t one key_ralat,on for each 
dara_r6Ior~ont w~tn ~ us~r vi~lb~~ dnt,ty_ke(, to Dc 
to':).lcally assocL.:.tt;j ..-lith dnottH~r Jdtci_r81otlon. 
That is, if an ent1ty with!" d jQta_r~jation 15 r~ 

bt;! rt:trJ.e'tld.J when it:; ';:'lfiry_kdV l~ unknc'rln, then 
th~rc must eXlst d key_r~ldtion for that 
,jata_relatlon. 

<> thera Witt b~ 05 ffidny entir!a~ with~n ~ 

key_ralation as th=r~ ara ~ntlties ~lthln The 
a~~ociore~ data_reldtio~. 

-ona Mujtic~ f.i'~ for each one-waY entry p~rh into a 
~~Jatlon. lach of these fLI~s shal f contain two 
:la~~e5 of dttrlb~rd~, co~~istln~ of th~ unl~ue_id for 
the ~ourc~ 8ntity anj Q variaol~ numoer of unLQu~_las 

tor rna ta~get ~nrltles. Thi~ flt6 ~hall be lndcxea 
on the un.i.~u~_id of The source ~nt.lties. In ojd~tl;)n 

t~ th~ entity_key dtTrioute, tn~r~ ~il I exist one 
attrlbute f~r ~ach rary~t enTity ci5S0c~aTe~ with th~ 
sour.;C! entiry (iaenrlflt:j by th~ t:fititv_kt?:y). Th4S 
wi II en~ole rh~ Tr~atm~nt of hl~rarchLcaJ a~J n~twork 

rej~rionsnip~ Detwa~n Jiffer~nt j~Ta_rel~tlon~. 

?r-op..::rtlcs of cros';.;_rt:lation~ 
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<> rhcr2 will ~xlst one cro~s_reJdtlon tor ~ach 
~ntry_~ath betwe~n two jora_relarlon~. For ~xample, 
1f an emp'oyee ~cita_relation is ~uch that it will 
a'~ays oe ~nt~rej from a ~epartment ~atci_reJ~tion 

and tne j~partment jdta_r~ldtlon will never be 
enter~d from the empluyee jatci_relatlon (e.~., glv~r 

an empJQya~·5 nam~, there wil I neVGr oe an dttemot 
to retrlc:vc: thcit .;:mpjoye~·s jepartmcint name), th.}(l 
Wcl may Sdf there clxl~ti d one-way ~ntry_p~tn betw~en 
the ~mpl~Y~d ~nj J~Pdrtm~nt ~ata_r6Iatlons. 

<> th~re will exi.;it dS many entitie::; In 3 
crvs~_reli:2tJ.or. as the numbe~ of ~ntlties if) th~ 

ci5s~ciateJ iJUrCe jata_relation. 

< > ~ d·C n t::t n r j. t 'I wit h ina c r 0 S S _ rei d t 1 on w 1 I I con';) i s r 
of triO C tas5eS of attrioutes, as fol.ows: 

'r~e un~qu~_lj of the entitt in rne source 
d~ta_r~lation ~hdli con£titut~ toe In~exej 

52 Q U ~ n t J. a Ike ~ ( or 1 .... d ~ x ) 

'tha un~~ue_ij~ of tho~~ entities in the ta~~et 

Cl d t a _ r cl I a t 1 0 n ;; h a 'J con:i tit u t '= the n 0(. - P rim e 
(l.~., non entlty_k~y) dtrriout~~ fo~ each 
cr~ss_rclcition ~ntity. Tner~ will ~xist ~~ m~ny 

t~rg~t ~nlque_iJ aTtributeS as rnere ar~ ent!Tle~ 

d .;; :i 0 c l ;J t e J with ttl e :; pee i f i = j en t ! t t In the 
s..;.urce Jatd_ret)tior •• If the sC\.Jrct: 
~atd_r~latLon has no user ~iSlb'a ~ntLtv_keV5, 
tr)~i1 the: tarJet uni~Je_L:J wijl cd~o oe an 
e I' t 1 t y _ k t:: y val '.J e • 

NOT~ that 1t i~ po~slble trom tn~ user~~ point of view, 
f.jr d.1 l;.;')t.iti~s ~lthln 0 :Ji\l~n j..Jtd_r~latlun to De aS50clat8'j 
WLTI r~o o~ mjr~ lnt~r-Jepen~cnr d~tity_keys from other 
j~t~_relotion~. Tn1~ is rou~hly anal0gous to the concept of ~ 

~~con~~ry detb!' reCJra witn two ma5t~r recora-types in I-D-S. 
Of c~urs~ there is no n~tO for th~ user appl,cdtlon prJJram to 
bd ~~~nl~cint Jf the JLff~rent Jard_relatlon~ -- that ~~ th~ 
~~~per cvncern 0f th~ jatabai~ djmini~trator. Nevarthele~sJ an 
t..: x am I..J leo f t t).; ::a 00 'tI d m~ n t J. on tl j con j J. t.l 0 n ~ 0 U 'j 0 e an en tit y 
hnL.:n .I.r'".d::ate;:.; the ~u3ntJ.ty ot Jiffer2nt p;Jrts committeJ t) 
v~r!~us ~roject3. (This corr~sponjs to a s~conj~ry r~CQrJ ~lth 
two m~~f~~S ~f Jiff~r~nt rEcorj-tYPESt In I-U-S lar~on.) Slnc~ 

S-.lcn In t~tlty wJU'u PO::isess; no entitY_K~f vl~lble to or 
kno~duJb Jy the user, its lnj~x kay woul~ o~ ~en~r3teJ oy th~ 

O~M as a un.lQue 5trJ.n~. 
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j.3 Sch~ma Pro:essor 

1 h ~ ~ c hem d .i. t S f; t f :i h 3 t I j e :") c'" i 0 t.. d j a t d b ~ ;i e p h y ; J..: a I I y 
a"'rdngeo in. d r~I;:iItJ..onal (i.t:., tdoular) mann~r. Tnt;: e';.:;c:ntJ..al 
functj,ons performeJ 0'/ thi:; scht:md proce$~or wIlt De ivwO: 

- 1 t ri i I J ere a t ~, mo j 1 t y an~ j t::: let e d I' f 1 I c ~ 
nec~ssary t~ repra~ant thd lata as d~fln8a oy 

J~clarations within the Schema Prcc~s50~. 

-~t wilt stor~ lnformation aoout th= sch~ma 

~ true t ur e, to be u.i e j I ate roy the S .... b - S Co h (~m.3 
Proc-:;:~:'iors 

Th~ sP~cJ..tic functions perf~rmej 0'1 tn8 Sch~ma Pro~b5sor 
sna~j Ot: to: 

·craate a JJ..rectory fi'a l~antlfy!n9 th~ jat~uas~ 

with j given schdmd ndme. Wn~n SUO-icn~m~~ are 
Suos2que')tly credtr::d, tht:ir nam~5 ~ndlf [)t: rcc..:;rJ,::!j 
in tni~ jir~ctory. 

-mainrain d list of at I attrloutas anJ ~ntlty_k~Yi 
cAton] wi th th~ (Mut tics) t1 Ie name;;'; of the 
Jat~_re.ation~ in which th~y pa~rlclpate. The 
physica' char~ctdrisTics of ~achatrr,butc (e.g., 
.£i2e, type, ~tc.) ~hafl be J€scrlbej oS d port of 
this list. The locks to o~~s:.;igne.:) to eocn 
attribute .ihall c.lso oe ci part of thJ.S tist. 

- m din r d 1 n 0 lis t ,) f a f' j d t a _r i: I at i on n am 2 s a I on 9 
W J. T h t n e ~ r t,.. 1 0 \oJ r e ~ , 10: k san a E: (! t 1 r y _k e y s 
a~~ociateJ with a3ch of th~m. 

• m.3 i n tal n a I L S t J f a I I t h ~ en t i r '1_ par n ~ 2 X J. ;; t , r: 9 
dmlny a' I j~ta_r~ldtions. An ,~jicdtlu~ wh~th~r ~ 
jar~_re'arlon 1s j~penjent upon cinoth~r 
J~ta_re'dtion wi" appaar ,n thi~ liit. (When a~ 
entIty IS ~dded TO or Jeletea from a ~d~~nj~nt 

jato_ri::lat.on, tn.an th~ cros~_relatlon f.i IE'S Ol:tweefl 
th~ assoc~ated jato_relations mu~t oe up~oT~j. 
o the'" *' .i s e , t h t: c r 0 :i S _r ~ I a t 1 0 n t 1 j ~:i w v u I jOe up .:l 3 t t;: :J 

only ,1 The dssoclatej jatd_r~lations wer~ 
r-cfe"'cf)cc.,) by th~ .:;uo-sch.emCi in use). 

M s~'~ma m~y be as complex or as ~impj~ dS aesir~J. Care 
;;ho~Ll Ot:: taken, n014eVt!r, to insure that 4t J..S normdJi~E::Cl. 

~jse, consijeraD'~ inefflcLancias could b~ intrQ~uc~j Into ~ 

u~e~ application pro~ram which attempts to mojlty jata. To 
a~a~ ~ r~ugh an~fogy with I-D-S, nQrmal'2~tion of a re'~tlonal 
j~t~D~S~ might ~~ compareo to j~flnin~ d jataba~e in t~rm: af 
oota ~tr~ct~r~ jla9rams. 



Th~ Swb-~cnrlm~ .;;ha I I prov!(le th~ U.i~r ·;"001 leat ien program 
wiTh L t:.. vi~~ of ci Jataocse. I t~ha II U~ a ~uos~t of d SCho::ma. 
Th8 u~~r 3Ppli.c:;,t.Lo~ prv~ram .;hdll oe al'owdj to ae":;i;~S mor~ 

than ~n~ sub-~chamd unJ/or 5c~~mai. 

In 'nterfa:!n~ w~th Th~ icnerrd, the Suo-schema Proces~~r 
r,~eJ ;,nly be dWar-.: ;)f tht. namt.': of the .:;chamd(.i..t::., tht= 
~at30ciSc) cinJ the n~mss of those attrioutes (and e~tiTy_keYi) 
V'lith WhJ.C1 this .;~o-.:;cne/Tla i~ concernt;;j. In ~~neral it shall 
Dc unnec~~s~ry for th~ user of th~ Suo-3chem~ Proce~~or to oe 
conc~rne~ ~ith the n~mes of th~ j3t~_relatlons , k~v_r~latlons 

0- =rosi_ralarions, A ~~ne~al knQ~I~a3e of tne logical 
r' \;.; ~ a t ion Ei ~ i P:i a m 0 n :J the ;: t t rib U t ~:; ~.i' Ius U d t I Y ~ U t f J. e e • T n ~ 
SUO" ~ c h ~ In a ? roc i.: S S 0 r ~ 1 j J UP a a t t; t n e . I ~ s t \J f S \J.b -<i C hem dna me.:. 
d~~~c!at~a with this scnema. 

A .:)ub-Schema JOL shall oe J~fJ.n~j, lnltial'y, tor thE: PL/l 
pr03r;;immJ.'l9 lan9uaga. 

Sp~ciflc functions p~rform~j oy the Suo-sch~ma PrOC€$50r 
';;:1.:.11 include the 10' Jow1ng: 

- th~ c.~:>OC1'3t=d :ichoama jlr~ctory fila Sha J t oe 
U~l&rej t~ c~ntaln the entrt name of the s~eclf,~j 

suo-;;chema. 

"a 11st Sh..)11 te maintait').;d which sha.t a:isvclate all 
th~ logi~at jaTabas~ rdcoras jetln~~ in the 
~uo-~ch~~~ with rha 3p~elfldJ entitles Jefinea by 
The Sch~md Pro~essor (thdr~ ne~d not oe a one-To-one 
corr~ =»oon J.;:nce). A I .. ~t of ';;UO-::iChE:ITJd sp~c.i f iE:d 
leeks Shall dlso b~ maintained. 

-~, I!~r sndlt b~ maintaln~j ~hicn ~=»socAates fi~lj 

ndme~ ~~f~ne~ J.n th~ s~o-scnem~ with speclfl~o 
artr~outc nam~5 pr~v!ously a~tin~~ in thd schema. 
ThL~ fl.it shdtl also contain a j~scr1ptlon of th;; 
physicai char~eterlstics of e~ch fiel~ defin~j by 
th~ ~\JD-~chemci. These ch3ra~terl~t,cs may ditfer 
fr~m th~ characteristics of Th~ corr~sp~no1n1 

Ctttr;.oute jefinea in tha SChemi;h Th~ DSH wit I m:lk~ 

,t h -::: n ~ ..: c; s S c..l r 'I ;:) d rae;") n v e r :i 1 C ":':; a t r \oJ n - tim e • A I ~ s r 
of IJCK~ tJ Oe diJptlt:j a~dlnst each field st"\.;all 61':;0 

01:: m::.int51nt:!j. 

-a r~port ihowln~ any In:onslst~n~les (such dS 

mi~sln~ entity_key j~finitions withih the 
;;uo-..,'':hemcd rilll De ;Jenercitej, Also, if an entlty 
La r~f~rtH,CeJ 0'1 tne suo-schem3 whien is ::Jspenjent 
tl) on ~nt.l.tv in 3nvtner jato_relaTion, then whent::\ler 
~ jep~nJ~nr ~ntity is ~jjea to or je'~tej from the 
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j6ta:>ase, a uhldJen" ~ro$s_r.;:1.3tion tile mu~t be 
\.A p j aTe j. A j I po :i ;;; .1. b ill t 1 ;,;; ~ 0 t s u c h .. h 1 (J -J en" sId e 
effects ~hdlJ be r':fjiJrtej out. 

3.5 JaTo Manlp~latlon 

The JHl ~hal I be impfdmented throu~h the U~~ of CALL 
~ tat t: in e n t s • The f 0 J low! n 9 f lJ n c t 1 ,) n s ~.i.' I be 5 U P po r t e j : 

-OPEN 
mdk~ d sub-~~hema dvalJ~ble for upJate or 
r~trJ.t:vcd-onJ Ij (;;.1' neC~S~dry f.l fes, such 0...;0 

Jdt~_rdjdtlons, kdy_rdlati~ns anj cro~~_relations, 
~nal' oe ~rtachdj an~ QP~nej by the DBM run-t!ma 
r')utln-a5 -- proviJej the USdr h"j.:i dl:Ces:; to 61j th~ 

f11'::5). 

-STO~c. 

a ~eri recorJ with cil j irs fi~'Q~ (rlhlch may 8~ n~1 I 
vcllued) will be pl~cej on the 3ataoase -- thd us~r 

must pr~vlj~ a non-nul' ~ntiry_key ~nj IT~ va'u~ 

dS Ad' I dS th~ flela name~ anj value~ to ce 
~ssociataj with rne specified r~cord. 

-FIND 
ret~ieve a specified r~corj and its ~SSocldted 
flef~ v~lues ~s j~fined oy Fha Sub-~chema. 

-MODIFY 
mOJify ~ sOdclfLdJ r"deOrJ or fJ.td::l val...h~(':d to 
e~u~1 a gi~~n sat 0f v~tUdS. 

-OiLc:r:: 
remove from Thd jdtao3sa a iP~Clfiej recorj or 
t,eld v~!ue(s) satlsfY1ng a giv~n 5dt of 
conditions; aJso rcmo~e ~I' rel~vjnt J.loka3es. 

-CLC:ANPOINT 
the s~gmenti within The Suo-~chema wnicn have b~~n 
altered since tn~ I~st CL~ANPJINT command was 
J.ssued shall be m6~e dtl~iD'e to bd dumpej to tape 
with tna Multl~:; 3a~kup facil!ty. 

-CLOSE 
the sub-scndffid iha' Ibe relcl3SeJ fr~m th~ user 
applicdtl~n prOjrdm (dl. assocloTej tll~s 5nall b~ 

close~ and ~etach~j). 

Additional funct1ondllry, ~ucn as ~t~~oralc ~perarlons, 
may be aOJe;J ot .::i J~tcr tlm~. rlOl4eV-ar, it may Oe oJvls30'I= for 
sucn cap~Dllltla5 to oe provljeJ bV ~~Dar3t~ 
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enJ-u£er-faciliti2S, rather tn~n through PL/1. A prlm~ry 
f;;dture of rh8 JI'1L .;;n~J I be rndt ~II r-aferences tv aT t""ibuta~ 
wi. I b eon the loy i C Co I I t:: vel. The USE: r n ~ ~ J k r, 0 w lit t • t: abo u t 
rna ph~s,cal or~aniiat~on of th~ jatab~5e. All references to 
.lotd wil' oe th"'ou9h the fit:IJ names as j~fin~.J oy thE:: ',Js-ar·s 
suo-~cht::m;J. Ths co.c~pt of "current 'ogicalr.acord" shall O~ 
Lrnplem~nt~j. It sh:=.lj refer tv tnc: last IO;Jicat recor.J of ~3cn 
tYPd (a;; jefln~J in tn\:; SUO-5cht::!ffi3) to ha\le been operateJ on oy 

d SrURE or FIND funct10n. Tha$~ record~, however, shall nor b~ 

i:::xp'l.:itt'f r~ferrE:;-:l to as "currenT" rBcorjs. They :;hCiI' be 
rct-~eV~J oy ~S3 of rnd FINJfuncti~n with an argument to 
J. ,., j ~ edt t;; • fir.:; t,· · '1 \;; x t • 0 r • a t I· r e cor j S S d t i ~ f yin 9 S 0 m e 
c:.nJ.itLon. 

-~ec~w~rY/lnt~Jrlty 

A means at ins~rin9 jaTaDa~e ~ntegritv shal' 
oe ::..n €5::i2nticd part of the system, The DBH Sh~ II 
take Cdrt; t.o upJati: at I I inka9E::~ ~hend\ler a :iatum 
lS mOJ,fl~O oy ci ~s~r appllcation program. If 
.Jesir"i.::d, lIoeforc·· an%r "ofter" lmage5 of all 
~It~reo ~8~ments coulj oe )~urndIL£e~ oy being 
~rlTten TO auxiliary files and jump~j To taoe 
parlOjL~d'ly ~sin~ th~ M~ltlcs dA~KUP facility, 
Toe ,,}ve"'rl"::dj for SUCh protection mdY be high. It 
is not ~I~ar at tnl~ Time huw much should De 
pro~!jej Ln th!5 arc3. 

Anotnar DO';;:;.Lbl i ~ty is that at I uPOates bE: 
writt~n t~ a rei~rv~ ~~ea o~ford actually oeing 
"posr~.J" TO tne jataod5t:. Ayaln, ttle overn~a,) 

prl~e for such d oroc~dure wo~lj O~ co'~ljerablc. 

Lo~~ t~rm racovery procejure~ m~st gl~o ce 
provij~j for tho~e In~tances wh~n part of th~ 

j~tdbo~~ !~ LnaJWertdntly jestrayeJ. rh~ bdCkup 
Tdpes c~n oe US~1 TO oring such a oe5trov~j 

aatao~~~ Dack up r~ lts current state of inTegrity. 
This re~U'~dS, however, th6t th~ baCkup tapes 
C v n t din U c , c:: an" j d t ~j • r h i 5 0 e C :,) m e S ~ SD ~ c 1 a t I y 
rdl6vant ~h~n daallng wlth mult!-~bgm~nt f,les, 
;.i.n.::~ ObM 'inkaJ~5 in one s-agment may reflect a 
jiffere~r sTate tndn thos~ in anoth~r iagme~t. To 
this enJ, tne UdM mU5t ~stauli~n ::iuffit: inti::lligenT 
commun~catlon interta:e ~itn th~ BA~KUP fac!lity if 
if 15 to b~ UieJ to dJVantdJe. Ui~r-initlaT~j 

GLE4NPOINTs wil t ~ontrlDute T0Wcira such d gJal. ~~ 

vu " U d 11 in i t l d ted C Lc. A NP 0 I NT ;i • Tn e 0 d ~1 wi j I j IJ m p 
up~at~j ~egm~nt5 only after 1t nas a~~ureJ It;~lf 

that aj f segmE:nt;:; t;; oa jump~j ore ir. a CLt::ANPuli'JT 
state. 
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-Prlvacy/~~curity 

ln~ UdM shall rely orJ.marllv on A...:ccs:; Control 
L4st~ to insure privdc.y on th~ '':;~ht:mo, '~ub-3Chem3 

dna r81atlon le\li::ls. Tnii shall tall un,)t:r thE: 
responsiOl'ity of th~ Oatdociid ~amlnlstrator. 
Prov i.;j,.)lis wi II OE:: md~e Tv pr..)v~ u\:! ttlc t ut;.Jre 
capaol' i ty to lJGK dnj UiJlOCKl tE:ms at tne 
attrlb~te J~"ef. 

"Concurrent Upaat~ 
Co,current Upj6t~ of ~ ~ub-schama ~h~1 I not O~ 

protecteJ. Tht~ t~ature may be provij~J in tne 
future. 

~. DdM SJpport Softwa~~ 

The .supj.Jur t sot TWdre to b~ pro,,! ..JeJ sha" inc I uJe 
utilitit;.;.:J to I03J, ~ecover . ..;Jllj .;:,ndlYLe 6 jat60.:l:':;c 3.., riel 
1::'1 j"u~-=r- f oCt lit y. 

4.1 Looo ~nJ Unf0dJ Utility 

Tht:: LoaJ Uti tlty, wrJ. tt-:n ;.n PL/l, .ihaj. DtC jes).~nt=j T:: 
run d~ dfi Qb~c:r.tec pr::::'CdSS, wnich ... .l, I dcce;Jt pardm~tcrs 
a~f.i.n.i.n~ tnB rah jatd t~ be loajej. Th~ Load UtLI!ty wi f I 
~~n;:rott;: of I ne:ess3ry (Jn~qu~_l;J:i anJ Vol).!! IOdJ al I rt!E:-vont 
linkage files ( .... nich wiJI pr~vio:..J5ty h:.ve been creotC2) by Tn..:; 
Scnam6 Proces~or). The o6tabas~ r~f~r~ncej by the L03j UtLllty 
Sf) a j I 0 c t n d t d at 00 d S E: de f 1 n e j 0 '( t h ;:> c h'C mo (r ..J r her t h ~n _ 
suo-s~hemd). The lJdj ~tillty shall ~ormjlly ~~ tn~ 

rc5P~n~i0i.iry of tn~ j~t6b~~e aJ~lniitrator. 

ih~ Jnj0~;J uti'~ty Shdl I Oc JeSlgn~j To ~~mp tJ race 01 
v .... 5e't:!cttJ Qort.L)f\:' ot c. JCitaodStC, inc 'uJing 01 j .... 0:: 'evant 
sy~T~m Jatd suCh a~ po!nt~r~ 6nj jlr~ct~rl~~. 

4.2 Kec.Jv;:ry Utility 

Tnt.: ~t:co"ery Ut~lJ.ry' shall int~rL:i.:e wltn rne Mult ... c.; 
dAt.;KUP fo::i j lty to prOVLje for lie lean" .jdfCiud.;i-2 recovery. fhe 
r~c~vcry s'dlt ~e a~ ~utvmaric d~ p05~io42. 

Q ut"lty to an6Iv~t;: tne SL2~ of j3T~_reI3tions, 

k~y_r~t~rlon~ anj cro~s_r8fdrLons snal I ba pr0vi~ej. Tne 
A~lafy~i$ UtJ.litt Sholl a'so s~rv~ ciS 3 v~rifi.::otLon aiJ in 



J~t;:;rminJ.,g the ~X!~rt:ract=, ~r tCiCk. thl2reot, of l.inkea9'i::S bet.,.een 
tne cntlties of VcirlOU~ aata reldtion~. 

~.4 cnj-Jscr-Facitlty 

SOffi~ typ~ of e~J-u~~r-fdcl.ity sha' f bc pr0vla~J cit some 
tlmC!. Ihisf3clliry s()2afC incfuJe out not oe limited ro the 
t,) Ilawl.r'::;l cap';)ol' J.ti~;;: 

"So.;'edrl r~tr.iavaJ5 

- C ompuTa t 1 on:.;; 

-~eporr ge~~rQtlon 

Som~ ~rov!~ion Sh0U'J De ffi3Je for m~dsu~lnJ DBM p~rformsnce. 

Svm~ oc~.ious areas to examine wvu,~ O~ th~ time r~Qulr~J to 
p~rtorm ov~rn~aj 'aoo~, such ~s pointer uPJat~ng, the time 
r~~ .... ir~J to r".::tri::ve entities partic!pating ln j~fferent 

srructur~~ ~~j th~ time r~quir~j to r~s~onJ to a r€qU~st i~ an 
int~ractivb environment. 


