P aolo A tzeniP aolo A tzeni — CAiSE*97 1Luca Cabibb o Gianni MeccaUniversita’ di Roma T re, Italyin co op eration withandDatabase co op eration:classification and m iddlew a re to ols[atzeni,cabibbo,mecca]@inf.uniroma3.ithttp://poincare.inf.uniroma3.it:8080

••••••OutlineP aolo A tzeni — CAiSE*97 2intro ductionclassification criteri aclassificationa rchitectural techniquesa rchitectures and middlew a re to olsconclusion and discussion

••••••P aolo A tzeni — CAiSE*97 3intro ductionclassification criteri aclassificationa rchitectural techniquesa rchitectures and middlew a re to olsconclusion and discussion

••••F o cusP aolo A tzeni — CAiSE*97 4database co op erationb ridge the gap b et w een metho dologies and to olsclassification of applicationsimplementati on a rchitectures

•••Sp ecific framew o rkP aolo A tzeni — CAiSE*97 5contract with AIP

A (National Autho rit y in Italy fo r Computingin the Public Administration)AIP

A is p romoting a National net w o rk: “the Internet of theItalian government and administrati on offices”AIP A w anted to give guidelines to the va rious b ranches on ho wto exploit the net w o rk and p romote co op eration

•General framew o rk–––P aolo A tzeni — CAiSE*97 6the need fo r integrating applications a rises everywhere,stimulated b y the development of net w o rksintegration (o r interaction) of comp onents develop edsepa rately

, fo r technical, o rganizational, o r temp o ral reasonsco op eration of p reviously sepa rate p ro cesses (p ro cessreengineering)co op eration of indep endent companies (o r merges thereof )

•••P aolo A tzeni — CAiSE*97 7Levels of interactionconnectivit yinterop erabilit yco op eration: systems and net w o rks exchange pack ets ofinfo rmation (in Internet, with TCP/IP): systems and net w o rks interact b y means ofstanda rd services (in Internet, standa rd p roto cols ab oveTCP/IP): applications over different systems interact withone another; at the extreme level, distributed applicationsco o rdinate existing lo cal applications

•••••P aolo A tzeni — CAiSE*97 8Interop erabilit y servicesfile transfer (ftp)virtual terminal (telnet)electronic mail (X.400 o r ESMTP/MIME)directo ry service (X.500)WWW (http)

••••P aolo A tzeni — CAiSE*97 9Co op eration of Info rmation Systemsrequires that the co op erating systems offer application servicesit happ ens when systems mak e use of application servicesoffered b y other systemsco op erating systems “sha re goals”a majo r feature: “continuous change”

••••••P aolo A tzeni — CAiSE*97 10intro ductionclassification criteri aclassificationa rchitectural techniquesa rchitectures and middlew a re to olsconclusion and discussion

••P aolo A tzeni — CAiSE*97 11First level classificationdata-o rientedp ro cess-o rientedt w o fo rms of co op eration (no clea r cut, indeed): data in a system is visible/accessible to othersystems: systems offer services, exchange messages,(o r data, do cuments), trigger activiti es

•••P aolo A tzeni — CAiSE*97 12Pro cess-o riented co op erationexchange of messages and do cuments;simple co op eration; satisfied with interop erabili t y servicesstructured exchange of messages and do cuments;mo re complex co op eration; satisfied with EDI services andsophisticated mailer sco op erating p ro cesses: comp osed of activiti es of indep endentsubjects that co op erate;complex co op eration; solution (?): w o rkflo w managementsystems

•••P aolo A tzeni — CAiSE*97 13Co op eration: requirementsactual co op eration involves systems that a redistributedheterogeneousautonomous

•••DistributionP aolo A tzeni — CAiSE*97 14co op eration means that w e have multipl e systems;data co op eration means that w e have multipl e databases thathandle dataas opp osed to usual distributed databases, here distributi on isnot a design decision, but a fact, due to the p reexistence ofthe co op erating databasesdistribution ma y range from different databases on the samemachine to databases sp read over a geographic net w o rk

•••Heterogeneit y–––P aolo A tzeni — CAiSE*97 15many asp ectsdifferences in the computing environment (ha rdw a re, op eratingsystem, net w o rk soft w a re)differences in the database management system:different data mo del (relational, hiera ra rchical , OO, files, ...)details in the same data mo del (versions of the relati onalmo del: t yp es, constraints, ...)different languages (SQL and QBE, versions of SQL, ...)semantic heterogeneit y: differences in the meaning of data

•••AutonomyP aolo A tzeni — CAiSE*97 16Absence of a common (o r co o rdinated) control over the va rioussystems: “distribution of control”T echnical asp ects:design autonomy: the va rious systems a re built indep endently

,with different choices fo r many asp ects (thus inducingheterogeneit y)service autonomy: decision on if and ho w co op eration isestablished (what services a re offered)execution autonomy: co op eration do es not interfere with“p rivate” op erations; co op erating op erations a re executedunder lo cal control

P aolo A tzeni — CAiSE*97 17Distribution, Heterogeneit y , AutonomyClassification criteri a?No, since in the co op eration w e should b e ready to tacklehighly distributed, heterogeneous, and autonomous systemsConstraints?Probably y es, at least in the w o rst caseDeficiencies to overcome?P ossibly

, if there is some co o rdinating autho rit y:co op eration can stimulate reengineering (reducing the degreesof heterogeneit y , autonomy

, and distributi on)

•P aolo A tzeni — CAiSE*97 18The “ideal goal”–––ho w evercomplete database features in an integrated framew o rk (ino rder to develop efficient/effective co op erative applications):“integrated database”query and transaction capabiliti esabsence of redundancy (and inconsitency)current technology do es not really supp o rt this (at b estrequires effo rt and money)

•••P aolo A tzeni — CAiSE*97 19New classification criteria fo rdata-o riented co op erationdegree of transpa rency of comp onent datacomplexit y of op erationslevel of liveli ness (o r up-to-dateness, as opp osed toobsolescence o r latency) of data

+-P aolo A tzeni — CAiSE*97 20T ranspa rencymeasures the need fo r hiding distribution and heterogeneit yof comp onent systems in a data-o riented co op erationintegration of comp onent databases:the co op erative application needs to see one (virtual)database, offering an integrated schema (o r set of functions)it is acceptable that each comp onent database offers a set ofservices:each co op erative application is resp onsible fo r accessing,integrating, transfo rming the va rious pieces of data

+-P aolo A tzeni — CAiSE*97 21Complexit y of op erationsmeasures the need fo r co o rdination in the execution ofop erations (queries and transactions)complex op erations (queries and up dates): join of la rgerelations (from different databases) o r transactions withmultipl e up dates in different databases;require nontrivial managementsimple op erations (fo r example read-only , o r lo cal);do not require sp ecific supp o rt

+-P aolo A tzeni — CAiSE*97 22Liveliness of datameasures the need fo r actual availabilit y of current dataon-line access to the p rima ry cop y of data: “access of actualdata where it is”—the o riginal goal of integrated databases?access to copies, with a controlled degree of obsolescenceNote: this criteri on can b e applied indep endently to the va riouscomp onents

••••••P aolo A tzeni — CAiSE*97 23intro ductionclassification criteri aclassificationa rchitectural techniquesa rchitectures and middlew a re to olsconclusion and discussion

••P aolo A tzeni — CAiSE*97 24A classification fo rdata-o riented co op eration––– multidatabases– data w a rehouses– lo cal info rmation systems with external datathere is no need to consider all combinations:the criteri a a re not indep endent:a high degree of complexit y requires an integrationinfrastructure, that is, it requires a high degree oftranspa rency;some cases a re ma rginal o r subsumedmajo r classes: transpa rency

, complexit y , up-to-dateness: transpa rency

, complexit y: va ryingdegree of up-to-dateness

•••MultidatabasesglobalP aolo A tzeni — CAiSE*97 25in the ideal case, there is a high degree of transpa rency

,complexit y , up-to-datenessthere is a system that integrates services:live data is directly accessed in a transpa rent and efficient w a ymetho dologies and to ols fo r integration (of schemes, data,languages) a re needed

MultidatabaseP aolo A tzeni — CAiSE*97 26DB DB DBLo cal Mgr Lo cal Mgr Lo cal Mgrclient clientExp o rter Exp o rter Exp o rterGlobal Mgrclient client

P aolo A tzeni — CAiSE*97 27Five-level a rchitecture fo r federated database systemsDB DBLo cal Schema Lo cal Schemaclient clientComp onent Sch Comp onent SchExp o rt Schema Exp o rt Schema Exp o rt SchemaF ederated Schema F ederated SchemaExternal SchExternal Sch External Schclient client client client

P aolo A tzeni — CAiSE*97 28Three-level a rchitecture fo r traditional database systemsDBInternal SchemaLogical SchemaExternal Schema External Schema External Schemaclient client client client

•••P aolo A tzeni — CAiSE*97 29Data W a rehousedata w a rehousedata a re integrated off-li ne and sto red in a new database(the )t ypical applications: decision supp o rt (fo r ma rk eting, sales,financial analysis), investigation, summa rizati ongreat interest in the ma rk etplace (OLAP

, data cub e,multidi mensional databases, extracto rs, replicato rs)

P aolo A tzeni — CAiSE*97 30Data W a rehousing app roachDB DB DBLo cal Mgr Lo cal Mgr Lo cal Mgrclient client

Extracto r Extracto r Extracto rIntegrato rDataW a rehouseD

W Mgrclient client

P aolo A tzeni — CAiSE*97 31OPERA

TIONAL DB D A T A W AREHOUSEapplication o riented subject o rientedserves the op eration level serves the managers leveldetailed data also summa rized, with time seriesaccessed a unit at a time accessed a set at a timenonredundant data redundant datacurrent values over time and/o r time seriesva ries with time is not up datedused standa rdly used casuallyrequirements kno wn a p rio ri not kno wn a p rio rip erfo rmance sensitive p erfo rmance relaxedtransaction driven analysis drivenconcurrency control needed no needhigh availabilit y relaxed availabilit ystatic structure flexible structuresmall amount of data p er op la rge amount of data

•••P aolo A tzeni — CAiSE*97 32Advantages of W a rehouses wrt Multidatabaseson-line access in query p ro cessing can b e slo w:it comp etes with op erational activit iesp rima ry sources ma y b e unavailablecomplex restructuring and aggregation ma y b e needed(and p rima ry sources ma y b e heterogeneous)

•••P aolo A tzeni — CAiSE*97 33Advantages of Multidatabases wrt W a rehousessometimes access to current (p rima ry) data is essentialp rima ry data ma y change rapidlycan supp o rt unp redicted queries

••••P aolo A tzeni — CAiSE*97 34A p rop osed a rchitecture fo r D Wop erational dataenterp rise w a rehouse data (granula r, subject o riented,histo rical)“Data Ma rts:” depa rtmental data (aggregated, themeo riented)individual (temp o ra ry , ad ho c, p roblem-based)Little redundancy among the levels.

••(an aside)Data MiningP aolo A tzeni — CAiSE*97 35Tw o goals over la rge (derived) sets of data:find relationshipsmak e fo recasts

••••••P aolo A tzeni — CAiSE*97 36Data mining is useful fo r p roviding info rmation of va rious t yp es:classes: group objects on the basis of p rop ertiesclusters: “unp redicted” catego riesasso ciations: co rrelations b et w een different eventssequences: sp ecific patterns, fo r example in time-seri esfo recastssimil a r sequences

•••No clea r cutP aolo A tzeni — CAiSE*97 37In a complex system there ma y b edata whose up-to-dateness is essentialdata whose p rima ry cop y is exp ensive to access(wrt to the actual need fo r up-to-dateness)data that a re alw a ys aggregated in the same w a yTherefo re, w e could need an integration of replicated and p rima rydata

P aolo A tzeni — CAiSE*97 38An intermediate solutionDB DBLo cal Mgr Lo cal MgrclientExp o rter Exp o rterDB DBLo cal Mgr Lo cal Mgrclient

Extracto r Extracto rIntegrato rD WD W MgrGlobal Mgrclient client

••••P aolo A tzeni — CAiSE*97 39Lo cal Info rmation Systems with external datauseful if a system has to access exp o rted data from anothersystemthe application has to include the management of integration,translation, access controlmeaningful only with simple op erationsdata can b e p rima ry o r replicated

P aolo A tzeni — CAiSE*97 40The application do es the integrationDBLo cal MgrclientExp o rterDBLo cal MgrDB DBLo cal Mgr Lo cal MgrclientExtracto r Extracto rIntegrato rD WD W Mgrclient

••••••P aolo A tzeni — CAiSE*97 41intro ductionclassification criteri aclassificationa rchitectural techniquesa rchitectures and middlew a re to olsconclusion and discussion

••P aolo A tzeni — CAiSE*97 42Architectures fo r data-o riented co op eration––multi-l evel client-server a rchitectureswith middlew a re to ols fo rcomplex integration o rbasic co op eration interfaces

••P aolo A tzeni — CAiSE*97 43Tw o-level Client/Server a rchitectureclientserver: p resentation (interface, graphics, some lo calp ro cessing): application logic and data access

•••P aolo A tzeni — CAiSE*97 44Three-level Client/Server a rchitectureclientintermediate serverback-end server(basic idea): p resentation (interface, graphics, some lo calp ro cessing): application logic: data management

••••P aolo A tzeni — CAiSE*97 45Benefits of three-level Client/Server a rchitecturethe application p rogram, the sp ecific and delicate pa rt of eachapplication, is sepa rated from b oth UI and DBthe DB is not exp osedscalabilit y and flexibilit y of comp onents: no thin/fat clientdoubtmo dula rit y: reasonable encapsulation of legacy applications

•••P aolo A tzeni — CAiSE*97 46Multi-level Client/Server a rchitectureclientintermediate serverback-end server: p resentation (interface, graphics, some lo calp ro cessing): encapsulation (on an op en system) ofheterogeneous (p ossibly legacy) applications: the encapsulated application (with the dataserver)There can b e multipl e, intermediate servers (and even theback-end server ma y b e a C/S system)

•••••P aolo A tzeni — CAiSE*97 47Basic techniques fo r Client/Server data co op erationon-line data transferoff-line data transferon-line message exchangeoff-line message exchangeon-line data access

On-line data transferP aolo A tzeni — CAiSE*97 48DB DBApplication ApplicationGatew a y

••••••P aolo A tzeni — CAiSE*97 49On-line data transfer:Gatew a ysallo w applications fo r one database to access data overanother databasethere a re different levels of transpa rencyt ypically

, the client mak es use of SQLavailable in the relati onal w o rld and to access legacy DBs fromrelational applicationsflexible (if autho rized, allo w access to the whole DB), althoughsome to ols allo w read-only accessrather inefficient (the server has to execute casual queries)

Off-line data transferP aolo A tzeni — CAiSE*97 50DB DBApplication ApplicationReplicato r

••••P aolo A tzeni — CAiSE*97 51Off-line data transfer–––data a re extracted from one DB, transfo rmed, and sto red inanotherad-ho c solutions have b een used fo r decadesrecent interest in replicati on and w a rehousing to olsto ols fo rextraction (incremental, with change detection)translation, integration, cleaning, aggregationOLAP p ro cessing

On-line message exchangeP aolo A tzeni — CAiSE*97 52DB DBApplication ApplicationInterface

••••••P aolo A tzeni — CAiSE*97 53On-line message exchangefunction-o riented interface: remote p ro cedure call (RPC)the client invok es the execution of a p rogram on the server andgets the resultsvery rough extreme: screen-scrap erssto red p ro cedures in DBMS o r op en systems APIs indistributed environmentsmo dern evolution: object-o riented serviceswidely used in traditional TP monito rs and in mo re mo derndistributed object technologies

QueuemanagerOff-line message exchangeP aolo A tzeni — CAiSE*97 54DB DBApplication Application

•••P aolo A tzeni — CAiSE*97 55Off-line message exchangefunction-o riented again (t ypicall y), but asynchronousa to ol handles queues of messages (message-o rientedmiddlew a re)tolerates unavailabili t y of server connection

DBApplicationOn-line data accessP aolo A tzeni — CAiSE*97 56client(b ro wser)W eb serverand CGI

•••P aolo A tzeni — CAiSE*97 57On-line data accessdatabase access through WWWvery common (and useful) in structured WWW serversInternet vs Intranetallo ws the wide dissemination of info rmation

••••••P aolo A tzeni — CAiSE*97 58intro ductionclassification criteri aclassificationa rchitectural techniquesa rchitectures and middlew a re to olsconclusion and discussion

••••••P aolo A tzeni — CAiSE*97 59Architectures fo r data co op erationBased onelementa ry to olsDatabase Gatew a y Servers o r Distri buted DBMSs withgatew a ysData W a rehousing to olsDistributed T ransaction Monito rsObject Request Brok ersintegrated to ols

P aolo A tzeni — CAiSE*97 60DB DBApplication Application

Integrato rApplicationArchitectures based onDatabase Gatew a y Server o rDistributed DBMS with gatew a ys

P aolo A tzeni — CAiSE*97 61Architectures based onData W a rehousing to olsDB DBApplication ApplicationIntegrato rD WApplication

P aolo A tzeni — CAiSE*97 62DB DBApplication Application

Integrato rApplicationArchitectures based onDistributed TP Monito rso r Object Request Brok ers

•••P aolo A tzeni — CAiSE*97 63T ransaction Pro cessing Monito rstraditional TP Monito rs: efficient (queue mgmt) and reliabl e(co rrect transactions) access from remote terminalsdistributed TP Monito rs: efficient and reliabl e access toremote services in a distributed environmentcurrently

, this is not a complete distributed computationenvironment

••••Object Request Brok ersP aolo A tzeni — CAiSE*97 64general-purp ose distributed computing a rchitectureobject-o riented: object interfaces a re used b y clients that don’tsee implementati onsdo not allo w complete database transpa rencycould b e integrated with to ols that supp o rt transactionmanagement

•••Integrated T o olsP aolo A tzeni — CAiSE*97 65p rovide a suite of featuresoften object-basedoften offer b oth development and execution supp o rt

P aolo A tzeni — CAiSE*97 66Architectures based onIntegrated T o olsDB DBApplication Application

Integrato rD WApplication

••••••P aolo A tzeni — CAiSE*97 67intro ductionclassification criteri aclassificationa rchitectural techniquesa rchitectures and middlew a re to olsconclusion and discussion

••••ConclusionsP aolo A tzeni — CAiSE*97 68co op eration can involve very different needs and so manyalternatives existca reful evaluation of costs and b enefits of the a rchitecture:some soultions a re complex and exp ensiveco op eration do es not require migrati on no r reengineeringco op eration can stimulate and encourage migrati on andreengineering: it allo ws an incremental, lo w-ri sk app roach tomigration

•••••••••••General Referenceshttp:/ /p oi nc are .i nf .u ni ro ma 3. it :8 080http: // ww w.o mg .o rg /o ma ov .h tmhttp:/ /w ww .o mg .o rg /su gg rd gs .h tmhttp:/ /m sg www .u cs .i nd ia na .e du /m ess ag in g/ in fo sh ar e/ mi dd lew ar e. ht mlCo op erative Info rmation Systems: T rends & DirectionsMigrating Legacy Systems: Gatew a ys, Interfaces & theIncremental App roachMo dern Database Systems: the Object Mo del, Interop erabilit y , andBey ondDatabase DirectionsCA

CMBuilding the Data W a rehouseA

CM Computing SurveysUCS T echKno wSha re: A Primer on Middlew a reP . A tzeni, L. Cabibb o, G. Mecca. Database co op eration: classification and middlew a reto ols. Draft. So on avalaible atG. De Michelis et al. Co op erative info rmation systems: A manifesto. T o app ea r in, M. P apazoglu and G. Schlageter(eds), Academic Press, 1997.M.L. Bro die and M. Stoneb rak er.. Mo rgan Kauffman, Los Altos, 1995.W. Kim, edito r.. A

CM Press and Addison W esley

, 1995.J.A. La rson. . Prentice Hall, 1995.P

. A. Bernstein. Middlew a re: A mo del fo r distributed system services. 39, 2, F eb.1996, 86–98.W.H. Inmon. , Second Edition. John Wiley

, 1996OMG. OMA Executive Overview.OMG. Suggested Readings.A.P

. Sheth and J.A. La rson. F ederated database systems fo r managing distributed,heterogeneous, and autonomous databases. , 22(3):183–236,Septemb er 1990.UCS Messaging T eam , Indiana Universit y ,P aolo A tzeni — CAiSE*97 69

••••P aolo A tzeni — CAiSE*97 70References to to ols and p ro ductshttp://www.dbmsmag.com/pcmidcon.htmlhttp://msgwww.ucs.indiana.edu/messaging/infoshare/middleware.htmlM.L. Bro die and M. Stoneb rak er.. Mo rgan Kauffman, Los Altos,1995, Chapter 10.W eb sites of all p ro duct vendo rs.UCS Messaging T eam ,Indiana Universit y ,Migrating Legacy System s: Gatew a ys,Interfaces & the Increm ental App roachDBMS 1996 Buy er’s Guide and Client/Server Sourceb o ok. Middlew a re,Connectivit y , and Internet T o olsUCS T echKno wSha re: A Prim er on Middlew a re