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ANNUtAL, REPORTUI V1'O~AI'(SiIG 80-0212
L N I~vERSAI. RVLATION IDATIABASE SYSTIEM4S

Sept. 1, 1982 Aung.:3 1, 1983

SUIJMMARIY

%Vc' now have the queiry far ii ty fo)r oir unoiveirsal rc latiori cit;Lhase systcri worihing. W~e hiave ptibhi ied
what We believe Ico he th Liii f:11damrel tal p ape r un ifyii; jigdcas Onl what :1 I. J sylutem (an an ~d shld bie.

A1 paper so rvey inlie cevelopfIrits ill th Iii eld or universai riLiioi, systemls wiLS; irvitud for thec triennial

liii' ( onpress andu wasI, delivered ili Se'ptembher. Son ii ital restilts orE logical theo0ries aipplijell to
theI proI)lel o of iipd atiiig views ii ve beCVIi oh tainred. TI'here hav'e beeni a nourmber of clivelop fliri Li

concerning in ft renive of inicliulsioll i dpendec ecs an d onl the( comnplexity of dec iiin g certaii p iropIertie's

of ciatabasesc henics. Soffit, initercest inig rc.ri Its oIl t lel i dii cuily of ohtaiinrg hash fo or iotns thiiat work
cii for piarticullar sets of data hiave been obtained and woii anl award.

1. Systcin/U

Wce flow have a working version of' "Systc'U ," oir experioenli al riniversal-rolation quecry ansc erilg syStemf.

A trancslator cof queries to pacrse trees, hacsvdcil ou nr view of' universal relation sernani is, has heeii wcorking

sinice last. summlrer, and cdiuring the past y'ear we conmpletecd the optimizationt phiast, that translates t best trees

ill tc all orde recd set of steps thiat i noplc iii iits t he, quelcry cilii ii y . The liii r sta;ge, %dhere filhe op timliized

s'eqieiice cof stepis is exeC of ccl oil fi les Lbhat st ore the ar t,-: ii i tahase relat iions. was in plneiioted icri top of

ERlIS, whlichI is Steve Iteiss's (Brown I'Uiiv.) relac orial database facility.

\ dv(sc ript1ion rif the systeill, its da ta definiiit io~n lianguiage, its cIii ery Ian go :ge, ar I c t he itli 1 i'l 1 algo-

ri 1 li Iid icas usedc t cimllemenI(lt thuilln sc fiar hias been comiii led [K<K U andi soubmllitte rc or p ubhiicationl.

If. Un iversal Relationl Semantics

'F'lo' paper M\ l :j N as imbhiishc'c iii :I recen[t ccrnfe'ren lce proceed inIip, and an ex pamhii d v er. ion [MU~V21

has; hc'cI arcipt ec for 7*00s. Thi~s ic'itork s uiiify tIic vario)11 ;imst1imIpt ioIS t iat. pc'op le Iiacvi'Sli gges ted were

Ii Cic's;i rv tc)~ niu l ionvcr.a ci icairi sy SIei s wodrk. M, ideln otifIiecd a basi c Lssc Iimii 111, cal led thci' ogre Ii.:vor

U.S.M11lf10ionl. r hat, WV btlic'vi is issect ial for aI datablase sclricc to allow lncaniidl UR cjlic'ier, andl~ we bcelieve

that I Iis iconilticll is ii: 0 siiivnt.i lirictI, ,ve cIb ire- 0tl~i two t ii pies inl the re-lation proclicc'ed by a (Ah

sy.-sfIl 1ice i ille ri arv i IcIc ill tit(,(iss i:t.a if t Ii rc are siv cral paths th iat [[i gil gi vec rise to t IIpies, tihe i iser

dcsrr't vcri' which p iii was :cctriacllY[ti i to prod icc' a;I tpie. Arloeci with this vicewpcointt Iii database

desigic r (-arl idercide ;v lie at tniil lii' iiiist b~e split . and ci lii cycles canl be' pc'r~itt ccl ill tile si heuic. Of

ctilrsc. t ic' cdesignier's j uccg.'rccri is; livelic to dciii' Wlil itre oni' Ilavir isupi on lic is v irdatcil, but design

joiilgilriv'it. is always ni cud, wtcati';r theli framrrework irl w-hih af cicIatba is decsignled.

ljCojicirlii, fridl ,i:, i~ ul ssni iiiljrs likt. thri oicu-Iavor astilllt ion, t hver are two vicepoirlts peopile

hicu tikin ti icteilit' thei ''iclri C' r,',-s c't of'. ;t VU syst(cIl.

I . (ivi' ;tit algicril hlin fcr iiltcrjiriI ilL ijnlirics. Sysivrli, C' is all c'xciImpit cf this a~proachl.

2. De~irne ;tur dist rait Iuniversal rulit ccli. anid rvl'iirc that t lic ri:;pnrist by (li, systurinl Ie as if the query

wre' aippliicd c toI ti: oni' rulacti The1 'liii'wrk cof Saigivf is ;tit exam,&I ori'i t ils apiproach.

d4c shiowici in lvi. Ihl\?tc fculloy1,v uiqjiivaleniic e twctivvec .t in vii'wpiriits. If there i4 anly

first ii i!vr way (ice., ;I fiur ia ill relit c a :chira) toi proculi thei rcmitt oft aipbirig tIle, qIiciry to t-le

it iQ u.;limited.
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re prteentativ e in stagnce (Sagiv 's [S[ de-fl iitiogi of jte abst.rat MII), thir we ran do mc) by a finiite union01

of lossless "t airleau 111:41pinrgs.' Tle latter are esse iitially expire'ssionis using lossless join iiand projectLions.

In trrestingly, tile Systeiii/tJ approacch, which producces uncionis of Itissless joins, is riot so far fromIri te most

general possible approach, although We now see that there are situations where we shall iss generating

certain tuiples that ight logically deserve being generated.

We are begiiining to see! tire first papers ogi t1ll semantics that were writtenr with support of the grant

appearinrg ill jortnals. Recently, the papers [F M(l andii [NI IIJ] were published. The ideas bh id uiniiversaLl

relat ion systemns, aftevr having endulired many years of ofte~i outright, hostility, are finrally being recognized ;

significant. The paper [1j] was in vited to tite I 983 1111' Congress, and a rebuttal written by [Illrnan to a

logically invalid attack onl thle (JRI concept that appeared in TOI)S in 1981 is finally to appear ill the next

issue oIf that journal.

HI1. Logical D~atabases and Updates to Views

Thre problem of implemnrting updates to views, of which tile universal relation is a1 special case, ham received

considerable attention recently. We believe that. general scheines for accepting update requrests about fictionall

relations and t ranislatinig themn in au un ders t dable arnd j ustifiable way to uipdates onl thle actuial relations

can only be developed after one has an uricerstiiirg of what the "riianinrg" of thre update is. We have

therefore begun consideration of logical theories as stis cof facts that are (explicitly or irmplicitly) found in

tihe database.

lin [FIJV[ we set down a viewpoint inl which databases are sets of facts, presumrably including the facts

stored ili tile dat abase, aid( possiblly inricluidinrg soniie Facts cornst ruc tible frorrt ir ose facts arid presen t in oiie

or inore views. We ak'o proposAed a particular v itwpoirrt regarding hlow ani ilisertion or deletion affects the

set of facts il ci tre djatabase. First , w henr delet icrg a fact , the t'act shliId no lonige r be iminplied by limacts

ill lite data b:rse, a1 poirnt thrat seerni s inicon testable. Nex t, w hen iii sertinr a fact., the fac~t sh ould then he in

(riot just impl irs bly) thre database, anrd thle dIatabase shul d riot. imciply the riega tiori of thre fact, againi a very
reaLsoniable poiin t to take. Tirdl, we w ish to assumrr thiat tire database clhange is ciiiial, icr tire sense that

we do rioit delete a fact that conIci jurst. as Well be left ini withIou t. conitradiictinig airy thIng, ain c we do riot insert

spriours facts.

Tinel( mrajor debatable assriicptiori we rmake is thrat we do riot delete any facts cirless absoluitely forced

to. aird on ly as a secomnd priority do( we cili i i m Ow tlrr' nn mrber of extra facts inserted . We are ricot wedded to

this point of view, lbut we like it ocr tle groundcs that thre database represents facts that thre risers believe,

acid we muilst ire very careful aboiit tirowing tirerir away. Oir tire other balld, new facts, we show, nreed only

be igiserted in response to ain icrsertiorr requnest, by tile riser.

Socine iii wrest irg conrsequrences follow froiri ur assumcrptions. First., we discovered that it, is essential to

ccmak e a distirr* t 10cr bet weri tlit( ra'. ill tria :Fl facsi ~ec taae:1 ile cios rfe (or the( databas4e, i.e., tire facts

ta.rlnwlo~t;icvnlly frrm Otmeii. irr thre database. Tis, lir trn c, rrranrs tim two theories, i.e., database states,

canil b.- logi4;nlly 1-(Jlii ~a lcri t, icr tw vlr ' 'is chat. eachI statemeit n t inc one follows frocnt statemienit~s icr tire o~ther, anid

yet have diffle renlt, proper tices ci ci ec i isertion anrdc deletion.

E xample 1: 'ire threories Tr a, b ) andi T, { a, b, a V b } are logically equivalent, since a V b follows

logically frourI tie statemienits a all 1b i ci1, airdr all otiher crerm hers of ei tler theory are presenrt in tire other.

I Io~ ver, if' we citlet' cc andr therr deletr b,, fromi both I theories, T,' be omnes emripty , wiile TI., retains a V b, so

lilI- Iwo w c.iorice~rcome logically iir'iqnivalunt.. 7, 7 1F TC R

1Chi ef Teu',,ni crr1 trnormat tonIIv~I4 0 n



It may s('erii b~izarre that a V b can remain trite after we deleted a andl we deleted b. Hlowever, this

exa ipie pomin ts uip sve-ral fac ts.

1. ''linealling ol aI llletioI is only that we are iio longer sure tit(e fact isA true. If we wanted to say that

a is absolutely niot trtie, we woulhi insert -a, which is different fronti deleting a.

'2. ('ertain derived facts, like a V b apparenitly play the role of anm integrity constraint, i.e.., it is sayinig that

at all1 timies, either a is trite or b is true. We inulst not put thein in the ciatabaise explicitly unless we

mean them.

3. As a generalization or (2), the details or what statements are in the database matters, even if the

statemnits in quiestion are logical conlseqluences of others in the database.

that, insertion of statement -- is equivalent to deletion of -s~ followed by adjoining .4 to the databiase. In

general, there will he more than one theory that canl be obtained by a ininimial change, since several chlanges

may be incommensurate.

Example 2: Suppose on r database includes Enipioyee-epartnt faicts and lDepartincn t-Manlager facts,

and there is anti l-'nploycee-Managcr view formed from the( latter two relations by the obvious composition.

Tfhen if Jones is in the TIoy D~ept., Mnd thmt department is mnanaged by Smnith, there is the derived fact that

Smlith manages Jones, whichI may or may not be explicitly in the theory, depending oil our specific update

rules. If somneone says "delete the fact that Smith mnarages Jones," then we are left with two different

mninimal changes:

1. D~elete the( fact that Jones is in the Toy D~ept.

2. D~elete the fact that Smnith manages the Troy Dept.

The viewpoint taken by [FI1JVJ is that the actual database should he adjusted to be logically equivalent

to the "or" of these two possible worldls. I'hiat is, the new database consists of the single fact

"Jones is in the bI'y D~ept. or Sinith manages the Troy D~ept."

wssttmning there were no other facts to be'gin with. Notice how we hold onto the strongest fact that does not

inmply Lte deleted fart, yet carn be built front facts formnerly in the database.

Example 3: As ant exam pie of time [I V} rule for combining theories, let 7' { a,b ) and T2 = a, c, d }
ier TI V 72~ a, a V r, a v d1, b v r, b v d }. Note ftt, stat(eents like a V b are' kept in, even t hough

implied by the statemecnt a, which is really a V a, the two (I'S being taken from the( two theories. Th'lis aspect

of lie definition is eesential for certain resuilts to go through, it seems.

MV Complexity Issues and Dependency Theory

There has been significant progress in) the developmentV1 Of al1gorithris for rewsoning about functional depen-

de'nc iis anldc in cilision depenlmh(elcies. 'I'llhe lattecr aire (lendl ieri em thiat say ;It eii ry ill one or mrore colin inus

(If o1 me relI; t Iion in ist al so aIp pear ill designiiated icl iiii, of anothet r (per Ilisps tileit saiiic) rclaIttioni. b1y piuial conl-

st rai i s of thiis formi are "evmery Mamager is lii l- in ployce" , or ",if the (lepart. mnieli t d is men'lltioned in the IMP S

re'lat ion, thlen there is also a tn pl Icotr dI in the I) hTI'S relal.:or." Func ,tionial aid( intclIusion delpenden cies are

by far the mrost commorn frrlis of dependenmcies found iii practice, yet while tive formier are well uniderstood,

the hlt tir hav e beeii largely ignioredl ly tOw( theory, alld( t heir in terac tion ams been iunk nown.

li IKVl tile interac tion bietweii II) s aind tiii ary i li I ision depenodencies (those involv iig the contain-I ~~~~iiei t (If a si ig i atlt r ii itd ill al iot.ler by far time- mo ist ioii ou casm') A,, un~111cove're'd, anid an ('efficienit aigo-



rith ii for dduicinrg all coiisiiqier rcts was giv err. Ho0we(ver, for I" ) S ;11 id ilY ay il rasrori0 depeiHr~iV8 e, thiere

islit) algoritln to finrd the r'orr'reueces [c VI.

F'urt her ex plorations hayve been in ade ifito a num iiber or otlier a reas or' dbeuirdency tir ory. [CMVJ

(discusses what it invans for databiases (,tst. of relations) to satisfy delwrrderrcies. This issue is of iriplortance

for UR seirmntics, becauseCw WI.'r('suiri t1:1t Mliy (iniagintary) uiniversal relationi will satisfy given depeurdencies

ill soine senlse. [CV] shows flow to test ConistenIcy, oi(. of tire notions fromi [CNI Vj, in polynomial time,

p)rovided the dependencies .ire "total," i.e., they app[ly to the IJt P a a whole.

V. Properties of Acyclic Database Schiemes

We have long felt that the "acyclic" database schenes pa.yed a fundamnental role iii design of databases. In

patst years we reportedl a Ilarge numnber or lis-ri propcertieS p)ossessed lby these schemes but not by cyclic ones.
The basic query answering strategy of System/U dep~ends oin deconiposing the database scheme into acyclic

subschcnres.

The paper [HV[ shows another useful p~rope(rty of acyclic schemuies. Sp~ecifically, for these schemes4 (but

not iii genieral), the natural join is thre way to reconstruct the uiiive'rsal relation whenever a unique universal

relation exists. This is further confirmation that we have adopted the correct approarch to answcringcqueries,

since we are a:;sured that our systemi will construct the universal relation correctly anid answor the query as

if it were a~ken about that univers:il relation.

VI. Efficient Retrieval

In 1M][, which woir the Macketry Prize for the best student pape)(r at tire upcornkiig IFIE[- Syiii p. oit Fou ndations

of Coinputer Scienrce, the issue dliscussed is the tradeoff between the performnance' or haishiing funictionis (hlow

iany coll isiios they inidiuce on p1irtu a r sets of &aua) andl( the prograrn conplexity of ote fu ni coons, in'., how

long the p~rogram~ coinmirtinrg thie hash finti on iii ist be. A variety of harsh ing-Ii ki sc he ines are discussed,

in cluidinig hash inrg wi th secondary cliainus an d hash inrg inito bloc ks.

lii add it ion to get tinrg precise hoin rdsoii hlow honrg tie( ty p ical p rogra inii inust be for each of these schemeis,

the pape ~ r id doctoral thlesis conc Ii 1(1 '5 I hat the re is no ad vantage to a sc hem e in w li It pI iiiers ;are used to

fornr cliainus, whlen cornipared WittI] schtIi ci' s tI rat caic iilate :i 1(1resses diretcily . 'i'he best sort of qc her ie appe;n rs
to be one whle re the hash fuinrction gives thIe a ddiress of a bloc(k of in iiory where tie( d atuni i ri question mnay

be stored, air d hbinrary search w ithliin the bI r k is tii d to liii ( ti, d atr i if, it exists. Trhis observation about

Pointers appewars to be borne out in p)ractice', even whlen the data set is chanrg~ing rather than fixed.
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