Supporting Engineering Applications by new DB-Processing Concepts - An Experience Report

Christoph Hübel , Bernd Sutter University Kaiserslautern Erwin-Schrödinger-Straße D - 6750 Kaiserslautern Federal Republic of Germany

Abstract Database management systems fornon-standard applications,inparticularforengineeringapplications (NDBS),constitute nowadays one of the most importantchallenges in the area of database research. Some of the major obstacles are concerned withproblems of modellingand processing complexengineering objects. Some new kindsofoverallsystem architectures have been proposed, and appropriate concepts for handling the new types of application objects have been developed in the last five years. Based on PRIMA,an NDBS-kernelprototypeimplementation,we motivatea workstation-orientedarchi-tecture forNDBSapplicationsystems. Weexplaina prototypedapplicationsystem inthe environmentof VLSI-chipdesign, whichserves as a practicalexample inhandlingcomplexobjects. Analyzingthe weaknesses ofthisinitialapproach, wederivegeneral concepts forapplicationlinkage,discussing inparticular key issues for an efficient object processing and language binding.

1. Introduction

Adequate modellingand efficientprocessing of applicationobjects constitute the key problems of employingdatabase management systems (DBMS)whichsupport so-called non-standard applications.By comparison withconventional applications, the relevant entities of the non-standard ’world’are much more complex,i.e. they are internallystructured and consist ofheterogeneous components. Describing such entitieswithmeans ofa conventionaldata modelresults ina modellingproblem.Based onlyon simple tuples, records, and sets, etc., itis very difficultor nearly impossibleto describe and process these applicationobjects as a whole,includingallessential semantic aspects. Inaddition,application-indepen-dent operations, such as insertionofnewobjects, selectionofobjects withspecific(complex)properties, or object deletion, as wellas object modificationmust be tediouslyimplemented by a great number of elementary operations on elementary objects. The molecule-atomdata model (MAD)outlinedin /1/, is one step insolvingthese problems (other approaches are described inthe literature/2/, /3/, /4/).Atoms are the basic elements of the MADmodel used to represent the real worldentities. They play a similar role to tuples in the relationalmodel. Each atom is composed of attributes of various types, is uniquely identifiable,and belongs to its corresponding atom type. The attributes’data types can be chose froma richer selection than in conventional models yieldinga more powerfulstructuringcapabilityat the attributelevel.Relationshipsbetween atoms (entities)are expressed byso-called linksthat are definedas linktypes between atom types. Linksare used to efficientlymap all types of relationships. This direct mappingand the provisionofbidirectionalyetsymmetriclinks(represented viareference/back-reference pairs) greatlyincreases the flexibilityofthe MADmodel. Thus, inthe database allatoms are connected

SFB-Bericht 26/88, SFB 124, University of Kaiserslautern, 1988

bylinksformmeshed structures. Based on thisatom network,itis feasible to dynamicallyconstruct molecules using atoms as elementary buildingblocks. Moleculesare defined withinstatements of the socalled moleculequery language (MQL)and have to be derived at run time.Each moleculebelongs to a moleculetype specifiedinthe MQLquery. Thistype descriptionestablishes a connected, directed, and mainlyacyclictype graph as subgraph ofthe database schema (thisgraph becomes cycliconlyifrecursive types are involved).Thus, each type descriptionspecifies a starting point(i.e. root atom type) and all participating atom and link types. MAD’s most important objectives can be characterized as follows: • dynamic definition and derivation of molecules • molecules are dynamically derived based on the elementary building blocks called atoms • molecules consist of structured sets of atoms of possibly different types • all relationships among atoms are represented in a direct and symmetricalway allowingfor shared subobjects • set oriented molecule processing is offered by the descriptive SQL-like query language MQL Havingin mindallthese characteristics, we believe that the MADmodel constitutes a powerfultoolfor the descriptionand the representation of engineering world’sentities. Untilnow, we have developed a prototypesystem that offersMADas its data model interface. Thissystem is called PRIMA(PRototype Implementationofthe MoleculeAtomdata model)/5/,and serves inthe mainas a research vehiclegaining experiences in both implementing and utilizing the proposed NDBS concepts. Similartothe modellingproblem,the use ofprocessing schemes, whichare associated withconventional data models, results in a processing problemfornon-standard applications.The traditionalschemes are restricted to the simpledata structures providedby such data models as wellas to the ’onetuple at a time’semantics determined by the concept of’subschema’applicationlinkage.However,the applicationprograms preferto handle the molecularobjects inan application-orientedmanner, since these represent the applicationentities. Therefore, application-dependent operations have to be integrated into the NDBS.In this paper, we discuss the concepts of an additionalsystem layer (as part of the NDBS), the so-called application layer (AL), giving a solution to the processing problem ALconstitutes the topmost layer ofa non-standard database system (NDBS),as described in/6/. Fig.1 shows the overallNDBSarchitecture and illustratesthe central role ofALas the linkbetween the application and the application-independentNDBS-kernelsystem, i.e. between the applicationmodel interface and the data model interface. An applicationmodel is characterized by a special interface which supports a specificclass ofapplicationsbyofferingexpressive, application-orienteddata structures combined withtheircorrespondingoperations. Based on the data modelobjects (moleculesand atoms), the ALachieves thisorientationtowards the application.The encapsulation ofdata and algorithmsresults in

application

application model

application layer

data model MAD

NDBS-kernel-system

PRIMA

Fig. 1: Our overall NDBS architecture

NDBS a kindof abstract data type (ADT)/7/. Some approaches to integrate ADT’sinto data models are described inliterature/8/, /9/. These investigationsare founded on the same aim:ADT’sshould enrichthe modellingcapabilityby aspects of procedural description.So itis in our case, the ADToperations constitute the ALprograms whichhave to manipulate the neutral, but complexmolecularobjects delivered by the data model interface. Since this is done by means of conventionalprogramminglanguages, we require adequate concepts for language binding. The remainder ofthis paper is organized as follows.Inthe next chapter, we discuss some architectural aspects placingfurtherrestrictionson the applicationlinkage.Inchapter 3, we introducea concrete applicationinthe environmentofVLSI-chipdesign. Theimplementationissues ofthe prototypeddesign tool is described indetail,inorder to illuminateour firstapproach inprocessing molecularobjects. These investigationsdeliverarguments and examples whichinfluencethe discussion ofgeneral concepts forapplicationlinkage.Based on these insights,we explainourrefinedapproach inefficientmoleculeprocessing and illustrate the key issues for AL organization.

2. Architectural Aspects of Engineering Applications

Newkindsofcomputer-based applicationsrequirenewand suitableconcepts fordata management support. The followingaccount sketches the characteristic properties of such applications,especially in an engineering environment. Engineering applications are in the main: • Data intensive:one reference at the applicationlevelnormallyproduces a great number ofreferences at the representation level (i.e. employing a conventional DBMS this will be the data model level).

• I/Ointensive:often,the results ofapplicationoperations can onlybe understood byrepresenting them on a graphic screen.

• Dialogueoriented:the engineeringuser must frequentlyinteractduringthe developmentprocess; this implies that response time is one of the most important optimization subjects.

• Power consuming:the algorithmscarryingout the applicationoperations, oftenconsume a great deal of processor power.

In addition, there are further requirements from the application environment, which concern: • special I/O functions (graphic I/O, acoustic I/O, analogous I/O, ...), • dynamicextensibilityof system architecture (an applicationsystem forone or twoengineers should be extensible to a system for one or two hundred of engineering users, withoutany loss of performance and without any change of the system’s interface).

The considerationofthese applicationproperties leads to a workstation-basedhardware architecture.In this case, we have decentralized and autonomous processors. Each processor provides processing power to a fixednumber of users (mostly,itwillbe one user). Coupled via a localarea network(LAN), the workstationshave access to a central database server maintainingallthe data representing the application environment. When the number of workstationsis increased, the overallapplicationsystem willbe able to serve an increased number ofusers. However,froma certain number, response timewilloverrun,because ofthe bottleneckgivenbythe centraldatabase server and the LAN.The closer the couplingbetween database server and workstationis, the more they willmutuallyinfluenceone another (due to increasing communicationtraffic).Therefore,itis a veryimportantaimofsystem design torealizea looselycoupledsystem ofcomponents, whichare more independent and have onlya limitedneed fordatabase access and communication.Toreduce the access frequencywe introducea privatedatabase, whichis managed by the corresponding workstation.The private database can be loaded dynamicallyfromthe central DB,with the data representing a specificpart ofthe applicationenvironment(thisusuallydepends on currentuser activities).Normally,data are keptinthe privatedatabase fora longspan oftime(hours, days, orweeks) untilthe engineeringuser decides to leave his currentworkinorder to finisha singletask or to reach the next step of design. Fig.2 shows the architecturementionedabove. Thisproposal impliesthe usage ofa kindofworkstation, whichoffersenough processing power, universalfunctionalism,and sizable main memoryand secondary storage (at least 1 MIPS,8 Mbytesmainmemory,and a fewhundred Mbytesofsecondary storage). The presented arguments concern not onlyhardware, but also software aspects. For example, the decentralizedcomponents withinthe distributedsystem can workautonomously,ifand onlyifthe software permitsthis.So, inthe following,we wouldliketo discuss some softwarerequirements. Inparticular,we answer the question ofassigning softwareand hardware components. Tosimplifythe problem,one must distributethe boxes sketched in Fig. 1 among the boxes shown in Fig. 2. /10/ contains a more general considerationofthese architecturalaspects. Inthe contextofthispaper, we concentrate ourexplanation on twodifferentapproaches. These are illustratedinFig.3. /11/ proposed the concept ofso-called tight

workstation

local area network

central DBMS server private database

central database

Fig. 2: A detailed hardware architecture for non-standard application systems database cooperation based on coherent DBMS(resp. NDBS-kernel)for workstationand server site (Fig. 3a). The central idea of this approach consists of the following issues: • high level for request formulation, and • low level for data preparation. This means, the workstationrequests are made at the query language level,whereas the extracted/injected data are transmittedat page level.Thisaims to reduce the server processing time,since the database server has onlyto determine the pages withrelevantinformation(inparticular,no projection,only basic qualifications,no joinoperation,and no typeconversion).Itseems, however,that there is a serious disadvantage inthis proposal: the extracted and transmitteddata are not restricted to the required data. Thus, the expected mutual influenceis very strong, because multipledatabase management systems runningon multipleworkstationshave to handle copies ofinternaldata (i.e.descriptionand controldata) outside the central database. Thishas consequences forthe validationofaccess and controlstructures, too. Allthese problems are known in the context of multiprocessor database systems /12/. Certainly, there are solutions,but we do not believethat these are veryefficientinthe contextofover one hundred coupled database management systems. Anotherapproach is shown inFig.3b. Here, the NDBS-kernelruns on the centralserver. The ALand the applicationthemselves are associated withthe workstationsite. The cooperationbetween ALand kernel system is also providedat query language level.Contraryto the firstapproach, the data transmission is made at the data modellevel.The transmitteddata are exactlylimitedtothe requiredinformation.Mutual influenceis reduced to the case ofaccessing overlappinginformation(inparticular,when several workstations require the same data). Inany case, the dependencies between database server and workstation processing decrease, since no internal structures leave the boundary of the kernel system. The second approach has the advantage that the transmittedobjects already approximatethe processingobjects. Hence, no furtherobject evaluationbecomes necessary on the workstationsite. The strongest argument, however,is givenby the fact that we use onlya single main memoryarea to buffersubjects oftransmissionas wellas subjects ofprocessing. Thisso-called objectbufferis placed on workstationsite, and consequently lies near to the programs, whichhave initiallydemanded the corresponding objects. Therefore,the access to thisdata can be implementedina more efficientway,than inthe case of buffering pages in a conventional DBMS buffer /13/, /14/. Withthese arguments in mind,the outlinedoverallsystem architecture (see Fig. 3b) willconstitute our reference architecture for the following considerations.

application application

application application

application layer layer

NDBS NDBS kernel

a) b) workstation site

server site

Fig. 3: Distributions of software components kernel

NDBS kernel

3. A VLSI Application on PRIMA

Now,we present PRIMACHIP,our prototypechip planningtool.PRIMACHIPis used to gain firstexperiences inprocessing molecularobjects. Afteran introductioninthe VLSI-designprocess, a briefdescriptionofthe architecture ofPRIMACHIPfollows.Then, we discuss the interface to the NDBSkernel, and furthermore, we explain and illustrate our processing model for manipulating molecular objects.

3.1 The VLSI-design process Todays VLSItechnologyallowsthe integrationof more than two millionelements (e.g. transistors, capacitors or resistors) on a single chip.Therefore,a partitioningofthe overalldesign is necessary. There are two distinguishable division strategies: • design domains

/15/ suggests a subdivisionof the design process into the behavioral (or functional),structural, and physical part. The behavioral part results in a functionaldescription of the circuits(e.g. algorithms, functions).The structuralpart describes e.g. functionalblocks,register-transferunits,or circuitplans. Finally,the physicalpart providesdetailsofthe physicalstructures ofthe correspondinggeometricobjects.

• hierarchical levels

Structuringthe design process in several hierarchicallevels is an orthogonal concept to reduce the design complexity.Atthe highest level,a chipis dividedintocellsrepresenting data memory,program memory, I/O-driver,ALU,control unit, etc. Atthe next level, a cell is partitionedinto subunits, e.g. ROM,instructiondecoder, or busses. Consequently, these cells can be dividedintofurthersubcells (multiplexer,comparator,AND-circuit,etc.). Fig.4 shows a hierarchicalpartitioningofa chipintothree levels at the example ofan floorplan. The cellcurrentlybeing processed is called ’cellunder design’ (CUD), and the cells of the next subordinate level constitutes subcells.

In the following,we wish to consider the physicaldesign in more detail. We willorientate ourselves on the PLAYOUTsystem, a chipplanningtoolcurrentlyunder development at the UniversityofKaiserslautern /16/. Achipplanner generates a floorplan forevery cell(synonymouslycalled module),i.e. a topo-

a

A B C

F

H

D

G c d b

e

g

floor plan

• • • • • • • •

• • • • • •

• • •

A E H

g f b a cell under design

structure hierarchy

Fig. 4 : Hierarchical partitioning of a chip into three levels

•

• • • E

graphical placement of all its submodules and, at the next level, fortheir submodules. This process is separated inseveral phases whichare illustratedinTab. 1. As we willsee, most phases ofthe process are double-faced:they consider the actions at one hierarchicallevelas wellas the cooperationbetween the levels. Ina firstphase, the bipartition(cluster)algorithmtakes up the task oftopologicallyplacingallsubmodules of the CUD.It receives a module listand a net listas inputinformationfromthe structural description. The modulelistcontains informationabout allsubmodules ofa CUD,whereas the net listdescribes the connections among the modules. Corresponding to a cost function,the algorithmplaces a topological order on the submodules and organizes them ina so-called slicingtree (Fig.5). The leaves contain the submodules and the rootrepresents the CUD.The innernodes represent subclusters forthe associated modules and contain topologicalneighborhood information.In a latter step however, the nodes willbe assigned informationas to whether the twomodules (orsubclusters) are connected by a verticalor horizontalcut (h/vorientation);forexample, there is a horizontalcut between the cellgroup A,B,Cand the other cells. Before describingthe bottom-upsizingas the next step, we have to introducea sizingfunction.Therefore, we have a lookat the underlyingsizing model of the chip planner whichdetermines the possible module sizes. In the sizingmodel, onlyrectangular modules are allowed.The basic modules are standard cells, calledmacros. For technologicalreasons the ratioofthe moduleside lengths is not arbitrarily deformable.The modulesize is therefore givenbya listofpointpairs (calledsizingfunction)each specifyingthe possible breadth and heightofa module.The additionofthe sizingfunctionsoftwomodules in

5

5

5

10

10

5

5

10

10

5

5

5

5

10

10

15

15 sizing function of module M1 sizing function of module M2

addition of M1 and M2 for a horizontal cut addition of M1 and M2 for a vertical cut

sizing function of the cluster

Fig. 6: Evaluating the sizing function for the cluster of two modules horizontal cut better

vertical cut better y-and x-direction(horizontalor verticalcut) results in a sizingfunctionforthe cluster representing both modules ..(Fig. 6) Accordingly,bottom-upsizingevaluates the sizingfunctionforeach CUDfromits submodules by determiningthe sizingfunctionof each inner node in the slicingtree, and then evaluatingthe sizingfunction ofthe root node whichcorresponds to the CUDmodule. Note, that there is stillno h/vorientationin the slicing tree. Inthe next phase, the top-downdimensioning,the side lengths ofallsubmodules are estimated fromthe givenCUDsize, the slicingtree and the evaluated sizingfunctions.Generally,ifone side lengthofa module is given, the other side length can be evaluated fromthe sizing function(Fig.6). Each pointof the sizingfunctionhas a h/v orientation,depending on whether the subcells have been added in y- or x-di-rectionforthis point.Ifthe cut is vertical,the sons in the slicingtree have the same y-dimensionas the father, otherwise they have the same x-dimension.From this value and the sizingfunctionof the sons, the other dimension is evaluated. Finally,the side lengths of the submodules (the leaves in the slicing tree) are determined. However,we have not yet taken intoaccount the wiringareas. In order to do this, a certain increase is evaluated and generallyadded to the moduledimension/17/.Consequently,top-downdimensioningde-

module list and net list from the structural description slicing-tree and sizing functions of the primitive elements slicingtree, sizingfunctions,cellsiz- es slicingtree, sizingfunctions,net list, pin information design phase task input information

bipartitioning

bottom-up sizing

top-down dimensioning

global and local routing slicing tree evaluation

sizing function evaluation

h/v orientation in the slicing tree, dimension estimation for all submodules planning the wiring areas

Tab1.: The main phases of the chip planning process

h

v

v v

v

h h

D G E

F H

A

B C

h = horizontal cut ; v = vertical cut Fig. 5: Example for a slicing tree of the chip in Fig. 4

CUD

liversa raw channel distribution.Ina latter phase (globaland localrouting)the wiringareas are exactly determined. Afterthis brief introductionin the VLSI-designprocess, with special emphasis on chip planning, we present our NDBS based prototype system PRIMACHIP.

3.2 PRIMACHIP - a Chip Planning System PRIMACHIP/18/ is a non-standard applicationwhichrealizes some of the chip planningphases listed above. The PRIMACHIPsystem is structured intothree layers: the NDBSkernelPRIMA,the application layer,and the actual application(compare Fig.1).Fig.7 sketches the entirearchitectureofPRIMACHIP. Atthe data model interface, a set of neutral yet powerfuloperations is provided(MADmodel, see /1/). Aftera MADretrievalstatement is evaluated, the resultis stored inthe objectbuffer,whichis a repository forthe complex,heterogenous set ofatoms. Primitiveoperations allowaccess tothe atoms and molecule structure information, which reflects the internal structure of every molecule. Fig.8 shows the MADschema forPRIMACHIP.Adetailed discussion ofMADschema definitioncan be foundin/1/. The central atom type is MODULE.Each MODULEis either a standard module(notfurther divided)or consists ofcertain submodules. For modellingthe slicingtree, the atom type GRAPHNODE is required. The sizing functionis modeled by the atom types CURVEand POINT.The relationships among modules are recorded inNET.Inorder to store the wiringinformation,twoother atom types are of interest: CHANNELto model the wiringarea attached to each module and PINto store the I/O-con-nections to other modules. The applicationlayer achieves a kindof tailoringmechanism forthe VLSIchip planner (PRIMACHIP). The programs inthe ALtransformthe objects and operations ofthe applicationmodelintothose known at the data modelinterface.The applicationmodelinterfaceprovidesan object-orientedapplicationmod-el: Some objects are e.g. module list,net list,slicingtree, etc., forwhichthe corresponding operations are offeredby the AL.Therefore we have introducedthe classical ADT(abstract data type) concept to organize the AL. The following four ADT operations may serve as an illustrative example: • READ_AND_STORE_LISTtakes modulelistsand net listsas inputinformationand stores them inthe database using an INSERT statement.

• The BIPARTIONINGoperation selects the affected modules and net informationfromthe database and executes the cluster algorithminorder to determine the topologicalplacement ofallsubmodules. Thereby, new graph nodes are created and arranged in the slicing tree.

• BU_SIZINGdetermines the sizingfunctionofeach module fromits submodules sizingfunctionsand the slicing tree.

• TD_DIMENSIONING estimates recursively the size of each submodule from the given CUD size. Finally,the applicationuses the objects and operations providedbythe applicationlayeraccordingtothe performingtask. Itdeliversa graphic, menu-drivenend-user interface. The top menu presents allavailable design phases inPRIMACHIP.InPRIMACHIP,the structuralchipdescription,as itis normallydeliveredby the structural domain, is supplied by an interactive,graphic user dialogue. The result of the

individual ADT operation is also represented in agraphic manner.

3.3 Processing Complex Objects in PRIMACHIP

Nowwe investigate the object processing in the applicationlayer in more detail.Itis the task ofthe ap-

plicationlayerto transformthe VLSIobjects such that they are knownat the kernelinterface(molecules

GRAPH- NODE

MODULE CURVE POINT

CHANNEL

PIN NET

1..n

1..1

1..1 1..n

1..n

n..m

n..m n..m

n..m

1..n

1..n

n..m

Fig. 8: The MAD schema of PRIMACHIP application (with graphic user interface)

application model interface

data model object buffer

NDBS kernel PRIMA

Fig. 7: The system architecture of PRIMACHIP interface

READ_ AND_ STORE_ LIST

BIPAR- TITIO-

NING BU- SIZING application layer

TD_ DIMEN- SIO- NING

and sets ofmolecules),and to execute the applicationoperations bytransformingthem intoa sequence of primitive object buffer operations and MAD statements.

Anobject buffer,as presented inchapter 2, involvessome characteristic steps inexecuting an applicationoperation. Firstly,the required data are downloaded fromthe database intothe object bufferusing the SELECTstatement ofMAD.Then, objectbufferoperations allowaccess to the basic components of the molecules, i.e. the atoms and theirattributes. There are twopossible ways to change the molecules in the object bufferand in the DB:The executing of MADmodificationstatements (INSERT,UPDATE, DELETE)reflects directlythe modificationsinthe database, whereas the MODIFYstatement ofMADis utilizedto propagate changes to the database whichhave been firstlymade in the object bufferusing special bufferoperations. Thisprocessing modelis wellknownas the checkin/checkoutmechanism /13/ , /19/. Execution of a MAD statement Before describing the usage of the object buffer,we have to clarifythe result of a SELECTstatement. The execution of a MAD statement is divided into a definition and an evaluation phase: • Defining a MAD statement

Insert @ insert2 : graph_node From graph_node recursive graph_node . is_father_ofgraph_node until rec_max = 100

TOP_DOWN_ DIMEN- SIONING

READ_AND_ STORE_LISTS

BIPAR- TITIONING

BOTTOM_UP _ SIZING

CHIP PLANNER

sizing functions of the submodules

CUD size module list and net list

object buffer

Select ( mod1(module_name, module_id), mod2(module_name, module_id), curve( ), point(x_dim, y_dim), net(net_name, net_weight)) From mod1(module) . is_tm_of-mod2(module)- ( . module_net-net, . module_curve-curve-point) Where mod1 . module_name = $module

Select all From mod1(module)-( . module_graph_nodegraph_node-mod2(module)- ( . module_net-net, . module_curve-curve-point), . module_curve-curve-point) recursive graph_node . is_father_of-graph_node until rec_max = 100

Modify @ select_buffer

Insert @ insert1 mod1, mod2, net, curve, point From mod1(module) .

if _tm_of-mod2(module)- ( . module_net-net,

. module_curve-curve-point)

Fig. 9: The DB interaction of PRIMACHIP

Defininga MADstatement is a data modelinterfacecallactivatingthe MADcompiler,whichwillcheck the statement forsyntacticand semantic correctness and generate an access module. Furthermore, the MADcompilerdeliversa typedescriptionofthe latterstatement resultcontaininginformationabout - the moleculetype structure whichdescribes the moleculetype assembly (atom types and the related reference attributes, see Fig. 9), - the atom type structure whichdescribes the related reference attributes, and attributes, as wellas their sequence for every atom type, and - the attribute structure (e.g. data type, attribute length).

• Evaluating a MAD statement Evaluatinga MADstatement initializesthe executionofthe correspondingaccess modulegenerated duringthe definitionphase. ASELECTstatement deliversa set ofmoleculesinthe objectbuffer.EveryMAD statement has its own object buffer to deposit the corresponding molecules. Representation of molecules in the object buffe The result of a query is a set of molecules. Every molecule has its own molecule structure whichdescribes the relationshipsbetween the atoms inthe molecule(Fig.10). Amoleculecan be identifiedby a singularatom (rootatom). Startingfromthis atom, every other atom inthe moleculecan be reached followingthe corresponding atom references, since the molecules are defined to be coherent. Amolecule can thereforebe considered as a special viewon the database. Iftwomoleculeshave overlappingviews, they share common atoms in the buffer. AMADstatement enables the definitionofdifferentatom roles /1/withdifferentatom projectionlists.The qualifiedprojection,another importantconcept in MAD,allowsthat the same atom in the database can have differentatomrelationshipsindifferentmolecules.Forthese reasons, the representation ofan atom inthe object bufferis dividedintoan atom descriptor,the appropriate attributevalues, and the molecule structure informationwhichbelongs to thisatom. Hence, ifan atom exists indifferentmolecules withdeviated atom relationshipsor ifithas differentroles, then itis represented inthe object bufferby multiple atom descriptors (comprisingthe reference information)and uniquelystored attributevalues. The atom descriptor is organized as a listofpointers to the moleculestructure informationand the associated attributevalues. The structure ofthe atom descriptor is defined by the above mentioned atom type structure information.For each relationship,recorded in the molecule type structure, the molecule structure informationis organized as a reference listto the atom descriptors ofallrelated atoms. Thisimplies,that the system-definedatom identifierinthe database is notsufficientto identifyan atom descriptoruniquely in the object buffer.Therefore, a structure identifier is introduced, which isr unique forevery atom descriptor, and fromwhichthe moleculestructure informationis derived. Fig.11 shows an example for the object buffer representation of an atom in two different roles. Access to the molecule data The operations on the objects in the bufferare summarized in Tab. 2 /20/. In order to select the appropriate molecule, the operations first_root_atomand next_root_atomcarry out a scan across the set of molecules and deliverthe structure identifierof the root atom. Once a molecule is selected, get_atom delivers a pointer to the atom descriptor of the root atom, identified by a given structure identifier. For accessing the atoms in a certain relationship,the structure identifierlistofthis relationshipmust be determined, and the identifiersmust be extracted fromthat list.The operation get_atom then deliversa pointerto the corresponding atom descriptor. The access to an attributevalue is similar.Once the corresponding index in the atom descriptor is determined fromthe atom type structure information,the at-

molecule type structure

mod1

curve

point mod2

curve net

point molecule structure

module

graphnode curve

graphnode

graphnode graphnode graphnode graphnode

module module module module

curve net net • • •

• • • Fig. 10: Example for the molecule type structure and molecule structure of a SELECT statement root atom

• • • graphnode

MAD query

SELECT ALL FROM mod1 (module) - (.module - graphnode - graphnode - mod2 (module) -(.module_net - net, .module_curve - curve - point), .module_curve - curve - point) RECURSIVE graphnode.is_parent_of - graphnode UNTIL REC_MAX = 100

graphnode point point

tributecan be reached via the corresponding pointerin the atom descriptor. Then, the attributecan be accessed in the same way as a program variable for further processing.

The above stated atom access shows the usage ofthe type descriptiondeliveredby a query definition. Everytimean attributeora structureidentifierlistare accessed, theirpositioninthe atom descriptormust be determined fromthe atom type structure. As a consequence, we choose another approach. Once a MADstatement is defined, every query compilationresults in the same type description.Therefore, we hardwiredthe atom descriptorindexforeach attributeorstructure identifierlistinourprograms (Fig.11).

Modification of molecules So far, we onlydiscussed operations to retrieve the objects and deposit them in the object buffer.The propagation of molecule modifications in the database can be achieved in two ways: • The MADmodificationoperations such as DELETE,UPDATE,and ofcourse forinsertingthe INSERT statement reflectthe changes directlyin the database. One variant of the INSERTcommand works similarlyto the SELECTstatement. Afterthe moleculetype is specifiedby an INSERTcommand, the applicationprogrammerhas to buildup the molecules using the operations listedinTab. 2. The operation give_new_struct_idprovides a unique, temporarystructure identifier,whichallowsa new atom tobe composed inthe applicationprogram.The propagate_atom operationplaces the atom inthe objectbufferand, as an option,the sign_root_atomoperationlabels an atom as rootatom. However,the programmer has to buildup a molecule on his own. For example, to store a module and all related

• • structure_id lists to curve, net, and

attribute values data structures of the atom descriptors: MODULE_ROLE1 =

record ref_to_curve : pointer; ref_to_graph_node_ptr : pointer; module_name_ptr : pointer; x_dimension_ptr : pointer; end;

MODULE_ROLE2 =

record ref_to_graph_node_ptr : pointer; ref_to_net_ptr : pointer; ref_to_curve_ptr : pointer; module_name_ptr : pointer; x_dimension_ptr : pointer; no_feedthrough_ptr : pointer; end;

• • • • structure_id lists to curve and graph_node atoms

(module_name, x_dimension, no_feedthroughs)

Fig. 11: Example for the object buffer representation of aone atom in two different roles

••

graph_node atoms atom descriptor •

for RETRIEVAL

first_root_atom next_root_atom get_atom for INSERT

give_new_structure_id propagate_atom sign_root_atom

Tab. 2 : List of object buffer operations nets, the programmerhas todeposit allnets inthe objectbufferand then, before deposing the module atom, the reference information of all related net atoms must be established in the module atom.

• The second possibilityis to make changes inthe objectbuffer,whichcontains the result ofa previous SELECTstatement. Thiscomprises ofthe general checkin/checkoutmechanism as described above. The insertionofnewatoms inthe bufferoccurs inthe same manner as described bythe INSERTcommand. Atcheckintime,allchanges (e.g. modificationofan attributevalue, insertionor deletionofvarious atoms, modification of relationships) are propagated simultaneously using the MODIFYstatement.

However,the arbitraryusage ofmodificationoperations on objects inthe bufferleads toserious semantic problems. Each moleculeis a materializedviewofthe database as mentioned above and the modificationoperations are performedon these views.Adetailed examinationofthese problemscan be foundin /21/. However, the current prototype system does not support this kind of object processing at all.

3.4 Analyses and Evaluation of the PRIMACHIP Processing Concept Afterhavingexplainedour initialapproach inhandlingmolecules, we wouldliketo outlinean evaluation. Therefore,we characterize the mainprocessing properties whichwe have introducedabove. Firstofall, we can state that there is a clear divisionbetween data preparation (evaluationofMADstatements) and data processing. The algorithmsof the ALretrieve mainlyall the molecules whichrepresent the whole processing subject. IndoingthisbyMADstatements, preparation activitiesare triggered,and allthe corresponding data are loaded intothe object buffer.The processing phase is then reached and the algorithmsmanipulatethe moleculesplaced inmainmemory.Thiscan be implementedveryefficiently,since localitycan be exploited,implyingthat the data access is normallyprovidedbya fewpointerreferences. Afterfinishingthe manipulations,the modifiedobjects are passed back intothe database. Incomparison witha similarchip planningtool(called DBCHIP),whichis based on a conventionaldatabase system, PRIMACHIPshows a significantreductionindatabase access frequency.The mainreason forthisis the above illustratedpreparingand processing model.Forexample, the algorithmto buildup the slicingtree requires twoDBMSstatements only,whereas the same task in the DBCHIPsystem yieldssome thousand database operations (forabout 12 submodules ofa CUD)/22/.Certainly,these operations are less complex than the corresponding MADstatements, but despite this, each simple operation produces a fixed processing overhead. The structure of data, constitutingthe input as wellas output argument of a MADstatement, is determined by the meta-data knownonlyinside the kernel system. To workwiththis data, the ALprograms must be supplied withthis knowledge.In our prototypesystem this is done by the programmers themselves. They freeze the concrete knowledge in programs’coding, definingcompatibledata structures, and including the operations for some MAD-specific data types (list type, set type,...). Havinginmindthese observations, we can state twomainissues ofcriticism,whichconstitutethe starting point for the improvements proposed in chapter 4: • Afterchecking out the data fromthe central database, there is onlyelementary support formolecule processing.

• Theconversionfrominternaland persistent data toexternaland temporarydata (fromthe DBMSpoint of view)is not supplied. That means, there is no support foradaptation of data structures and data types (language binding).

4. General Issues of Molecular Objects’ Linkage to the Application

Aftera detailed descriptionofthe implementationmodelofour VLSIapplicationsystem, we concentrate on the general issues forapplicationlinkage, generalizingforthis purpose some importantprocessing properties ofthe PRIMAkernel interface. We explainthen a refinedapproach ofinterfacingthe ALand the NDBS-kernel,focusinginparticularon concepts forALorganizationand efficientmoleculeprocessingas wellas suitable methods forlanguage embedding. Furthermore,we touch on some issues ofthe applicationmodel interface whichhave to be carried out by the AL.Finally,we consider a fewbasic aspects of modelling the AL as ADTs.

4.1 Generalization of Processing Properties For the purpose ofgeneralizingprocessing properties, itshould be advantageous to contrast the simplifiedprocessing scheme (used inPRIMACHIP)withthe alternativelyused concepts. The typicalprocessing scheme in PRIMACHIPcan be characterized as a scheme for external processing (Fig.12a). It is determined by three steps : • Retrieve the whole (or nearly the whole) subject of processing (checkout). • Manipulate this subject ’nearby’ the application. • Propagate all modifications into the database (checkin). Aprocessing scheme, whichobeys a differentphilosophyis shown in Fig.12b. Here, the workis done insidethe kernelsystem (scheme forinternalDBprocessing). Inother words,the differencesamong the underlyingideas are embodied in data supply for the algorithms(Fig. 12a) and, on the other hand, in transmittingthe algorithmsto the data (Fig.12b). Consideringthis dualism,itbecomes obviousthat the external processing scheme seems to be typical,not onlyforour prototypesystem, but also forallapplications whichare based on complexalgorithmsmanipulatingcomplexobjects. Thisis mainlycaused by the factthat these algorithmscannot be formulatedinthe data modellanguage (e.g. MADlanguage). For example, itis impossibleto describe the evaluationofa slicingtree by means ofa data modellanguage only.However,the scheme forinternalDBprocessing has more advantages inthe case ofsimplealgorithms manipulating simple objects (e.g. increment the salary of all employees by 5%). Inthe environmentofnon-standard applications,the centralpointofimprovementisobviouslythe checkout/checkinprocessing scheme. In particular,we have to eliminatethe weaknesses in handlingmolecules bythe ALprograms, whichare pointedoutinsection 3.4 (moleculeprocessing, language binding).

4.2 Molecule Processing Havinginmindthe above observations, we can state that moleculepreparation does not cause a problem, since this can be handled adequately by the MADquery language: a few MADstatements are grouped together to checkout the subject of processing, or alternativelyto checkin the modifieddata. However,itis obviouslydifficulto handle retrievedmolecules,since there is no efficientaddressing support to access moleculecomponents. Thisproblemdepends on the complexityofthe retrievedobjects. Therefore,conventionalDBMSapplicationsdo not have a similarproblembecause retrievedrecords or tuples have simple data structures. So, the main memory address of each attribute can be evaluated from the object’s base address by adding a fixed offset. Improvement of molecule processing facilities The improvementof molecule processing facilitiesforces extensions of the main memory data structures, whichrepresent molecules and atoms (in/outparameter ofMADstatements), by access and controlinformation.Thisinformationismainlyused tosupportnewaccess functions(e.g. address evaluation and navigationalaccess). In conventionalDBMS,data structures used in a similarway are called cursors. Cursors are knowninthe environmentofthe networkdata model /23/ and inthe programminginterfaces of several implementationsof the relationaldata model /24/, /25/. The concrete semantics of them, however,is differentinseveral data models. For example, inthe networkdata model,implicitcursors are used to support navigationalaccess and to define explicitlythe semantics ofdata model operations. Inthe context ofthe relationaldata model, cursors are onlyrequired foraccessing query results

object specification algorithm formulation processing activation

•

°° °° ° °° °•• • ° °°° ° ° ° ° ° °°° °° °° ° ° ° ° °°°° • • retrieval propagation processing

a)externalprocessingscheme b)internalprocessingscheme

Fig. 12 : Schemes for external/internal processing

Set of heterogenous elementary objects data model interface

by the application.This means, that applicationprograms can employthem to handle the set-oriented data modelobjects (relations)step by step, one set element after the other. Hence, the programmerwill run intosome problems ifhe requires more than one set element at a time. Allthese cursor semantics and the associated problems are worth more detailed considerations, whichhowever, lie beyond the scope of this discussion. Moleculeprocessing requires multiplecursor types in differentsemantics. Handlingmolecules in a setoriented manner, cursors are used to indicate a single molecule withinthe set. Such a cursor usage is similarto the cursor concept in the relationalenvironment.Havingdetermined one molecule, we must employthe cursor inanother way,since navigationthroughthe corresponding atom networkis required now. Therefore, we have developed the cursor concept witha special semantics, whichfulfillsthe requirements of set and networkprocessing. Additionally,our approach allows explicitcursor definition, that is, the programmercan dynamicallygenerate cursors as oftenas required. Inorder to define a cursor, he must specifyat least one atom type, determiningthe type ofatom instances whichhe desires to access viathe cursor. Specifyingexactlyone atom type,the programmerwillget a flatcursor, whichmay onlybe used toscan a set ofhomogeneous atoms. Whenthe programmerdetermines the rootatom type ofthe corresponding moleculetype, the cursor provides some kindofmoleculescan. Thus, this special case serves the same functionas do the operations first_root_atomand next_root_atom(compare chapter 3).Inaddition,the definitionofhierarchicalcursors isallowed,inordertosupportthe navigationalprocessing ofhierarchicalmoleculecomponents. The cursor hierarchyis determined by a listofatom type names, markingthe cursor paths. The concept ofhierarchicalcursors may be implementedby a hierarchyofdependent flatcursors. Navigationviaone cursor automaticallyaffectsthe cursors on subordinate levels.Thebindingbetween cursorand data tobe referenced, isprovidedbythe programmer.Hedefines the scope ofdata whichmay be referenced, associating the cursor witha set ofmolecules deliveredby MADstatement evaluation.Then, the cursor may be moved inthe atom networkby explicitcursor operations enabling access to each atom. For detailed explanationofthe implementationissues, the reader is referred to /21/. Administration of the object buffer The essential conditionforefficientmolecule processing consists in bufferingmolecules nearby to the algorithmsoperatingon them. Therefore,the considered prototypesystem was already based on an objectbufferat the kernelinterface.The issue wewouldliketoilluminatenow,ishowthiscentraldata structure should be organized inorder to satisfythe discussed requirements inan efficientway.Note,the object bufferis associated withthe workstationsite (cf.chapter 2). The data loaded intothe object buffer are usuallykeptthere fora longspan oftime.Itwillthereforebecome necessary tomovethe objects from the main memoryto the privateDBexistingon secondary storage (localforthis workstation).Thus, we organize the object bufferusing so-called main memory areas. The required relocation can be easily managed, ifalllogicalreferences among molecules or atoms, includedinthe objectbuffer,are substituted by some kindofarea relativeaddresses. The relocationcan then be achieved withoutneed ofrecalculation by simply moving whole areas. Fig.13 illustratesthe representation ofa moleculeset withinthe objectbuffer.Based on the moleculeset descriptor, the overall structure can be divided into three parts: • The cursor table contains allcursors, whichare linkedwithmolecules withinthe considered molecule set, and is mainly used for cursor administration.

• The area table and the set of areas obtain structures to support the controlof memorywhichis allocated foratoms. The area concept supplies not onlyrelocatability,but also prevents the scattering of main memory by numerous small atoms.

Furthermore, the atom type table and atom table allowus to calculate atom addresses by using logical atom identifiers.The atom type table separates the atoms bytheircorrespondingatom type and enables efficienttype-orientedaccess. Each entry bears an internaltype key and the address ofthe atom table. Thistable is organized as a dynamichash table, since the number ofstored atoms can shrinkor expand significantly.The atom table entries contain furtheradministrativeinformation.The modificationflagindicates the type ofmodification(insert,delete, update) and is later used forpropagatingback to the central database. Additionally,there are also the fieldsarea index and area offset. The area index determines an entry ofthe area table, whichfinallyleads to the area containingthe required atom. The area base address incremented bythe area offsetdeliversthe atom’smainmemoryaddress.To maintainand use allthese data structures, we need efficientalgorithmsforaddress calculationand memorymanagement. Moreover,a furthercomponentbecomes necessary todeposit/reloadmoleculeobjects to/fromthe private DB.Fig. 14 shows allthe components whichare necessary to support adequate molecule pro-

cursor information

• • •

• •

• • • int. name

• • • mod. flag area index area offset • • • •

base adr atom data area offset area index

• • • cursor table

area table area atom type table atom table molecule set descriptor

Fig. 13 : Representation of a molecule set within the object buffer.

status,type,etc.

cessing. These modules cooperate witha preparation component, whichhandles the checkin/checkout operations and offers the functions of the MAD language.

4.3 Language Embedding Anotherproblemderivedfromourprototypeobservations concerns data structureadaptation. Duringthe implementationof the VLSIapplicationsystem, the ALprogrammers have to define a great number of internaldata structures, whichmust be compatiblewiththe one deliveredor expected bythe NDBS-ker-nel. Additionally,there is no adaptation ofMAD-specificdata types (listtype, set type, hull,time,...).The programmers have to knowinternalrepresentation issues and must carryout the associated operations manually.These unpleasant propertiesare typicallyrelated tothe concept ofa callinterface,the simplest concept forlanguage binding.Inthe contextofconventionalDBMS,fourdifferentapproaches forbinding database and programming languages are well known: • call interface (e.g. sketched above), • simple host language extension (e.g. CODASYL COBOL-DML), • embedding database languages in general purpose languages (precompiler, e.g. embedded SQL), • integrated languages (new data types, e.g. PASCAL/R). /26/ contains a detailed consideration of these bindingconcepts. Here, we wouldonlyliketo state the results: the most advantages lie in the fourthapproach, because the internal (withrespect to the program) and temporary data are compatible withthe external and persistent data (since they have the same logicalstructure). However,itis not the best procedure froman implementationpointofview,i.e. a new language must be designed, a compiler must be written, etc. A precompiler approach Therefore, our own proposal foran applicationprogramminginterface (API)is based on a mixturebetween the thirdand the fourthapproach. Wehave designed a precompilertohandle the inclusionofMAD cursor administration

address calculation memory mangement

object buffer private database interface (load/ unload) preparation & propagation

component

Fig. 14 : Interface architecture supporting adequate molecule processing

NDBS kernel

AL programs statements, to enrich the underlyinghost language inorder to handle MAD-specificdata types, and additionallytointegrate special language constructs forsupportingthe moleculeprocessing concepts mentioned in the previous section (cursor, object buffer). The use ofprecompilerstatements is sketched inFig.15. Itdepicts the scheme ofan ALprogram(ADT) ina PASCAL-likeprogramminglanguage. We distinguishbetween the definitionofquery types and cursor types, as wellas the declarationofcorrespondinginstances. TheALprogrammerscan thereforegenerate multipleinstances of the same type. These are handled likehost language variables. The query type declarationis the place forMADstatement specification.Therefore,allfunctionsofmoleculepreparation are includedinthe program by query types. The query variablecorresponds to the object buffer introducedabove. Note that the instance ofa query represents the data whichis the parameter ofMAD statement’sactivation.The linkagebetween variableand data is done viathe built-infunctioneval. Eval directs actual parameters to the kernel interface and triggers the evaluation and preparation activities. Similarto the definitionof query instances, the programmers can generate cursor variables supporting the processing ofobjectbuffers(queryvariables).The bindingofcursor variableand objectbufferis providedby the attach function.The bounded cursor can be moved in molecules around atoms, whichare currentlyinthe object buffer,and is also used to specifythe required molecule-orientedaccess (cf.Fig. 15). Steps of compilation The transformationof ALprograms into executable object code is dividedinto two phases. In the first phase, the precompilerreplaces the definitionsofqueries and cursors by the declarationofcorrespondinghost language data structures. Inparticular,data structures are generated forallatom types. The requiredmeta-data can be extracted fromthe internalschema information(knowninthe NDBS-kernel)by pretranslatingallthe MADstatements whichoccur inthe program. Query evaluationand cursor binding statements are converted intohost language operations (subroutinecalls).These subroutinereferences are later satisfied by a run time system (RTS) of the NDBS-kernelinterface, whichsupports molecule processing and preparation(compare Fig.14, e.g. cursormaintenance component).Moreover,the MADspecificdata types are taken intoaccount. Therefore, the precompilerincludes an extension ofthe normal host language run timesystem. Inthe second phase oftransformation,the standard host language compiler runs finally generating the object code. Detailedconsiderations ofsyntacticalissues and furtherinformationabout the precompilerare givenin /21/, where the reader can additionallyfindthe implementationmodel forthe RTS of the NDBS-kernel interface.

4.4 ADT Modelling Atthe beginningofthischapter, we introducedthe ALas the linkagebetween NDBS-kerneland application.So far, the interface between ALand kernel system as wellas the ALorganizationwere explained above. Now, we sketch our ideas about interfacing the application with AL. Allthe concepts justexplainedshould support the ALto offerapplicationobjects at the levelofthe application model. The applicationobjects can be described by theirspecificdata structure and theirassociated operations. One method whichallowsan integrationofdata structure and operationspecificationis providedby the well-knownADTconcept. The sum of the existent ADTsforms the applicationmodel. That means, itembodies the user’smental image ofthe behaviorofrelevant applicationentities(behavioral object orientation /26/, /28/. Mapping of ADTs The applicationoftendistinguishesentitytypes fromentityinstances. Thus, we correspondinglymap entitytypes to ADTs,and inturn,entityinstances to instances ofADTs.Notonlyapplication-specificoper-ations are required (definedby ADTtypes), but also a fewother ones whichare more general. Simple examples are given by the create, destroy, and assign operations. Furthermore, storing and loadingof ADTinstances must be supplied,and descriptivemethods forselection are desirable. We propose a direct mappingofthe ADTinstances tothe moleculesdeliveredbythe MADmodel.Thishas the advantage

Fig. 15: An AL program scheme

PROGRAM example;

definition of ’normal’ types and variables QUERY TYPE mcp_query_type = ’Select module, curve, point From module-curve-point Where module.x_dim < $max’ (max : integer); ••• CURSOR TYPE mcp_cursor_type = module, curve, point > mcp_query_ type ••• mcp_cursor : mcp_cursor_type; mcp_buffer : mcp_query_type; ••• BEGIN ••• EVAL ( mcp_buffer, ... max_value ...); ••• ATTACH (mcp_cursor, mcp_buffer); ••• DISPLAY (mcp_cursor @ module @name); ••• END.

that we can use the fullMADfunctionalismto maintainADTinstances. For example, we can select ADT instances by an SELECT..FROM..WHERE..-Statementgivingan instance identifieras the qulification criteria. Fig. 16 illustrates the mapping principles.AnADTis defined as a program module whichoffers some operations and characteristic attributes. Internally,there exist furtherattributes forstate description,as wellas some query and cursor definitions.The type ofmolecules (i.e. moleculeinstances) whichrepresent the ADTinstances is determined by a special atom type, the ADTdescriptor. This atom type contains allthe characteristicattributesas wellas the references to allmoleculetypes, whichare definedby MAD statements inside the ADT definition. Further considerations are required, ifwe want to represent the ADTthemselves (i.e. ADTtypes, not ADTinstances) by the molecules. The relevant issues concern mainlythe handlingof ADToperations. Ofcourse, these operations can be represented as attributes of type ’code’,but the associated values must be loaded, linked together, and executed dynamically which is not supported by the MAD model. Takingintoaccount the characteristicpropertiesofprocessing, wehave todeal withsome other aspects. The ADTsthemselves may be used by furtherapplicationprograms at the applicationmodel interface. In the most simple case, the applicationprograms carry out the user’ssystem image. For this reason, the applicationmodeloffersadditionallysome application-independentoperations to organize users’activities.Forinstance, an engineeringuser can determine the beginning,the end, the suspension, and the resumptionofa design process. Furthermore,he can activate an ADT,makingthe corresponding operations available,and he can save or restore the state ofADTinstances. Allthese activitiesmust be carried out by a furtherrefined processing model forADTsand, in particular,by suitable transaction concepts at the kernelinterface.These related issues are outlinedin/13/and must be refinedbyfuturework.

5. Conclusions

Inthis paper, we have presented our ideas forsupportingengineering applicationsby the NDBSkernel PRIMAand have stated experiences whichwe gained withthe prototype system PRIMACHIP.Firstly, we have pointedout the modellingand processing problemsinhandlingcomplexdatabase objects inan engineering environment.Due to the special requirements of engineering applications,we proposed a

ADTchip planning • • definition of chacteristic attributes definition of query and cursor (type & variables • • OPERATION : bipartitioning ( ... ) definition of query and cursor (type & variables) ••• use of cursor, processing the data within the object buffer END OPERATION : ••• ••• .

characteristic attributes

references

• • •

ADT description

molecule types for the representation of ADT instances

Fig. 16: ADT molecule mapping molecule

type a molecule type z

confederate hardware architecture, whichbased on a loose workstation/hostcoupling.This hardware architecture supports the divisionof the non- standard database system in an applicationindependent kerneland an applicationlayerina naturalway.Accordingto the suggested processing model,a central host processor worksas a database server and an autonomous workstationdownloadthe requireddata fromthe database server ina localobjectbuffer(checkout),where the complexobjects are manipulated independently. During a commit phase, all changes are propagated to the central database server (checkin). The PRIMACHIPsystem, whichcomprises some of the chip planningphases of the VLSIdesign process, was implementedto obtainexperience inthe usage ofthe NDBSkernelarchitecture.The processing model of PRIMACHIPinvolvesan object bufferand realizes a checkin/checkoutmechanism. From this prototype system, we observed some demands for efficient object processing: • a generalized hierarchical cursor concept for navigating in complex object structures, and • an adequate concept for object buffering. Based on these experiences, we outlinedour generalized applicationprogramminginterface, a mixture of language embedding and integration,whichembodies language constructs for effectiveobject processing ina conventionalprogramminglanguage. Aprecompilerisemployedtotransformthe application programs into equivalent host language code. Our API allows for: • access to program variables and buffered data in a homogeneous manner • a 'natural' handling of queries and cursors in the application programs. Future workwillbe concerned withthe development ofa applicationlayerforCAD/CAMapplicationsin order to valid the utilization of the database kernel architecture in engineering applications.

Acknowledgements

We wouldliketo thank T. Härderforhis helpfulcomments and our colleagues N. Mattos,B. Mitschang and A.Sikelerfortheircarefulreading ofan earlierversionofthispaper. Theyhave contributedto clarify and improvethe preparation ofimportantissues. The help ofI.Littlerpolishingour englishstyleis greatfuly acknowledged.

References

/1/ Mitschang,B.:The Molecule-AtomData Modelin:The PRIMAProject,Designand Implementation of a Non-Standard Database System, T. Härder(ed.), Report Nr.26/88, SFB 124, UniversityKaiserslautern, März 1988.

/2/ Lorie,R., Kim,W.,et. al.: SupportingComplexObjects ina RelationalSystem forEngineeringDatabases, IBM Research Laboratory, San Jose, CA, 1984.

/3/ Schek, H.-J., Scholl,M.H.: The RelationalModelwithRelation-ValuedAttributes,in: Information Systems, Vol. 2, No. 2, 1986, pp. 137-147.

/4/ Pistor, P., Anderson,F.: Designinga Generalized NF2Data Modelwitha SQL-TypeLanguage Interface, Proc. 12th VLDB Conf., Kyoto, 1986.

/5/ HMMS87 Härder, T., ... /6/ Härder,T.:Overviewofthe PRIMAProject, in:The PRIMAProject, Design and Implementationof a Non-Standard Database System, T.Härder(ed.), Research Report No.26/88, SFB 124, University Kaiserslautern, 1988 /7/ Liskov,B., Zilles,S.: ProgrammingwithAbstract Data Types, in: Proc. ACMSIGPLAN,Conf. on Very High Programming Language, SIGPLAN Notices, Vol. 9, No. 4, April 1974, pp. 50-59.

/8/ Stonebraker, M.:Quel as a Data Type, Proc. 1984 ACMSIGMODConference on Management of Data, Boston, 1984.

/9/ Dadam, P., et. al.: ManagingComplexObjects in R2D2; in:HECTOR- Heterogeneous Computer Together (Krueger, G., Mueller, G. ed.), Berlin, Heidelberg, 1988.

/10/ Deppisch,U.,Günauer, J., Küspert,K.,Obermeit,V.,Walch,G.:Überlegungen zurDatenbank-Ko-operation zwischen Server und Workstations,in:Proc. of the 16th GI-annualConf.,Berlin,1986, IFB 126/127, Springer Verlag, 1986.

/11/ Deppich,U., Obermeit, V.:TightDatabase Cooperation in a Server-WorkstationEnvironment,in: Proc. 7 th Int. Conf. on Distributed Computing Systems, Berlin, 1987.

/12/ Härder,T.,Rahm,E.:Mehrrechner-Datenbankssysteme fürTransaktionssysteme hoher Leistungsfähigkeit, in: Informationstechnik it, No. 4, 1986, pp. 214-225.

/13/ Härder,T., Hübel,Ch., Meyer-Wegener,K.,Mitschang,B.:CouplingEngineeringWorkstationsto a Database Server, in:Proc. Conf.on Data and KnowledgeSystems forManufacturingand Engineering, Hartford, Connecticut, 1987, pp. 36-44.

/14/ Küspert,K.,Dadam, P., Günauer, J.: Cooperative ObjectBufferManagement inthe AdvancedInformation Management Prototype, in: Proc. VLDB ’87, Brighton U.K., Sept. ’87, pp 483-492.

/15/ Zimmermann,G.: A new Area and Shape Function Estimation Technique for VLSILayouts; in: Proc. of the 25th Design Automation Conference, pp. 60-65, 1988.

/16/ Schürmann, B.:Hierarchisches Top DownChipPlanning;in:InformatikSpektrum, Bd. 11, Heft2, S.57-70, Heidelberg, 1988.

/17/ Klein,A.,Schreiner, F., Zimmermann,G.:EinSizing-Modellfürden VLSI-Entwurf,SFB124, Report No 25/87, University Kaiserslautern, 1987.

/18/ Krück,D.:Realisierungeines NDBS-basiertenWerkzeuges fürden VLSI-Chip-Entwurf,University Kaiserslautern, 1988 (in preparation).

/19/ Lorie,R., Plouffe,W.:ComplexObjects and Theiruse inDesignTransactions, in:Proc. ofthe Data Base Week: Engineering Design Applications, pp. 115-121, 1983.

/20/ Müller,Th.,Schöning,H.:Entwurfund Implementierungdes Datensystems vonPRIMA,University Kaiserslautern, 1987.

/21/ Hübel,Ch., Sutter, B.: VerarbeitungKomplexerDB-ObjekteinIngenieuranwendungen, University Kaisersslautern, 1988 (in preparation).

/22/ Härder,T., Hübel,Ch., Pahle, H., Zimmermann,G.: Ansätze ZurDB-Unterstützungfürden VLSI- Entwurf, Research Report, No. 31/88, SFB 124, University Kaiserslautern, 1988.

/23/ CODASYLData DescriptionLanguage ComitteeReport, InformationSystems, Vol.3, No.4, 1978, pp. 247-320.

/24/ Astrahan, M.M.,et. al.:System R:ARelationalDatabase Management System, IEEE,Vol.12, No. 5, 1979, pp. 42-48.

/25/ Date, C.J.: A Guide to Ingres, Addison-Wesley Publishing Compony, 1987. /26/ Dittrich,K.R.,Dayal,U. (eds.): Proc. Int.Workshopon Object-OrientedDatabase System, Pacific Grove, 1986.

/27/ Lacroix,M.,Pirotte, A.:Comparison of Database Interfaces for ApplicationProgramming,in: Inf. Systems, Vol. 8, No. 3, 1983, pp. 217-229.

/28/ Hübel, Ch., Mitschang, B.: Object Orientation Withinthe PRIMA-NDBS,appears in: Proc. 2nd Workshop on Object-Oriented Database Systems, Sept. 1988, Bad Münster am Stein.

27