214er:SystemsMediatorAdal�S.� DistributedinCandanK.S.y ,Optimizationnoutiz onstanapakSubrahmanianV.S.x andPAbstract Y.,sourcesryaccessetAhigherhead,onoptimizatitheofofdesignhingcacailable.vel vinvariants no theymaterest.in1 ofresultsductiontroinablesmallatosuited27[a ofdiator methengofoutprograms.bleInes.appropriatealongjectproHERMES26[3,25,18,and]39[ofesdatabases.andaccessthatributions:con1. wingfollohes: Cacofresultsof� USA.20742,y MDark,USA.20742,z MDark,CA,USA.,x Stanford,ofyUSA.20742,1 an invariant oftenees agtheinache. cexplicitly2. de: onquery yQ an ensystem mediatedM a toothbquery newQ ato0 mediatorthemediator newM aand0 andqueryersanswquery toQ the thatsystem mediatedM w.r.t. hquery toQ ersansw0 thewithw.r.t. coincides sucM elyectiv0 resptheand rewritecan3. ewQ ,giv0 whoand w shoM eW0 OptimizatiQueryofusage� appropriateets,n� ariavetc.)reordering,theofossible pplans cutiontohascost.their4. ofestimationCost- stimates: ymadoev29[30,31,obtaintoreasoningterrainelopdeva omain Statistics S ) hwhicdeledmoinsources,plan.a5. ybns: zatioymahescaccalled cesssummarization proofkinds{ ducedlossless tro inlosingwithoutand he,lossy cac originalhedcacestimation.ns.arizatio6. summistri and s: teenbthattsMaryland, TheItaly).RES, at arewcalled estimationcostasts,hemes.sc2 1: optimizerheterogeneouszationoptimi.paradigmHermestheThenqueries.tdi�erenheme.s o r i o t s st formtheA of1 :n 1 :m 1 :where: � A ; 1 ::; : n andatoms,� logical1 ::; : m form ( ; : ( ) where age, ned e and function withcalledsetpredicate ( ; : ( ) andifif executing list function to asesteden26[]. incan set.singleton3 � The form ( 1 ; ) where of ; ; ; ; of 1 ; eitherisform : : �: n where atoe.vrule:( ; ; ; ) ( ; : ( 0 0 ; ; ) ( : ; ) ( ; : ( ; )) : rule item.supplywith (\ " ; \ � " ; ; ) to place that the has‘‘ - ’’ path from ‘‘ ’’ e a called , desired - Then.to from the terrainay).partHER-y26[]. in elyrelativP R D SE, at exter-\semi-standard"ansystemalcalled video-retriev sitesincludingand 10 data.o r i o t u r o ti i r its rc it ctur dules.mofourofw.elothe First,riter and ofrewritings33[callsdomainform , : A require eA but eitherey : A . ewif if resttheandhedomain.externalThe the callingin manager t( actuallydarehesthis, to othernd4 calls.tif and and tsarianto to to videprofor call altogether. use othbtioninformazation.optimithe isdule mo(D vidingproasprograms/sourcesdomains theseestimatescostn. ymatables.rizedD thedule,D tocallsdomains.ethe ,estimator costcostthethengofdetailsrestrictions,space33[ject.subThe the islalde mothe isactiveintera thenmediatorThealuated.time.In ri ts i c in usin in ri tsnthe ebstoretoerations. morecallcalledwledgets."anindexspatialfunction distanceenin cane5 t:: ‘‘ ’’, , , : ‘‘ ’’, , , . ai.e.,of callsnewit functionacalled orts wheretablealue.: ( ; A ; ) : ( ; A ; ) . to to awithIn-example.y : ,A , returnedey : ,A , completenecessarilyacessingto iscalltheiners,answa setrstresttheall.atform:where of ; and ; and conjunctionaashin earappin in . form : eransw(domainformset.. ose,purprun-timeDuringthe neededarehe.caccall : in erationsopin : 6 � First ersanswactualthecall.n� domaireplacesthen anisin , . substitution where : ( :; ) , and for tooncall.domain� actualthebut t,. substitution where : ( :; ) , try for a videsu set for : . t, call.nthe emakcase, enkthe ebsu cessorprooftagetdi�erenery exible. ts.the dulemoin to form: to in theallwith : aformediatorthens). ebuse of rulethethenisto instead.IM7 u rit r The riter program theandtrans-ngns:atio1. formwisubgoal manager.t2. nariasource.the3. toselectionstsadornmencall.n. illustrateusexample.xample (M1).mediator(R2) A, :- A, , , . (R3) A, :- A , : , A . , A . , . (R4) A, :- A, : . (R5) , :- A , : , A . , , A . , . (R6) , :- , : . 7) ( 7) - , rewriter tsargumena with , therethatcomputecanThe that all n passto onding condition theA pushes thetosource. attribute theA out jectsthe replace with where the jectedA pro eto general,Inwn)do33([oflistapplied.)e(R9) ( ; : )� ( ) ; ( ; ) : (R10) ( : )� ( ; : ( )) : (R11) ( ; : )� ( ; : ( )) : e obtain and from pass to. 8 (R13) ( ; : )� ( ; ) ; ( ) : (R14) ( : )� ( ; : ( ; )) : (R15) ( ; : )� ( ; ; : ()) : mosttheSM section.o in ost nd t tistics estimatecost(e.g.,relationseratorsopaersystem. HERMESeymaSometimes,exists.atoys.delatheirdomain,harac-ce 34[coststhefunction. adapteasilythefortsargumenfunctionstheseine adaptcandetail.greaterThe in calledcall.attern pform : A ...,A where A eitherisol for er osition domainaw knoA theexample,call or : : , the call : the rst is allassumepattern.callne atternsol corre-aformthe9 : the theandt . estimate costformthe[ ; ; ] where to ers, eretrievthe to and costcnedtiofromothersestimationcosthe dule.. simplesttheform , , , where the isactual orFthe ofconsiststhe timeer,ondcorrespeenbandderestthedule.xample (R12).andcalls : , : , : and : plans. and(T18)of : , : , : and : thanmoreonlyincludeattributes and to whentimeissued.ase.g., : ers,answeWexample,orcall : 2.20 2.80 )/4.. regardingproblemstenance:main10 (T16) : A A 4 2.00 5 2.20 8 2.80 8 2.84 (T17) : A, A 0 2.50 1 2.70 1 2.68 0 2.65 (T18) : 40 50.0 41 51.0 39 49.0 30 48.0 35 52.0 (T19) : 100 50.0 95 48.0 105 52.0 databaseector� von: vyheastorage.on� burdenaaggregation s: unctionfunc-aggregationeblong.elyo�-line usingsummarizations problems etheofdatabase.sforhardymai.e.,estimation,theandarizations summloss less of(T16)2Figurewith tuplesA ’ ’ (or A ’ ’ aggregatedeenThe thetotuples.tablecedure:pro1. rizationsummaof setdimensions a toofattributesof setmetrics the andtheandtimeonse11 (T20) : A A 4.5 2.10 2 8 2.82 2 (T21) : 100 50.0 3 attributesdimensions(T22) the: A, A 0.5 2.60 2 0.5 2.665 2 (T23) : 37 50.0 5 predictnotis A metricsofis set ; . 2. alues 1 ; ::; : m metricsthetime y singlea1 ; ::; : m ; ; ; ) where aggregatedeentuple.onsSummarizatitsargumenc etakcall : ( ) in ewourintables. example.xample intainattribute c the predicates and from\hidden"c Thealue.c thatythe andset4.Figuree thatceduretconstanphase. eddropp12 tableshtable. accessednotoften.eryit rst,statisticsvidesproonses esptablesryspace, andor time vingdatabaseectorforresultsbiasedmoretoestatistics. ossibilities.. databaseectorcall. ofcouplecall : ofcost.xample call : A, , threeetables namely : A, , , : , , , : , , and : , , theestimatecall : , , table : , , thethates and the ,: A, , ts.)table : A, , esvfor : A, , noistable : , , or : A, , ewe : , , try : , , fortable : , , ishourgetestimate. andtuplecollectionasteps. form( 1 ::; : n ; ::; : ) . 1. table the rst of . 2. tuple ( ::; : of ue:tin3. connots ::; : a algorithm.the13 u ost sti tor The r estimatothefromfunction ectorsvhead.xample 5.1.query - , w,Non:informatio� ofpieces( ) computing tly ( ; : ( )) , : of : tuples. � time ( ) for for ( ; : ( )) . e execute, : time ( ) issue : , : calls es ( ) 1.( ) ( ( : ( )) )( ( ) ) : (1) 2.( : ()) ( ( : ()) )( ( : ( ; )) ) : (2) where ( : ()) executing A , : , ( : ()) oferA the A , : and ( : ( ; )) an, : , call. query ( 1 ::; : m ) rule head ( 1 ::; : m ) thisofof certain free.arerule withhenceof is1 ::; : n order). steps:wing1. follotheIf uses form ( ; : ( ::; : )) ert pattern : ( 1 ::; : ) where if and call : ( : ( 1 ::; : )) pattern.call2. thisforIf ector of cedureproning ducedprorule.h3. eacthatssuming14 (a) andorder,(b) trighfrom to 1 callectorv[ ; ; ] [ 1 1 ; ; ] writecan[ ; ; ] [ ; ; ] I tion nd ri su ts r s ti i r tedject-orienand US faceaas at ora),corpand,of the toOpt relatelines( restthecessor 18[3,accessingofin ustralia). orFtheofobtained. zationonse times.xecuting Calls s: tsampleeagekcalled pac IS. these thewhenexplicitlynoterveranswrole. withthemwithouttsts.he CS : in eween theacrossthe timesthreetheps.o15 Query eforfortsAns.Ans.actorshein A in he ar.in taly v.oth A, siteshe v.oth A, sitesresult tuples he v.in A in taly inhein A he har.in taly eared.v.oth A, siteshe v.oth A, sitesresult tuples he v.in A in taly ob earar.in A frames and onlyin he he v.he v.in A result tuples ar.in taly he v.in taly ob earar.in A frames and onlyin he he v.he v.in taly result tuples ar.in taly he v.in taly Remote with tsnD using using ossy statistics.callqueries and 0 query 0 queryattributesthetdi�erentables.ondingentakcompute ll the the timesrunningys,aen, dotablesoutputs.thethe someintamouncostrulethe ngbinithe com kingktracwn. eciallyesp16 Query erersActual ossless ossy Actual ossless ossy ime w C w C ime w C w C query query ’ query query ’ query query . SM the calls.tal when thatQ implyofrewritingQ a2: is11. alsoepredicts than that stalmothan closequiteanother.one2. toarewhen predicts etterbthan is then than predictsthan cases executes1others etter.t d or nd onc usions eralsev8DBMSs[19,and/or le 9[13,22,14,15,]. systems ngwiys: viorehadatabases\non-traditional"hsucetakyasources.dataofconsistingsources.distributedtraditionaln. ofarea42[statisticsof40[41,] sources. probingy17 parametersariousaecult sourcesplanningHERMES.ofa ofview d1[2,6, materializenotion7 thethrough10,11,20,21,23,24,tdi�erener,ev17[]. systems ,tlycesspro31[32,37,38,]. queries theallinthem)onorkof 35[36,]. DT-resolution elye�ectivgesaused.c no : tsthe h H- the orce y RP e abs Nr. NSF 6.r nc s [1] S. and (1991) the M D Manage-on1991.238{247,[2] pp.Data,S. of S. (1993) ueryin the le t. on ery 1993.73{84,[3] pp.DB),S. dal and (1994) mal amatin e ases l orithms data and ort S-TR-3124, t,DepartmenMaryland, 1993. in of .ingpublications/abstracts/akbiii.ps)jects/hermes/[4] d.edu/prottp://www.cs.umS. (h dal (1995) niform or nte e n o ousSystemsternational 513-520.pp.publications/abstracts/cons.ps)jects/hermes/[5] d.edu/proN. . (1989) andelevant, 1989.14(3):369{400,[6] Systems,DatabaseStefano on and . erivin duction for emental iew c.Pro17th DB 1991.onference,18 [7] (1989) ases Pro-Databaseing 1989.anguages,[8] (1984) and inte data 1984.SE-10(6):628{644,[9] Eng.,areN. w H. (1994) de S dorientedata ase t. on ery 1994.249{260,[10] pp.shish Dinesh (1992) ountin the iew ain e lem Databases, I S 1992.,[11] P. and (1993) aintainin iews 1993M D . [12] (1987) ate the - M D 1987.440{453,[13] pp.. er, . ilger, (1994) unction in ct ases esi n ization and valuation on Engineering, No.4, ugust 1994. [14] aks .S. (1993) lo schemaofinte foundations in o ous ata enix, rizona. [15] aks .S. (1995) o and l e aic an ua for nter in ultidata Systemsto of .ing[16] ProgrammogicS. and . (1994) omputin d o ic o ternationalon . 257-271.pps[17] Press,. u, otte, ue, (1995) cient of d diews 1995 M D San ose, 1995.y[18] Ma. u, and (1993) y rid e ases , publicationforon Engineering.Datajects/hermes/publications/abstracts/hkb.ps)d.edu/pro[19] ttp://www.cs.um(1987) Motro.inte ases Eng.,are1987.,[20] 13(7):785{798w(1991) uery in and elational ata ases StanfordThesis, 1991.94305,[21] holl, . (1991) ases t.and 1991.D),19 [22] and . (1990) in distri o andousases , M 1990.,[23] 22(3):183{236and (1984) of iews 1984.,[24] 14(2):240-255Record,er, . hingran, . (1990) viewsanddata c. M t. 1990.281{290,[25] pp.(1994) mal amatin e ases , 2,19,1994.291{331,[26] ppsS. dal , , . u, Ross.R.(1994) Rogers, S o ous and Systempublication.forer)erview/pap[27] v(1992) the of e SystemsIEEE omputer, 38{49.pps[28] 1992,S. W. (1993) nte o ment ings, 1993.an[29] M. D. R. (1979) ess aelational ata ase ana 1979 M ternational ononference22-34.pp.[30] Data,ofD. t R. R. (1989) for ofc.ternational DB 195{203, Netherlands, 1989.ugust[31] S. and (1993) uery the of n unctions ofc.19th DB onference. [32] S. R. and (1995) ptimizin with diews ternational 1995.109{200,[33] pp.Ullman. of ata and e Systems2. Press,Science1989. omputer[34] .M. (1994) ctivity stimation sin uery ac ofc.1994 M-SI M D 172.{[35] 161pp.(1986) with a ulation tl. on Program-ogicSpringer.84{98,[36] ppsShapiro),(1992) emoin for o ic o ams, r the 94{111.pps[37] 3,. (1995) Engineering hnicalecS -95-09, Science ternational, 1995.uly20 [38] S. dal and . (1995) uery in o ous Systems forSubmittedpublication. ,[39] S. H. arcia-Molina, er, Ireland, tinou, and .Widom(1994) . he S S nte of o ous o, apan, db.stanford.edu,erview.ps.)v[40] s-oiR. (1992) uery in o ous ata ase ana c. DB 277{291, er, 1992.anada,[41] . . (1994) for stimatin al ost aultidata Engineering 1994.144{153,[42] pp.onf.,H. . and .-H. (1993) ultidata ase uery ptimization , 1993.137{143,21 ndi u ri s s in nd ri tnquery1(First, ast, :-ject,Size)in(Size,video:video b e’)) in( ject,video:frames to ast)). query1’(First, ast, :-ject,Size)in( ject,video:frames to ast) in(Size,video:video e’)).size(’ropquery2(First, ast, :-ctor)es to First, ast)) ject to ject)) role, ject)).bquery2’(First, ast, :-ctor)es to First, ast)) role, ject)) ject to ject)).bquery3(First, ast, :-ctor)es to First, ast)) role, ject)).bquery4(First, ast, :-ctor)(’cast’)) e, ctor) .role, ject) es to First, ast)). 22