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~ultics Jatcloa;~ M~nag~r Pr~limlnary Progrdrn Speclflcatl0ns 

Tn .. s .:.i.Jcum.:nt priJposc:s an vveraJ I '-l~~.i.gn for th<= Mui r.1.~.:; 
Uat'loa:.:.~ M::.'1d:Ji::r (Ut3M). lt J.i.::>cusses the philosophy of the fJ3M, 
pr~idnTs ~ ~e~criotlun of the .:;.Jftw~rb incluJea a.:; part of th~ 

syst~ir. an\J ~-=ts forth ~.H:s1;Jn J0-'21s. It L; J.ntt::ndea thar tt1.1.s 
Jroft will oe .:.:>nsioerG.J d foe.JI P->i1t for jisc..Jssio'l of po·ssiol~ 

rt...vi;lons or enhanc;:ments to tn<..! J;lM, out of which wl 11 i:m.;;rgt: 

Tn;:: Mui t.i.cs; JdM .;.hdl I oe j~s.i.9nej 

•to pro vi. J~ tnc:: u;i.;r wi. th a I o,Ji.Cd I <rc.tl"lt:r than 
p h v :: .i. ca I ) vi d w o t the j a tao a;; e • 

-to dllow lynam.i.c r~or~~ni2dtl~n of the ~aracasa w,th 
as llttl~ eff~ct d5 µoss.1.ole on th~ ~PPLlc~rio~s 
u~.1.ny rhe jataca~~. 

·to pro~i~e tna us~r w.1.th simple, v~rsatlte anj se:ur~ 

ciC~1:::~s to The JatciCase. 
-to allow J<::flnltlon ot t'11:: adtaoas~ oy means at a ...,.... 

Data J~scr~pt.i.on Lan~u3~~ <DJL>. ~ 
·to ~llow mcinlpulatLon uf the J~ta wltnin th~ daTcioas~ 

by mean:i ot .;. Oat.) M:2nipulat.1.on lanJu:::i~c: (UML). 
-ro o~ovlja th~ us~r wlth som~ m~ans Jf r~~ov~ry anj 

r...,:it~rt. 
·ro prov,je The usiar w.i.tn tne. ,;:,;Jvant.JJes of "I-J-S 

rr-1,ke capaollltles." 
p~rpos~ of Tn• MultLcs DBM ls ro ~ruylJ~ .~n int~gr5Te; 

fun<.:t.i.on~ to suµµurt thd J~::>crApf.i.on 3nJ proc.:;;s.ir.g .:>·f 
~at~oas~s for the business, ciCaJem.i.c an~ 1overnmental 

ccmmu"l;.. tit::~· 

u t 

Sa11eral factor.:> hallti: 1nflu.:n.:e·:1 tni:: 011.::rall jds.ign 
Tht::: prupos::a LltJM. The fol lowing factorE; c;:--e 

-...:nv.i.-onmen t 

pn.i. I .J~ophy 
Jf special 

fhc OBM 5h3ll oµ-:r:1t-:: as a Multics 
:.;;uosv~t~m ..JS,n.;J rn~ Mui ti::;; f.i 1~ :iY:.tem tc 
.:.dvanta='1::: an.::J shal I be written .i.n tl'H: PL/1 
µro:1rammi.ng langua;,it?. Thl:.:; ril 11 pro11.i.j.: 
..i a:;; e of pro S:ir am ma l n t ;; n c. n c e a;:;; we I I .J s 
cons.i.~tan::y wlth otn<:r i1u1t.ic:i softwar;:;. """' 
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R~tner than extEnJ th~ :.yntax ~f any n~st 
I 0 n :Jud g cl ' t h ~ Ll ML ri l I I 0 e J es L JC<::: a t 0 
Lnterface WJ.th its host languoy~ v.i.~ The 
CALL statemant. Thi~ ril 11 provlje a 
raldtJ.Vdly SJ.mol~ &ntdrface TIEch~ni3m anJ 
dWO.i.d the pr.)Olem of moJ,fyind tne no~T 

I cinyua~e. led tJ..;1 II y this .i.nrt::rfac1:.: wL 11 
oe provi~ej for PL/1, o .. .t it coulj dci:.ily 
Oi:: e:xt-=:n:J~j f.) i.nclu-.t..: FOR.Ti<AN ;:.n,1 COBOL. 

·simil3rity to 1-J-S II 
A µrimd con~.i.jer.:d.i.vri J.:i to offer Tht: ·..i.:;~r 

.. I-u-S 1.I-IJ.Ktl CciPaOJ.IJ.ti..;is." Thi.:. ha:.i 
u de n l n t i:: r pr ·lt e J "'' d yen c: r d I ·:..: n :; ~ • T n e 
uso;:r wi I I O'd provl .:i·~J with tne gt.!ncrci I 
f..Jnctlonallty of r-o-~ II ~n.i.~n inCIUJd~ 

tnost Lrnct.i.l,)n;:, "r<::.:iu-.r-.!J ro ~uppo:-t th" 
j~scription, manJ.pulcitJ.cn, r~stru..:turin], 

r..:c\Jvt:ry, ::.e.;..Jriry, ::snJ analysis of .:> J;,r,:; 

~as e • " ( l::JJ.::.;;i_ ,ll_b.£Li t P • o ) • 
Specit.i..;allv, th~ jatao.:is<? on Anl..:n the JtM 
operates :;nc::d I b"' c~pacl~ of su;;.µcrr ln:1 
~.i.ngular, h.i.e~circnical dn3 ~~tri~rk JdT6 
itructurt.:!s. 

-aatd indepo;:naence 
Data inJep~njence i~ a key obj~ctlv~ of th~ 

OE.Mo C.JnS-a:'.lU~'ltly, the conc~pt2 of sche~~ 

~nd suo-~cn~mas hav8 oeen utllliaJ. Al~o 

contrib~rln~ ro J~r~ in3epenJcnc~ ls th~ 

u::;e of context v.:1r.i.aol..:s to ro::lt:r·ance j~te: 

c I ~ m E: n t s I o '::J .i. .:: a I I y t r om ~ l t h J. n t he U i1 L • 

•jatao~se -acr~~nl2ation 

fh~ DBM shdll c~ 3e~i~neJ ;.;a tnat 
r~organiiat~on of The jdTC::IOd~e(l.~., 

rcclu"°terJ.n:J), dS 1"4~11 .:is ·ra::;;Tructur.i.ng of 
thi:: a;::ira shal I not be .;, custly anj r.i.m•;; 
con~umln~ proces~. Furth~rmo-~, jafaua~= 

r e o r g a n .i. 2 ~ t ~ on s t'l a I I h ~ v e a m i r. l ma I e f f .:: .:: t 

on us~r 3pplicar,on pro~rams wnich us= the 
:.1atabas~. 

Ubta~ase r~~ovdry anj ~~tdoa~e J.nte~rltv 

dr~ two m?re key ooJectlV~i ~f the G1M. 
Con~t:Qu~nrly, Tn~ UtiM ~h611 1ncluJe 
µro11.i.sion::. tor man>JdllY "·.:leanpo.i.nTlfl~" the 
o.:..taoa::ii::o Thi.;; will allow for "cl"';un" 
Jataoasa aumµi to t~p~ 3r.~ prov,j~ 

o$SUran~e tnat tn~ &nte~rlTy Cf a Jotgbd$~ 

.i.::> not impc;..i.r-~d ~urlng recovery ot tn., 
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1.3 Nult~c~ anj r-a-s II 

The ,mplem~ntatl~n of I-D-~ 11 on rh~ Multics sy~rem h5~ 

u~~~ cJnsijer~J ro D~ ~ Jesirabl& abjdctlv~. This wcu1...1 s~em to 
01;;. tr:...i.:: only lf I·J-:;i lI .. s d;:fln.:!j in th<: mo'.:>t gt::r·,...::ral :Jf ter'Tl::;. 

S~me 1-0-s II fe.~rurds Sddm r~ oe at 
ph1lasophy ~f Mulrics operatlnJ procejures. 

-:;na.ir.s 

var i once ~"' r h th~ 

J:-H:: co:1cept of "ch::iln.ing" recorjs togerher forc-:s a 
cons,.;;i;'"abl.: Jegr<:!.:: of "harJ tu chang.: .. structur2 onto d 

:.iarcwc..;,e. For lristc.nc~, it 1s :luite J.df~cult lr. I-D-S lI 
to ~&clare an exLstlng rdcord type to be a new member ot an 
~x~~tLnj set. The ,mµo~ltlon of thLs sort of p~rmanent 
.::xrer-r.:al :;tr.Jctu".: ;;e:e::ms r-:> r•.Jn counter to ~tneral Multlc~ 

Philo~ophy. In MultLCi th~ dctuc.I oinjlng <1.~., 

strucrur1n:;:1I of Jdta ls u;;ual Iv con.:el11e...1 of as a Jynarni.:, 
~ ci r h;; r t h .:> n o. ::. ta r .i. c , pr o c ~ ::o s • r h c .. o .i. n J .i. n::}" o f j ... t ~ 
t:l.::m.::nrs. '~ u::;u.::ally postp..Jn€:::l until the last possible mom2nt 
<or <::XcC-.Jt.i.cn rime, for ·:::x;:1mpl .. d. A.Jm.i.rt~..Jly ae:.to el~ir.-::::1r:.c 

j,~ ~ Jdt ... D~~e must Dcl ~tructUrdJ to a hl)he• ~e~re~ Tn3G 
no~·oot~oas~ cllam=nts oec~usd of tnd ~uc~sslty, rl'th'~ o 

:i.ataoc.i.:;e:, t..i carry alJng (or "rem~moer 11 ) relaT,·:-.rnsh.i.p~. 
l'h:: v e r t .'\ e I e s s , l t :.. et! rn s a J 11 J. s a o l e t o a I I o w s u c h r e I c. t J. on~ h ' p : 
to o~ 3S JyndmLc o~ pos~.i.ble. 

lrit: ".;halnl'l:J" of r~cvrds 31::t...> t-3nJ::; to 1~·::;e much of 
.. t:> .JScf •• lln~ss a:i the chain polnt.;;rs. bt:come m~r~ 

.1.nierpr1:::tlve •. Thut .i.s, th<: most eft1;;.1t:nt cha.i.r. point.::r::o 
arc thos~ ~nicn ~re nclrJware crientej. But .i.t ls nvr 
r~all~tLc to think in terms of harjwar~ or,enrej ch3.i.n::; 
~d.rh.a.n thli:O frami::!w\Jrk of the MultLcs virtual memory :::;ystem or 
ttl-.i Multic:i tll~ .:.vsrt:m. 

Lo'l~~~u~'ltly, th~ entire conccµT ot 
::..e,~m;:; Tu tn::: .)f o"lly 1.i.mitej V3lue wlth 
MuttlLS oper~tln) ~nvLronm1;;:nt. 

"chaln.:a ·• rec0rjs 
ref~renc~ t~ t~e 

I~~ con:::ept of "ore"'" , as use:::J by 1-iJ-;:> II, s.;;1:::m$ we 11 
S\J.i. te.:. to I-J-S whert: .i.t is ncce.ssarv To "reserve" a r,urno-:,.r 
of file P~1es µrlar to Uiage Odcau~e the CALL&~~ algorithm 
l~ da~~n~enr upon the toral number of flle p~ges ass1g~ej t0 
th.; iih:~ (or ::ir1;;:a, .Jr Jatdbas.::>. TtH: concE:pt· ls =ilso a 
"n.,rur:.I" tor :;cos u:;;ers wno nave bt:!cum~ accustome;o to th.4.nk 
'" t~r~s of r~s~rving file SPdCe DetJr1;;: ~ctual ly ~iing tnc 
tilt;. 
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Thi:: ";;jr"'a" conceot9 how~v..,r, seem::; a ILi::!n 
ph.i.lo;..cphy ot Multics t'lh8r;.;in "flle sp::.ce" (or 
memory) ls al I oc3teJ c:;nd useJ as nee..Jej. 

Pa:;ie ? 

t 0 tt1•.: 
vlrtu:::.I 

Tharc: dre s~ma lnh~rant ~hortcomLn~s ln r-u-~ II nhich ouyhr 
tc b~ avolaeJ Lf at dl I possLble. Tn~se ~lsa~vantages 3rE 
t;Ss;.o:ntlol ly th<: Sdme a~ those llsted in I<JM"s critiqut: of agr,:; in 
th1:; "Posl t!On Papdr Prc..>ented to th·.: ..;.uJ1.>.'.:)YL Pro']ramm.i.nq Lar;'.:;)u.:ig~ 

Comrnitt~e" j,:dc:J Mdy, 1'371. Tn2y rn::iy oe 9roupeJ '.JnJl:.!r n1r1;..,. 
ge:naral hc::>::ilnJs of .:Jata lndep,~nJt:ncc: 9 j.;;t_,Lio~e r2crg"'n.i.£<:Ji4-.>r. 
ana J~L ccmplc:xit~. 

-Dara lnJ6pdnJenc~ 
Iha r~QuLro:::d a.rea~ of corrc:l~tlun oetwden tha u~er•s OML jnJ 
tne ~Lhema DUL arc: numo:::rou..i. For ax~mpl~, tne format of a 
FINO Stdtemant is aeµ.o:n~ent on the location moJe ~1th ~nich 

the ·;,o..Aght·.:itre- r~ccirJ was or.i.Jlndlly stor~J ::;n th,~ 

j~tabcise. ~uch d clo;d a~soclc.tion o~trieen OOL an~ JML 
me~ns tncit oataoase reorJ3n.i.~atlon wi I I more than llK~lv 

lmpacr Uier appllccit.i.on µra~rams. Tnli ls an ~n6ttracrive 
lmp!lcc.tlon. Th.:: inter-rel;;tlonstHp oetween UML on::i scn.:mc. 
DUL co1trloutes towarj a tenjdncy to restrain rhe n0tu~a1 
av~lution af tne jc.taDase itructure. 

-Jatab6ie Reoryan1zc.t1on 
I ht:= r c: o - g an l £ a t .i. o n o f a n I - O - S J .;:1 t ci o a ;; e J e n e r a I I y s t r l k e :. 
feclr 11 the heart of a user. Not only ls tne pr0ceis coitly 
anJ t!me con~umln~, out lt mc.y alsu s~rlously c.ffact various 
user proJr~msa Nonethel2~i, lt .i.s only re~3anaole to ~xµect 
Thd type of jemandi maJe upon a Jataoase to cn~nyd as r1me 
p..;;S$e::.. As tnese cnan::,NS JeveL:n.J, tne J,-,tabdst. ...,~ 11 unJc:r10 
s o m e t r a n s f a r m a t L o r; 1 n a p p i:: a r a n c e • I t t n -= tr :; n .:. t ;; r m a t i u ri s 
are such dS vfere not al lo"1e.:.l tor- Jurlng th1:: .i.r • .i.tie; I 1-J-;, 
:Jdtabase -J.:.OS.i.gn perloa, tnen reor-J,;;niidtlon, ri::cJur·;l~.'>s of 
cost, b~comes a neces~ity. If ln~ranc~s of Jatooa~L 

reor9.:.n.i.~c.tlon ar-.;, r)cCes::.ary, they C\.J':Jht at l1::::ost ro b"' rn:..J-= 
dS pal1less dS poss.i.ole. 

-OML Gomplt.:!Xi.ty 
The c0mpl~xity of thd 1-0-S II DML 1~ 1mmejlately oovi0us to 
on yon-::. who ca rt:;;; t o i:: x am .i. n .: t n.: I ""'n g u a J.:: s yr. t c x an :J r u I >;;; s • 
Such complexity is pardonaol& 1f the ajva~t5gas ga~nea 

rhc:ri::uY are sufficient to oftsi;.f rne cssocl~teJ 

JLSaawc.ntages. It seems, howevtr, that the only real 
aavantaye JaineJ o~ this aµproach ls that user a~plication 
progrur1:> cire allo~.:a to cop.i.tc.lu.B ur1 tht::lr kr:owle.:.i90 .:;f 
PhYSLCjl storag.: lJiosyncracles l~uch as wht::th2r ~ rt::cor~ 

w d s ;, tore j v ' a th~ CAL G I o ca t i on mo J e) • O:-, th a c t n '2 r h .:.r1 j , 

tne .:.iisajvdntages of such a complclx OML ,nclu.:Je th~ lo~s of 
some oat.:; injep.;nJence, an incrt::a.::>t in .:.osts ot .:.iebu9Jinq 
an~ 1mplementin~ us~r dPPILcat1on progrdm3 anJ a forceJ 
~ommirment on the pc;rr ot the u~er ro Oci contenr with 6 
relat1valy static anJ unchanging Jat6oa~d .itructure. 
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Atrempts shvufj oe rnciJe to vvercome the;:,e obvlous 
.J.1.So.Jvanto9€S of tn<:: I-0-S appr0:..ch, whllt:: at the .;amE: tJ.me 

shortccrnJ.ngs. av01j.1.nJ Th~ 1nrr~Juct.1.~n of ~th~r more s~rJ.ous 

Tn~ Multics UdM l~ to run as a Multics 
u..;, e r n c :... t an jar j M "I ti ·c ·;;; f 1 I e sys t E: m. A I I 

:;ub::>yst::m anj w.l. l I 
.Jataset IIO wl II De 

pt:rform:::J by th<;: vt.i.I<: ItO mu..)ule. 

3. Uotoud~e Mana~eme~t ~ystem 

Th~ Ui:lM i.iLll cons1.st ot 2;;,;i.;;ntic.lly 
-those moJules concernej wlth 
oroc~s_,ln:::i. 

thre2 ~lstinct parts! 
sch~ma aeflnltior an~ 

c.;ncern~J wltn suo-~chem3 jcfinltion 

·thuse moJJl~s concerneJ WJ.th run-t.1.m~ proc~SS!n~ a~J 
Jjtd m~nipJldtlon. 

All uiJH actJ.vlty ...,,11 J.nvolve 
M~lrl:s f,la syst~m a,J user programs. 

in r.:: r ci c t .i. or bi: t ..-. et: r. 

·ThE: U:P1 sn,dl be -:iesl;Jne:J to allow the u::>~r 

jata l~~ep~ndenc~ as passlole. 
as mucn 

·Uatabd5e raorgan,zat.i.on sh51 bd a fun ct lo n ;) t c 

"Jatab:;;i.ic oJml.nlstrator" anj shal I not affect 
~ppllc3tlon programs. 

·D-:.ta r~JiJnJancy ;hcill Oc 

-aquircJ ~nit to a Vdry 
" 'l t l t y _ k E; y:::. i .J e t in\;,! J o e I o~ ) • 

-The 

k~pt t~ 

ILmlttJJ 
c. m.i.nlm;Jm, 
extent by 

t--: in] 
the 

the OML l'li 11 makt: tht J:3~ 

-un-tJ.mi:: r.;utint::::. ..:.c.1:;>lly =aVdJ.lciOh: to pro:,Jro:.11;;:; 14rlTt~r-. 

in laruuci.J:::'- othdr than PL/1. 

Th·:: re:iw Jafc,(Ja::;e wlll consist of a S.:!t ot relation.;:; Ulles) 
l r, f n l r -J N" rm a I F u rm ;is de f l n e .J o y i:. • F • G o j j • The c. n I y n or. - :I a ta ~ 
artrlbures contalne-:i wlth.i.n th~ Jato_reldtlons Shdll De th::: 
uniqu~ 1j0Gtlfl~r 1enarateo Dy tn~ O~M for J.nter-flle llnkd1e 
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puri;oses n.i.th.i.n the Mui t1c:::; file ~y:::;t~in. All fl!.:::; crc8tej oy 
t h t:: 0 (j M s h 0 I I 0 ·~ ::. r I.:: a t t::: .J 0 y t h -a M u I t L c .:> f .i. I e ·:; y ::. t e ITI • H "' n c ti:! ' t h '2 y 
rull be a0 -tre;: f1I~~ ... ~ .JefJ.neJ oy Q, Knutt,. 

Jo::f.i.n.tion::;: 

a Multics Inj~xea S~quent.i.al File • 

.1£1.!il~U .i..i a c.ollecti.•)n of t:nt.1.t.i.e:s. It can b,.: 
~.i.sual,zed as a two-1.i.m~n~.i.on~l ta~le wher~i~ the 
c n t .i. t L: s a !"' c t he h .:> r .i. z on ta l r o w ::; • i:.. ~ : n r :: I c. t ~ or. .. s a 
'1ult.i.cs f.i.le. 

i..11ilY is a 
c:StdOl.i.$hO::J <.At 

col lect.i.on ..;,f uttr.i.outL:-vc.l . .Je µ.:, • r: 

!ltci~wt~ .i.~ dnaloy~us tv "tJ.<eld nam8" uf1J rnc.ty lJ'>:.' 

~isualJ.zo::a as thd columns ..:if ,_, r.;lc.t1.or,, 1:."-tat.Jl.i.:;n1::J 
at ~chama J~fJ.n.1.tion tlm~. 

lt'.a.l~ 1.:i d -lUant.1.ty assvc.i.at.:J w.1.th ~i.:.iCh occurr.:1·.c·: ot 
a" attr1outc::. 

;..:i1...i...1~-l1~.i. is the lu·Jic.al dttr.i.oute <or col l<::ctl~r. vf 
~ttr.i.butesJ wh.i.ch unl~uely ~eflnes each entity. 

;..a.tu_"g,lh .i.s a l.Lnkage ot::trn:H.m tnt:: entifl..:s of two 
-i:;tc.r.i.)ns. A vne-way entry_poth allow~ possa]~ from 
a~ entltt .1.n ~aTa relat1on-~ tJ an a~~oc.iat~~ enT!ty 
i"l Jat~_relation-J. A r~o-wav enrrv_o~rh al I ;ws 
pass3ge as wel I from thd <::nt£ty .i.n J6t~_r~l6ti~~-~ tu 
the dSSocidf~j ent1ty ln jata relation-A. 

~~~.Q.C~ rt::far::o to thil suo-schamd jef in.i.t.i.on o1 or.e ur 
11or..: ~ntit1.es. It i~ the l:):;iic.:.il repre~entc.tleir·. ::,fa 
grouµ of .:Jttrioute.:a as ;;een ay th,,: .J'.j,1:;r· di.JP I i-::atior. 
pro>;Jra:n. 

Ei.t=.J..J re tars to the ;;Jo- sch~ma ~etinJ.t.i.vn of ci(1 

C:>ttrloute. It l::;. HH~ IO;JJ.Cdl repre:·;~nt'2T 1 on of ,;r1 

attr1b'-1te as ;ieE:r, oy th<:: user 3µµ1;.cati.:in r,:,rc..;wam. 

As a ;,::"leral rule: there ~dll exist 

-.on~ Hui tic$ tile tor eden normalii~j relation. Tn~i 

tilt:~ .:;n::dl conTc:dn all Th8 ;attribute 11alues of ~a::h 

antity in the ipec1f.1.el rel~r.i.on. ~acn eGtity sh~I I 
:>c a J oglcal recorj within tne Mui t!CS fl le. ;;."'en 
a'1tlty shall contaJ.n on~ <er a r.umol;lr 0f} 
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~rtr.i.out~(~) conitit~tin3 an ~nt.a.ty_key. Th~ 
=nt.i.ry_KcY ~hdll o~ v1~iole to the u1ar only J.f At hos 
oe~n expl.i.c.i.tly Jef.i.nej by Th~ user. ~ach u:::;ar 
11is1ol~ ent.i.ty K-:!Y shat I prov.i...:ie the u:;;er w.a.th a 
"'"landl.::" for that entity. E.:ich entlty shall 31:;0 
contain ona ~ttriDute llnvislble to the u;arJ cntitla3 
~ unlQue_Li. For ttlose entltlt::> wltn.Jut a us-:r-
11.i.s.i.b.lc entlty_kdy, th.: un.i.quo:_.i.j .:Jttrloute sh,:dl olat 
T"le role of an entlty_key reco~niz~ble a~ ~ucn by tha 
DaM. Tnc: unlqu;.:_1j :::i'13ll contain a uruqu,e b1T 
~epres<:ntcdJ..:.n (Jen~ratej oy th-:: D'~Ml whi;;h ~ill serv"' 
:is a system .1.jantif.a.cat.i.on ta~ for ;:;:;;.ch ~ntity. 

F~r dXJmpla, a n~m&_ajJras~ ~ntitv w.i.tn an entlty_key 
Jf per~on_nJme m.i.~ht be represcnteJ as fol lo~s: 

;;rtrloutt.!~: 

::nt,ty: 
~ersun_name ~tr_a~~r CJ.ft ~t un.i.ou~_ld 

Sml.th Jocin 101 Elm Ajo f..l.Z f(t) 

wvnt::r.: f(tl i;; a unique funcr.i.on of t anj 
T r~pre~cnts the time of entJ.tY creation. 

<> th.: re ri.i. l I e.-:xi::;t one jata_re lat ion for each 
norm~lli~J rdlatlon. 

<> ~ach entity within a Jdta_rdlat.i.on w1ll c~ 

d~S.i.~neJ a un.iou~_lj. 

<> each e,tity_key witnln a jara_relar.i.on musI Q~ 

unique within rh~t Jata r~ldtion. 

<> rhc Jc:..t.:.1_relat.i.on will oe :Hi ,injdXt=J ::.d~uer1tial 

file lnj~xeJ on dSC&njlng ~ntity_keys. 

<> Th6 only u5er-vislDla entry polnt3 into~ 
Jdrd_rel~tlon cir~ tnd ~it.ity_k~y~ ~xpllcitly jcfln~~ 

~s SJCh ar ~chema cr~ation time. 

<>if ..:1 Jata_rtlatlon .i.:o not ro boa er-itert:J j•rectly 
Dy a u~er <i.e., 1f •t ls to act as d. seconJdry 
recorj·typlcl in I-o-s f.;!r-m.inoloJY), tner. the 
unioua_•j attribute tor each ent•fY shall al:;o b.;; 
th~ cntity_ke~ for that dntlty; ~ucn o data_relatlon 
shall reQ..JJ.rd no assoc.iatej k~y_re:l-3qon{(Jefinej 
o~low). 

< > t he: l: n r .a. t .i. es w .i. th .i. n ei d a Tc._ re I d t .. '.m w i I I con ta J. n ..:. ~ 
flxej nurno~r of ~ttr,Dutes (.;:1t l=osr 1n th~ .i.n.1.tial 
impl.:mentdt.ion». 
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-::.i'l1;;; Mult1ci file for each clcit<.i_r~lot.lon cor.tcdrdr.g c. 
Jsi::r v.1.iloli: entitv_kt:!y. Thls flld :il"iall cor;td.ln only 
tn~ unl~ue_1j and Thd enrity_key of Th~ ~oeclfieJ 

Odtc..:.1_rt:L~t.i..Jn. This; f.i.la ihcill t.Je in::Jex1:L:l, ln the 
'1 u I t .i. c .:. f .i. I Ii":! s y s t e m , a c c or- J l n J t .) t h i:: a t t r 1. b u t "' v a I u fJ 
~f tne un.i.~Jd_l~ for each entity. Th1~ pr-ovljas a 
:S.Y'"t..:m·H•t.irnal linka~~ mechdnL;m .:iffiOn~ th.:: 11ariou; 
relations. For thv~~ Jat~ relat1on~ ~h~r~ tne 
~ni~ue_.i.j 3nJ entity_Key attrioute.:. cire iaantlcat, 
ther~ sha' I ~xist na kdy_rdlatlon. 

r n i ~ f l I e :;; h c. I I o.:: tar mt: j ..i key _r ~ I a t .1. o ri. 

Pr-opdrtics cf k~y_relatlons 

<> tna only t~o attriuute5 of an ~ntlty within a 
.k:::y_relation wltl be th.: entltv_:_Key anj it:. 
asio~1at~J un~qua_id. 

<> thi.! kcv_relat.i.on rd. I I oc ari .1.n.H:X"'j it::Quc-ntlol 
file .i.noex~J on rne uniaua_iJ of tna o~sociatt::J 

en ht y. 

<>there w~ll ~xi;t one k~y_r~ldt4on for 8ach 
jata_r6t~r.on, w.1.th ci us~r vislbla .:nf4tt_key, to oi:: 
lo<Jlcal IY as;;;oc.L:1t.d nith .::anotn~r Jdta_r<:! lctlon. 
Th~t is, lf an ent1ty with1n a d~ta_r.:lation 1s r~ 

be r~tr'a~aJ when it~ e~tiry_k~y 15 unkno~n, then 
th~re must ex, st a key_rc ldt.i.on for that 
jata_rel=atlon. 

<> thera wlll be di m~ny entir1e~ wirh~n 3 
key_relatlon c.s tn~ra ara ~ntlties wlthln the 
as~ociata~ data_relatio~. 

-one Hult1cs fil~ for each one-way entry p~th into a 
"~latlon. Each of thli!Se fi l~s shat I contain two 
:la~ies of dttributas, co~~istln) of the un1~uc_id for 
the source dntity 3nj o varlaold numoer of uniqu~_lus 

for tna ta·yet ~ntltles. This flt~ snail be indaxe~ 
on the unL~u.::::_id of The source t'!ntities. In c,jddl.:1n 
to the: entltv_kcy attrioute, tn~r~ wi 11 exist one 
attriqute for each tary~t entity assoc~c.reJ with th~ 
sour~~ entiry liaenrlflaj by th~ entity_key). This 
wi II enciole tha tri;!atmt:nt of h.it::rarch1cal <Hi) nt::twork 
relationship~ oet~adn jiffer~nt j~ta_rel~tion~. 

Tni:> fl le ~nall o;;: Ccillaj ci cros.:>_relation. 

P~op~rtl~s of cross_r~latlons 
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<> th;:r.; w.i.11 e:xi::.t one cro;:.s_re:l.;ition tor .::ach 
~ntry_path betwe~n two Jara_r~latlon~. For ~xamµle, 
lt on emµloyet ~dta_relar.i.on is such that it will 
alir1ays oa ent~reJ from a ~epartment Jatd_relat.i.on 
anJ tne Jdpartment jdtd_r.:lation w.i.1 I never be 
entar~d from the Hmpl~yee jata_relation (e.~., giv~r 

an cmpl1Jya<.::•s nam.:, thert:! wl 11 nevi:::r tH: an att::mot 
to ratrlcvo;; thdt ..:mplo)'e.:•s jep3rtmt:nt name), th·.;n 
rid may SdY Th~re ~xl~ti d or.e-ir1ay ~ntry_potn betw~en 
tna ~mploy~d anJ ~cµdrtm~nt ~ara_rGlatlons. 

<> th~r-e will cxl.;;t a::; many ~ntiti~:; J.r. a 
cros~ rel~t10~ a~ th~ numbe~ of ~nt.i.ties in the 
ciSSvc.i.ataJ sjurc~ Jata_relat.i.on. 

<> ~cl~n ~nt~ry wlthln a cross_ralation wll I con~lst 
of tir1u clas~e::s of attrie>utes, as follows.: 

tt~a un~que_ld of the entitf in rn~ source 
ddta_rulatlon shdll constitut~ tne ln~exed 

s.a:::au..:nt.i.a I key <er .i."ld.:=x) 

lthe un~~ue_id~ of tho~~ entitles ln the tar~et 

oatCi_r.::lat.i.on ;;halJ con:otltuto:: the nc.m-µrime 
l.i.·~·, non ant1ty_k~y) attrlout~s to~ each 
cross_r~lutlon ~nt.i.ty. Ther~ will ~xist a~ m~nv 

1~rgdt un1que_lJ dTtr.i.butas as rnere ar& ent1rles 
a,;; :o o c i :.de ,j w lt h n1 e ::> p ~ c .i.f 1 ~ d e.n n t.,. in r he 
S..iurce .:.iatci_ruL~tlon. If The sc.Jrce 
.Jatd_rdlat1~n has no user ~.i.s,bl~ entlty_ke.,.s, 
tn=~ rhc rc;.r1et un.i.~J-;_iJ wlJI cd~o oe an 
entlty_ko::y 11al 1.Je. 

Nor~ that 1t ls po~slbl~ from tn~ us=r·~ polnt of vl~w, 
t~r di l ~it.i.t.i.es within 5 ~lw~n ,j~td_r~latlon t~ oe 5S50Clata1 
w,r, rir1c a~ mJr~ int~r-JepenJbnt ~~t.i.ty_key5 from other 
~~t~ re1~t1on~. Jn,~ ls roughly analoJOU~ to the concept of ~ 
~cconj~ry det~11 recJra wltn two ma5t~r recor~-types in r-o-s. 
Of ~vurs~ there ls no natu for th~ us~r appl~cdt.1.on pro)ram ro 
D~ :0~n1Lcint Jf the ~,f f~rent ~afd_relario~s -- that AS the 
µ~Jp;;r cunc~rn vf th.: datoba.;;o:: djrnln.i.:;trator·. Neverthele;;s, an 
'"'xamµle of th..:: ;;oov.: mt:ntAoneJ conj.1.t.1.on INOi...dJ oe an entity 
~nlcn 1nJlcate~ the ~uant.1.ty ot differ~nt p~rts commlttea t~ 

v~r,ous ~roJect3• (This corr~~ponJs to a s~conJ6rY r~c0rJ ~ith 
two m~sr~rs ~f Jiff~rdnt rEcorj-tYPEit ln r-o-s Jar~on.) Slnc~ 

::..;en ... n 1::~tlty woulc.i µ.:i::;ses.::> no entity_K~y visible to or 
know~uJE JY the user, its lnJ~x kay woulJ o~ ~~n~rateJ by th~ 

DdM as o u~~Q~e str.i.n~. 
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j.3 5ch~ma Pro:es~or 

Jhi::: :.chem~ itself :;hall ja;c-lo1:. d Jatab::;.:>e µhy;;J..:ally 
a~ r Cl n ~ e j in. a re I <:i t " on a I ( l • c • , t .~ o u I a r ) ;TI an n.;: r • T n 1;; <;; .::> .:; i;, n t ... a I 
funct ... ons partorm.::J Oi th1::: sch~ma pr.oces::;or wl 11 be rw'.): 

-it rdll cr~df<:.t moJlty ana jo:dete al file:; 
nac~s:;~ry t~ reprasent th~ jatd 3S j~fined DY 
~~claratl~ns with!n the 5~h~ma Prcc~ssc-. 

-J.t wll I .:;tor~ .i.ntormat.i.un aoout th~ scn~ma 

.;true ture, to be uie.:.t later by the Sub-s...r1•.:m.3 
Proc.;::::;::;or~ 

Th~ sp~cJ.f.i.c f~nctJ.ons perfurme.:.t oy tn8 Sch~ma Pro~~ssor 

~nal I ot::: to: 

-craatt::: a JJ.ractory t.i.la .i.~dntlfying tht jatguas~ 

w.i.th ~ ~lven schamd name. wn~n suo•icn~m~~ ~r~ 

suosc:iqua'"\tly creat<::d, tht:ir nami:::; snoll C<: rcc~rJ.;:j 

ln tnls jJ.rd~tory. 

-malnraln d list of ~I I attrlouras anJ ~ntlty_k~y3 
alun:J w.i.th th1::: <Multics> f.i.le name.;; of the 
Jata_rejations ln which they parrlcioate. The 
physical chardctdrlstlcs of dach.atrr,but~ (e.g., 
slza, typ.:, ate.) :;he.II bli: ~-=scribej c.:::; a pc.rt of 
th.is list. The:: locks to 01;; .:;.c>:;ignej to .:acn 
attribute ~hal I ~lso oa d part of tn1s list. 

·maintain 6 list ~f al I jata_r~latlon nam2s alon~ 
wJ.Th tne .::.1Ttrloute;;o, lo:ik::; ana e:titlty_keys 
d~;oclat~~ with a3ch of tham. 

-~3lntaln a 1,sr Jf al I thd ~ntlty_patn~ ex,~r,~g 
amlny al I jara_rdl~t.i.ons. An l~jicdtlu'"\ ~h~rh~r ~ 

jata_relarlon is jepenjent upon Jnorh~r 
Jata_reL;ttlon wil I app2ar ,n tnl..:. li;t. cwn.:~n a'"l 
entlry 1s adaea ro or JeleteJ from a aa~~nj<::nt 

dato_rt::latJ.on, tri~n th~ cros::> relat1on f.i.l12s ol:twear. 
th~ assoCJ.atad jafb_relatiuns mu~t oe up~aT~j. 
Othe"'wlsa, tht: cro:.s_ralatlon fllt::s woulJ o.., u~d::tt<:::.l 
only 1f The dSSoclatej jatd_rdlatlon$ wer~ 
rt=. f e"' enc c: J by the .:;; uo- sc h.e ma l n use> • 

~ sciema mby be as complax or as simple as Jesir~J. Care 
sho:.al.J o.: taken, no~1::v~r, to insure that J.t 1;; normdliiE:d. 
llsa, consiJeracl~ lnefflc1ancl~s coulj be lntroJuc~j .i.rto ~ 
u~e- dpplicatlon pro~ram whlch attemµts to mojify j~t3. To 
a·aw ~ r~ugh an~togy wlth I-Q·S, normal,zation of ~ rel~tiondl 

jbtaoas1:: might ~e comparea ta j~fJ.n.i.n~ d jataba~e ln r~rms of 
Odta ~tructure jla9rams. 
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Tht 5ub-~Chdmd ~hal I provL~e the U~dr 6POlicdtion program 
wlTh Lt~ vl~w of a jataoase. It ~hall o~ a £uos~t of a scn~ma. 

Tha u:>~r 3pplic::.t.i.o'l pr.)_Slram ;;;hdll oe allow.::j to acc.;,;:::.s mor.a 
fhdn ~ne sub-~cham~ unl/or 5Cri~maio 

In 1nterfa~1n~ w~th thd ~che~a, The Suo-schema Pro~es5~r 
n~ej ~nly ba dwar~ Jf thE name of tne scnamd{l.~., th~ 

a~t3ociSd) dn~ the n~mes of Those attr.i.butds <and e~tlTy_keyi) 
wlTh wh1c-i this . .i!JO-.;:;chema l:> concernej, In ]dneral .it shal I 
o~ unnecE~s~ry for the user af tn~ Suo-~chem~ Proc&~~or to ~e 
conct::rns.J 1dtn the n.:.me:. of the j3t.:._relatlons , kc:y_rt!latl.::ms 
o- ;:ross_ralc.Tions. A :;Jt::ne:"al knonl.::a.;Je of th.:: logical 
r·;;.-1.:.t.i.ons~lps amon~ the< ttrlouN.i wlll usudf ly :.>uff1ce. Th-e 
Sub-.::.ch.ama Prvc:;:ssor till I uµJate tne ·l.i.st vf su.iJ•:>Chi::ma name~ 
~~.;ociat~~ with tnls schema. 

A Sub-schema JOL shall oe j<=f!nodj, lnitlally, tor the PL/1 
pro~r:.:..mm1.1~ lan9uaga. 

Specific functions p~rformej oy the Suo-sch~ma Proce~sor 
::.nal I include tne fol lowing: 

·the as5ociat~d 5chema jlrectory tile shal I o~ 

u~jafej t~ c~nTain the entrt name of the s~eclf1.~j 

Suo-:::;chema. 

-a ll..:>T sh.311 be maintained wnlcn ::.hall a:>svclate all 
thd logi~al JaTabas~ r~coras jefineJ in the 
5uo-~che~~ with tha 5peclfl~J enTitles ~efinea by 
tne Schemd Pro~essor (ther~ need not oe a one•to-one 
corr~ :;µon J..:ni.::e>, A IL .:;t of .;uo-schema sptcl f iE:d 
leeks sh~IJ also b~ maintained. 

-a IL~t S~dll b~ malntaLn~j which assoc1.ates fielj 
name~ a~f~ne~ '" the suo-scnema wiTh SPbClfl~a 
aTrr1outc nam~s pr~v1ously aef.i.ndJ in the schema. 
Thi:> ll.~t shdll also contain a j~scr.i.pti.on of th<: 
physical chardcteristics of each f iel~ d~finaj ty 
th~ suo-schema. These char~~Ter1~tics mav aiffer 
frJm tha characr~risTlcs of Thia carraspona1n1 
attr.i.oute: Jaf ined in the schema. The DBM wi 11 m:lk.::: 
Tho:: n~c.:ssurt uata c;;nvt::rslcns; at run-t.i.ma. A ll;;r 
ot LiCk.:> tJ Oc c.ppli.:::j d.:Jdinst each fiedd sh~ll &1~0 

b..: m:iint:..1.nej. 

•a ~~port ~howln~ any 1n:onsist~ncles <such d5 
missinJ entlty_key j~finitions w.i.tnih the 
;;uo-"'chernd) ~dll oe ;Jenerafej, Al::oo, lf an entltv 
l::i redaranceJ O'/ tne suo-schenn v-ihich is :Jepenjent ~ 
t~ an ant1ty ln anJther Jata_relarlon, then when~ver 
a JepenJ~nT dntltv ls ajjed to or jel~tEd from tha 
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jataoase, a "hidJen" cross_rel.Jtlon tile: mu:>r b~ 

up u a T e j. A I I po:; 5 J. b .i. I lt .i. to: :; o t s u c n "rd ~.Jen" :.> id'::! 
effect:; ;;ohdl I be ridµ.:-r tej out. 

The:: JHL ihal I be implemented throu)h the u~e cf GALL 
$tat.:ments. The fol lowJ.ng funct.i.1Jns l'llt 1 be supportej: 

-OPEN 
ITTdka d sub-.:;Lhema dVd.i.lable f .Jr upJate or 
rt:!tr.1.-=::v<:al·only (,jifl rH!c~s:::.cirt fJ.les, sucn a~ 
Jdt;;_rlilldtion:;, kdy_rdlativns ard cro~s._r.:>lar.i.on.::., 

:.>hal I oe c.rrachr;.j an.J op(;nt:!J t>Y the DBM run- t.Lm-:: 
ruut .i.n.::s -- provi Jej rhe u;;ar hJ.:> .J..:ce:::-.:; to c. 11 tht:: 
tlt.:s). 

-STO~t;. 

a :"l:w recorJ w.i.th al I its f.i.-::l.J;> (which may :)~ n.JI I 
I/cl I ued) illl.i. 11 ba p I ii1..:e.j on the .lat c.oase -- the u:;.::r 
must prov.i.ld a non-~ul' ~ntity_key anj it~ val.J~ 

a5 111all as tht: f.i..;la name.;; anJ 11-::;lue:;. to ce 
~ssocidfej riith tne speclfieJ r~cord. 

-FIND 
retrieve a specified r~corJ and its oSSOCJ.drej 
f lel~ v~lu~s as j~flned oy Tha sub-~chema. 

-MODIFY 
m0~.i.fy ~ ~pacifJ.eJ racorJ or f1~1~ 11~IJd(~J to 
~~u~I a given sat 0f v~IUdSe 

-Dc..LC: L:. 
remove from Thd Jatao3sa a iP~Clflej r~corj or 
f1elj v~IJe(s) sat.i.sfy1n~ a gl11~n iat of 
con::tlti~n-s; also rt:mo11e "''I rel··::v~nt J J.nk.:s3~s. 

-CLt:ANPOINT 
tne s~gmenti wlrhln The suo-~cnema wn.i.cn h~ve b~~n 
altered s.i.nce tnd l~st CLtANPJINT command was 
J.SSued sh~l I De ~aJe dli1iole to bt:! dumpej to ta~~ 

wlth tne Multlc; Ua~xup facility. 

-CLOSE 
the sub·schdffid ~hdll b~ reldaSeJ from th~ u~er 

appJl.c.;i:it.i."n pro,,;rdm (alt asiocl~rej tll-::s. :;;n3ll b~ 

clo~eJ and Jetach~d>. 

Adj~tlandl functJ.onallry, ~ucn as al~~oralc op~rat.Lons, 

may bd aaJe~ at d •~t~r timd. Ho~evar, lt may oe ~avlsaot~ for 
sue~ capo~llitlas to oe provljeJ oy ~~oarltt 
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~n~·u:::;er-faclllt.i.es, rather tnan throuyh PL/1. A prlm3ry 
f:;dture of tho: Ji1l .o;n:.11 be rnur <JI I r.afcrences to at trloute:;; 
will be vn the lv9ical lo:::vel. Th~ user n~<::.J kf;OW l.i.ttlt: atout 
rne phySJ.cal arjardi.,JtJ.on .Jf tnt: jatabasc. All reference::. to 
JC.L• vd 11 o..: th·ou9h rn.:! f ic I J names as dt:f ln.;;.;;i by th;; .J~>er•.:; 

suo·s.chem:.. The co1c~pt of .. current log lea I record .. sha 11 oe 
J.mol12m.;;nt::j. It sh:. I I rt.fer ti.> tnc la::.t lo::Jlcal r<::coru of ,;3,:n 
Typ~ (c.;; jef.Lnc.J ,;.n tnt: suo-scnt:m3) to hav~ been operatej on oy 
d ;:)f\.JR£ or FINO funct .. on. Th~s10 record.:;, however, shall noi o.:: 
~xpl.L-:..<tly rtferr<::j ro dS "currenr" rldcorjs. Th.;:y she.II t:e 
rct·~eV6J DY ~s2 of tnd FINJ functlon with an ar~ument to 
.. ·i j l c a t '"' • f i r :;; t , • " '1 o:: x t • o r • a I I " r e c o r j s s. 3 r l ,:; f y l n g ::. o m e 
c:..nJit!on. 

-~ecJ~ery1InreJr.i.ty 

A int:dn:; ot in:.uriri:,i jaraba~e .i.fltt-~rity shed I 
oe :;n ,;;;:;.::;2ntidl part of the system. lhe DSM sh.,;.11. 
take cur"' to upJate al I I inka='.;::; Nhena11er a jatum 
J..s moJ,f1~j oy a us~r applJ.catlon program. If 
jeSl"'i;;:J, "oefor.;;'" anj/Jr ''after" image:. of all 
~lterej ~~~ments coulj oe j0urndliiej by b~&ng 
written fu auxil.i.ary fi.les 3nj jump.;;:j to taoe 
p..:irl:>Jic..d I I y us~n,;i tth: M:.JI t lcs uA~KlJP 1acl Ii ty. 
Tne ~ve·neaj for such protection may be high. It 
&i not ctaar at tn.i.3 rime how much should oe 
~rov1jej J.n th&j 3re3, 

Anotn::r oo:;:;.i.bi I 1ty is that al I upJc.tes be: 
l'lritti.;;:n t.:; a re;;;..:irv_, area b-:for~ actui:illy oelr,g 
"pc:;ti:::.J" To tn<: jata035e. As;aln, tne ove:rh;;;:aJ 
price for such d orocddure woufj Da co15lderatle. 

Lo1~ term racovery pracejures must olso ce 
provijd:J for tho::>e ln.:.tance.:. wh-:!n part of th8 
J~taoa~~ ,~ tnaJverTdntf y Jest~oyej. Tht: backup 
r~p~~ c~n oe us~J to orlng sucn a jestroy~j 

Qatao~s~ Dack up ro its current state of lnregrlty. 
Tnls re~u,res, ha~ever, th6t th2 backup tapes 
c0ntcdn "clc::on" J<:tt'.'l• fhi;; oecomes e:;po;;clal I y 
rel6vant wh~n daaling with mutr,-~egment f1les, 
,:;in.:;e LlbM linkclJ2::> J.n one .:;e9mar1t may reflect a 
J,ffere1r state tndn rhos= ln anothdr segme~t. To 
Thl.::; enJ, tn~ Uo.'1 mu.:>t ..:::>tau 1 L ... n :;;;;m<::: it1te 11 iJen r 
com~un1cat,on intert~:e riltn th~ BA~KUP facllity .i.f 
.i.t '~ ta u~ uieJ to aJvantaJ~• Ui~r-initiat~j 

GLE~NPOINT5 rill I conrrioute tawurd such ci gJal. ~~ 

w.i.11 LldM .i.nJ.tl,::1ted CLE..ANPUINT.:>. The OdM will j1.Jmp 

, . 

upaateJ .:;!::grnt:nt:; only ciftt:r it nas a~,;,urt:.J J.ts-:::lf ~ 

thi::lt a 11 segm&nt::> Tw 0= .JumpeJ are ir: a Gd::ANPCJHH 
$fate. 
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-Pr.i.vacy/~ccurity 

ln1:: udM shdl I rel.,. or.1.marJ. Iv on A..:cc::s.-; Conrrol 
L .1. s t :i t o i n :; u r e µ r i v d c y o 11 t h ..: ·.:; c h"" m e1 , ·:. u b - s c. n e 111 ,j 

dna rt: I at ion lev~ls. Tn.i.::. shat I tat I un.:.H:r tht:: 
responsioJ.lity of thd Datdo~.:;~ ~amlni~trator. 

Provi~i.:>n:;;; Vii 11 oe mcs.:.Je ro µr,H1 .. u1:: tti::: tut..JrE: 
capaoilit.,. to LJGK dnj UNLOCK lr~ms at the 
artrib.Jtl:! l811el. 

-Gon.::urrent Upaare 
Co"lcurrent upjc. t.: of "' .;.ub-schair.a .::.h~ 11 nor o.;; 

pro t e c t e J • T ti J. ;; t ii: a t ur.:: in a y c, e prov i j ~ ..l .1. n t n e 
fut.Jr.::. 

The supµurt software to b~ oro11.1..JeJ Sh-311 lnclu:h: 
urll.i.ti"'.;;. fJ lo3j, r-~cover .... 111j .::snclly~<:! .:a Jate:.t::i.:i:.:;.,;: 3~ ,;el 
~,j•user-f~c.1.l.i.ty. 

4.1 Loaa ::tnJ UrlludO Utility 

Tho: L.oaJ Utility, wr.1.tt-:n .1.n PL11, shall o.a J<:S.i.,,FH:j r;; 
run d.:i .::ir; c;os.:r.teo: µro;;.ass, wnicn fli 11 dCCept µaram-;tr:.:rs 
d:f.1.nJ.n~ tn8 ra~ Jafd tv be loajej. Th~ Loaj Ut.1.l.i.ty wl I I 
:J:r'<:r<:.ti;;: :;.I I ne.:ess:ary ' .. Hi~qui:!_l·.J:i an.J w.1. I I lodJ al I rcl~vont 

llnkd]e flies (~nlch ~ii I prevlo~sly have bclen createJ by th~ 

Scnam~ Proce~3or). The J~tabas~ r~ferclnCej by the Loaj UT.1.lity 
::. n a I I o.:: t n Z;J r .:1 a t a o d;;; c de f l n e j b 'I t h .:. c h I::! ma ( r ..;; r ht: r th 2i n "' 
s '.J o - s .:. h E: ir. :. ) • T h e L ::> .:i J u t .i. I l t y s h a I I r. o r m J I I y :.-; ~ t n .:= 
r~spons.i.0.i.iiTY of tn~ j~taD~.:.e aJ~inlitrator. 

ih~ JnludJ ~tll!t.,. shat I o~ Jes.1.yn~J to J\.JmP t? race al 
v- 5t:!ll::!Ct.,,O.J oortiuni vt Cl j<itaOd$<:"!, inCl\.JJifi'J al I '"'-:::lev<~r1t 

sy~t~m ...taTd ~ucn a~ PO!nt~r~ anj jlr-;ct?ri~~. 

t+.2 R.ec.Jv~ry Utility 

Tn1;: Rt;co11ery UTll.1.r.,. shall .i.ntclrL2ce w1rn The Mult ... c.; 
t3AL;KUP fa::ildY tc provJ..J~ tor "clean" .Jdraua.;;-a recvvi;-ry. fht:: 
r~c~vdry i,al I ~e as ~ut~matlc d~ posslbta. 

4.3 Analy'iiS JT.i.l.ity 

~ Ut,,ity to ancily~~ the Si2~ of jat~_relations, 

kay_r~lc.tions anj cro~s_rcllarions snal I bcl µrovi.Jej. Tne 
A'"laly,;:.is Ut1litt :..hall also s.::rv~ as a v;;:rlfl.:ation aiJ in 
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J.;;t::rmln.i.19 the <:X!::>t.::nc1:;, :.ir lc:.ck tnereof, of ltnkc.9t-s t.et~een 
tne cnT.i.Tl~s of vcirlou~ aatci reldtJ.on~. 

SomE: t yp.:: of e'lJ-u:.>t:r-facl Ii Ty sha 11 be prvvio.::J d r so~e 

t;.me. lhls f.~cilit-; sri.:.11 inclu.J.:: out not ue limited ro the 
f.; I lvvdr1:::1 Cap.3t:d. I .1.tJ.c:>: 

-::ompuTc.tlon~ 

-~eport 9~1eratlon 

Som~ proV.i.~lon shoulJ oe maJe for m~asu,....lng DBM p~rformance. 

S~m~ OD~lOUS areas to examine WvUIJ b<2 tha tlme reauir~J to 
pE:rl orm ovc:rn<::aj I :H:ior-, such <.i5 pointer upJaT.1.ng, the time 
rt.::i...1ir~J to ,....t:tr.i;:ve entitles particlpatln9 J.I) jlfferent 
~rructur~~ ~'lJ the tlmc r~qulrcj To rasponJ to a requ~st in an 
lnt~rc.~tlvt: ~nvlronment. 


