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Preface 

When in 1985 Cadlab. the joint R&D institute of Paderhom Univers ity and Siemens 
Nixdorf In formationssyslcrnc AG was founded th is was driven by the intenllO bridge the 
lradilioll<.ll gap between acadcmia and industry by deeply integrating university research 
and industrial development. While university research is mainly driven by the desire to 
increase knowledge. industry has 10 be pushed by the market. It was Ihe basic idea of the 
founders of Cadlab 10 combine these two cultures as closely as possible in order 10 ma x.­
imize cross-fertilization and 10 stimulate innovation. Thus, in Ihi s unique joint R&D 
institute "Cadlab" eng ineers and scienti sts. a lthough hi red from both s ides, work 
together day by day under onc roof. jointly search for innovat ive solut ions in mi xed 
project groups and share problems and vis ions. During nine years o f coll aborative work 
Cadlab has proven that its founders' ideas nOljust remained a dream but became reality. 

Cadlab's objective is to advance the field of engi nee ring of computer based systems and 
to provide its partners with soph ist icated solu ti ons for solving complex engineering 
problems. During the report period numcrous public'lIions. including seven dissertations. 
have demonstrated the scientific success of Cad lab. whil e its achievements in precom­
peliLive product dcvelopment have been demonstrated by a couple of deve lopment 
cycles that reached a state mature enough to be ready for industria l explo itation. The 
EMC-Workbench may serve as one of the most impress ive examples. This solution for a 
demanding and fast growing market has been trans ferred to a newly created spin-off 
company. call ed INCASES Engineerin g GmbH. Due to Cad lab's unique organ isation 
and a consequent path from applied research to user oriented development. INCASES 
can offer today one of the most advanced solutions worldwide in thi s area. 

From the beginning Cadlab's work has been inspired by the vis ion of providing smoothl y 
integrated envi ronments to the user in order to opt imise the overall eng ineering process 
instead of isolated tools. Consequently, in the past research and development o n tools 
always included the aspect o f building integrated tool sets or "workbenches". Driven by 
requirements of its industrial partner Cadlab invested a large amount of its manpower in 
the design and implementation of the lESSI Common Framework wh ich emerged into 
SNI's SIFRAME product. Arter techno logy transfer to its industrial partner in 1992 and 
appearance of framework technology on the market. Cadlab shifted its focus to addi­
tional advanced techniques of framework technology and on demanding application 
areas. As examples the following areas may serve: development of an open database 
middleware lOolkit, the support of know ledge based engi neeri ng techniques. the realiza­
tion of an operating system independent advanced ed iting toolkit. modelling of heteroge­
neous systems. the above mentioned EMC-Workbench and information exchange via 
standardised formats (STEPIEXPRESS). 

At the cnd of the report period, abou t 70 scient ists and engineers. and more than 100 stu ­
den t assistants and students preparing thei r master's thesis were employed in Cadlab. 
They are organi sed in two main groups, dea ling wi th " Information Technology" and 
"Analog System Engineering". In add ition there is a "Tech ni cal Management Group and 
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Comput ing CCnlcr" , 10 employees moved to INCASES during the last quarter of the 
report period. 

Cad lab 's resu lt s durin g the report period wi ll be discussed in more deta il in the fo llowing 
sect ions of this rcport Therefore onl y some highlights shall be summarised here. 

In future the coexistence and federation of establi shed databases will be of great impor­
tance. This is due 10 the fact that the huge amount o f data which is stored in existi ng 
databascs forms an enormous investment, which 011 the one hand needs 10 be preserved. 
whi le on the other hand much morc coordinated. efficient access faci lities are urgently 
needed. Furthermore. database indepence and migration are strong requests needing an 
answer. Cadlab developed a technology to solyc this set of problems by prov iding a 
modular toolk it call ed "Open Database Midd lcware Open OM". This npproach was 
developed towards the pilot stage during the report period. 

Knowledge based techniques also mnde considerable progress in the last years. By 
means of its IFS project Cldlab will offer an environment that supports the integration of 
know ledge based teChniques into eng ineering systems. The arch itec ture follows the pro­
posals of the IEEE working group P1252. 

As advanced user interfaces become more and more the key point o f any computerised 
applicnlions, Cadlab invested into the design and development o f an advanced, platform 
independent graphica l editing system. During the report period a major part of this sys­
tem, the Editor Operating System EOS, was driven th rough two version cycles and suc­
cessfully used to bu ild first applications. 

As complex computer based systems tend to be heterogeneous, a unified modelling 
approach seems to be necessary for creating a joint basis. On the other hand the 
unwieldiness o f a large uniform model as well as the desire o f the users to keep their pre­
ferred data views must be respected. Therefore Cadlab developed an approach that 
allows the various users to stay in the modelling envi ronment they are familiar wi th , 
while internally a unifi ed modelling paradigm is provided, whereupon all external model 
parts needing unification cnn be mapped. 

The communication of data is increasing ly based on STEP protocols. To support this 
trend a STEPIEXPRESS workbench has been des igned at Cadlab. This software, too, 
has reached product quality and has been licensed worldwide 10 interesled organisations. 

Last. but not the least, Cud lab's most complex software system transferred to the market 
in thi s report period is the EMC Workbench. It is one o f the leading des ign envi ronments 
worldwide 10 support the design of printed circuit boards under EMC constra ints. The 
successful use of th is software within various departments of SN I and Siemens demon­
strated its quality and fundamental importance. At the same time research towards a 
workbench support ing system design under EMC constrain ts has been con tinued. This 
research area covered e.g. parallel high performance simulation, an EMC advisory sys­
tem. and a macro modelling environment. 
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Cadlab's standardi s.llion efforts have been concelllrated on active part icipation in vari­
ous international bodies. Areas of Cadlab's st<lndardi sation contributions included 
VHDL, STEP and EXPRESS, Data Modell ing, Simulat ion Backplanes, Object Oriented 
Databases, Engineering of Computer-Based Systems. 

Cadlab's internati onal sc ientifi c reputation is renected by the large number of publica­
tions. Cadlab employees have presented papers on most major in ternationa l conferences 
on topics related to Cadlab 's focus of research. In addi tion, Cadlab members have been 
active in organi sati onal bodies of such conferences. 

1994 was a year that demonstrated the intent and abi li ty of Cad lab 10 ant ic ipate upcom­
ming demands and interests of C<ld lab 's constitut ing p<lrtners as well as trends and devel ­
opments of the international research and user community. By concentration on leading 
edge pre-competiti ve areas the workforce could be focused on future-o riented goals. On 
the other hand, Cadlab has kept its proven main principles: ti gh t integration of academic 
research and industrial development and foc lls on applicat ion oriented rese.lfch and 
development topics. 

The following annual report g ives an overv iew of Cad lab's activi ties and achievements 
in 1994. Part I of the report det<li ls Cad lab 's objecti ves. de:o>cribes Cadlab 's organi sational 
structure and gives a general overview of the prog ress made. Part 11 contains technical 
detail s from the project groups. ParI III provides supplemenlary info rmation on publica­
tions, funded projects. and coopcrations. 

FJ . Rammig and B. Ste inmtiller 
C<ldlab Executive Board 
Paderborn, May 1995 
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I Overview 

1 Goals and Objectives 

1.1 Principal Goals 

Cadlab. the joinl research and development institute of Padcrborn Un ivers ity and S ie­
mens Nixdorf Informationssystcme AG. SNI. has been founded in 1985 with the backing 
of the federal slale of North-Rhine-Westphalia. 

The vis ion behind thi s unique endeavour has ever since been to deeply integrate univer­
sity research and industrial development within a joint centre of excellence forthe syner­
gClic benefit of lhe partners as well as Ihe public. 

The mission is to provide innovative computer-based solutions for challenging industrial 
prob lems and 10 su pport hi-directional technology and know-how transfer fro m academy 
to industry. 

Cadlab's mission materializes in the following tangible R&D results: 

• 

• 
• 

• 

reports. 

publications and PhD theses, 

software prototypes, 

software components w ith industrial quality standard . 

Moreover. it is Cadlab's objective to supply high-quality R&D serv ices in the fOllowing 
areas 

• consultancy, 

• education and training, 

• coord ination and support of complex R&D projects. 

1.2 Objectives of the Report Period 

The objectives of this report period were determined by the new strategic R&D direc­
lions and work programmes defined in the recent report periods as well as the aClUal 
requirements and needs by Cadlab 's partners and CUSlomers. In particular. key objeclives 
were 

• to consolidate the work organ ization in the area of information engineering 

• to provide software pre-producls and pilot software in the areas of data base federa­
tion. advanced ediling systems. and product modelling 



• found a spin-off company for the commercia lization of the key results achieved in the 
area of analog systcm engineering 

• initiate a new work organizat ion and new work topics in ASE 

In view of the upconuning terminat ion of severa l projects execu ted within the third 
framework programme of the European Union. the preparation for the forth European 
framework programme as well as for new national programmes was a major task 10 be 
taken up. 

2 Organization 

2.1 Overview 

Cad lab is a joint venture of Paderbom University and Siemens Nixdorf In formutionssys­
teme AG (SNI). Each parlner provides sc ient ifi c staff and corresponding financial 
resources to about equal parts. The cooperat ion is regulated by a con tract closed between 
the two partners in agreement with the state of North-Rhine-Westphalia in 1985. It is 
open for new interes tcd partners. 

According 10 the guiding vis ion of deeply integrat ing uni versi ty research and industrial 
dcvelopment. a joint organization has been establi shed. which enables C::ldlab to act as 
one uniform organilational entity in a simi lar manner as an independent en terprise (see 
Figure I ). In formal external relations (e.g .. in con tracts with third panics). however. 
Cadlab does not act as a Icgal ent ity. but is formally represented by its two partners. 
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_ Siemens Nixdort 
lnformationssysteme AG 
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elects advises 
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University 

installs i Executive Board i 1--..... installs 

Project Leaders 
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Professionals 
, 0 Master Students 

120 Student Workers 
-a'"""bo-u-"-=2"OO=-

Figure I Cad lab, Principal Organisational Structure 

Cadlab is headed by an executive board of two directors. onc from the university and onc 
from SN I. The executive board of directors is ass isted and controlled by an advisory 
board. in which Ihe interests of the partners arc balanced. 
Alltcchnical work is c,arried oul in mixed project groups irrespective of the employment 
contract (industry or university) of the individuals. These mixed project groups are 
headed by project group leaders. Depending on the specific needs. these principal entities 
can be combined into larger "super project groups" or further sub-structu red into smaller 
working groups. In particular. the project groups in the domains of " Informal ion Tech­
nology" and "Electri ca l Engineering" have been combined into the corresponding super 
project groups "Information Technology. IT" and "Analog System Engineering, ASE" 
respectively. 

2.2 Board Members 

During the report period the following members were assigned to the Cadlab Executive 
and Advisory Board respectively. 

Executive Board of Directors: 

• Prof. Or. F. J. Rammig, Universitat-GH Paderborn 

• Or. B. SteinmUller, Siemens Nixdorf Informationssysteme AG 

Chairman of the Advisory Board: 
• Prof. Dr. W. Haucnschi ld. Universitat-GH Padcrborn 
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Members of Advisory Board : 

• Mr. G. Held, Siemens Nixdorf Informationssystetne AG (until December 94) 

• Prof. Or. U. Kastens, Universitlit-GH Paderborn 

• Dr. W. Kern , S iemens Nixdorf Informationssysteme AG 

• Prof. Or. G. Mrozynski. Uni versitiil-G H Paderborn 

• Mr. U. Rethfeld. Siemens Nixdorf Informalionssysteme AG (si nce Oecember94) 

• Dr. A. Sauer, Siemens Nixdorflnformationssysleme AG (vice chair Advisory Board) 

• Prof. Or. G. Szwillus. Uni versittit -GH Paderborn 

Associated Members of Adv isory Board: 

• 

• 
• 

• 

• 
• 

• 

• 

• 
• 

• 

• 

• 

• 
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Prof. Or. F. Belli , Universitii t-GH Paderborn 

Mrs. M. Brielrnann, Cad lab (s ince January 94) 

Prof. Or. J. Gausemeier, Uni versit ti l-GH Paderbom (since December 94) 

Prof. Dr. G. Hartmann, Universit ti l-GH Paderborn 

Prof. Dr. W. Haucnsch ild . Universitat-GH Paderborn (chair of Adv isory Board) 

Mr. H. Heck!. S iemens Nixdorf Infonnationssysteme AG 

Mr. T. Kath6fer. Siemens Nixdorf In fo rmationssysteme AG (u ntil December 94) 

Prof. Or. H. Kl eine BUning, Uni versitat-GH Paderborn 

Prof. Or. T. Lengauer, GMD 

Prof. Or. B. Monicn, Un ivers itat-GH Paderborn 

Prof. Dr. F. J. Ram mig, Un iversitat-G H Paderborn 

Or. B. Steinmlille r, S iemens Nixdorf lnfonnationssysleme AG 

Mr. H. Vogl, S iemens Nixdorf Informationssysteme AG 

Mr. J. Wening, Cadlab (until January 94) 

Summary of Progress 
Work in the report period was driven by the mission and goa ls summarized in chapter I 
above. 

A key deci s ion taken at the beginning of the report period was to form a new super 
project group ca lled " Information Technology IT" (see Chapter 4) by merging two 
former closely related Cadlab main groups, and to subsequently form new subgroups in 
the areas o f ';Oata Integrati on and -Modelling DIM". " Human-Computer Interaction 
HCr 'and "Process- and System Modelling PSM". This way closely linked know-how 
areas could be united and strengthcned , while at the same time the coarser organi zational 
bundling created more degrees of flex ibi lity for addressi ng new chalJenges on the project 
level. 
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Key resuhs that were provided by IT included advanced software prototypes and first 
product components in line wi th the given work programme. Moreover, a large number 
of research resuhs - including five dissertations - have been published. 

In the area of HData Integration and -Modelling DIM" (see Chapters 4.2) considemble 
progress was made in the construction of an advanced software environment for product 
data modelling based on the international ISO-standards "STEP" and "EXPRESS". Here 
the front-end of the Cadlah STEPIEXPRESS-Workbcnch was successfull y completed 
and made available to beta-users on an international scale. In the future this workbench 
wi ll be able to easi ly connect to a wide range of heterogeneoul" distributed databases as 
found in any large company. The mechanisms for this connection are currently devel­
oped under the name "Open Database Middleware (OpenDM)". Open OM addresses the 
requ irements of database federat ion, integration, migration and data independence and 
thus provides answers to urgent database management problems in industry and com­
merce. In the report period a first version of OpenDM wns successfu ll y tested in .. pilot 
project in the SNI fac tories for midrange systems. 

In the area of "Process and System Modelling PSM" (see chapter 4.3) the project on 
'; Intel ligent Framcwork Services IFS" was continued. IFS provides integrated object ori ­
ented software services for the proces!.ing of hybrid knowledge and the efficient con­
struction of knowledge-bnsed integrated applications. 1\ ex tends the international IEEE! 
IMKA standard on frames with desc ription means for rul es and uncertainty parameters 
and provides a ready-to-use IFS-tool kit to the appli cation programmer. In the report 
period the design work has been completed and first prototype applicat ions have been 
developed. Thereby particular attention has been given to new applicat ion dom'lins. such 
as traffic modelling and optimizat ion, where interesting industrial projects have been 
conceived. Besides IFS. work on ex tended predicate transition nets (Prrr-Net) was con­
tinued. Prrr-Nct concepts have been genera li zed and their application to support tool 
management was shown. 

In the area of "Human Computer Interfaces HCI" (sec Chapters 4.4), the project on 
"AJV<lllccd Editing Services AES" was carried on. A key achievement of thi s project 
was the provision of a comprehensive C++ library "Editor Operating System EOS" pro­
viding 350 classes and 4000 methods fo r the efficien t construction of advanced platform 
independent edit ing systems. The EOS-libraries arc already in use internally as we ll as 
ex ternally. As an example, the graphical frontend EXPREME 1.0 of the STEPI 
EXPRESS Workbench (sce above) and the EMC-Editor SCALOR 1.0 (see be low) were 
built with EOS. 

New challenges for IT and Cadlab are given by the upcomllling "information society", 
which wi ll also revolutionile the way complex information contents is exchanged by 
using the emerging super information highways. In the report period. Cadlab took part in 
the ana.lysi~ and conception of new globa l electronic market places for complex informa­
tion exchange. Cadlab helped to shape the new "GEN"-init iati ve on "Global Engineeri ng 
Networks", whose mission is to initiate and coord inate new projects for the promotion of 
GEN- technology and GEN-marketplaces". 
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The activities in the domain of "Analog System Engineering ASE" (see chapter 5) are 
focused on the development of tools and methods for the design of electron ic circui ts and 
systems under EMC~constraints. EMC stands for "Electromagneti c Compatibility" and 
addresscs a problcm arC;:I. which has become evcr morc critical with the adventure of 
high speed electronic systcms. Effecti ve so lutions in this area necessitatc thc anticipation 
of EMC-effccts early in the design process by means of sophisticated computer aided 
design and analysis techniques ("concurrent engineering"). Moreover. there is a strong 
need for EMC~consultancy throughout the field. 

The central result achieved within ASE in the report period was the successful finaliza~ 
tion of the EMC~Workbcnch V 1.2 and its transfer into a newly founded spin~off com~ 
pany. Moreover, three dissertations and numerous publication~ shaped the scien tifi c 
reputation of the group. 

While much energy had been invested during the last report periods to industrialize the 
results and to investigate effective palhes for the commercialization of this advanced 
technology. in this report period the decisive break~through was ach ieved. After inten~ 
sive negotiations with investors, the company INCASES Engineering GmbH was 
founded in Paderbom in November 1995. Key development and consultancy staff was 
transferred to INCASES together with EMC~technology. in particular thc EMC­
Worbench 1.2. At the same lime work on forthcoming versions. which will pay particular 
attention to systems <lspects, continucd. A close cooperation has been set~up with 
INCASES in order to safeguard the smooth technology transfer of new solut ions. 

Consultancy of SN I and Siemens factories also played a significan t role during the report 
period. For example. the mOSI critical PHrts of new SNI UNIX computers (RM Family) 
were successfully prepared and analysed for electromagnetic compatibility and signal 
in tegri ty. The consultancy services have also been successfully transferred to INCASES 
at the end of the report period. 

Besides the technology transfer task. the re-orientation or the ASE-grollp towards future 
topics was continued. Hcre. the developmcnt and application of EMC-technology to full 
systems on the Illicro~ as well as the macro~level is of primary interest. In the report 
period most of the work rocllsed on the micro-level. Moreover. a new organizational set­
lip has been prepared. 

Efficient support for the ongoing R&D work was provided by the Cadlab "Technical 
Management Group" and the "Computi ng Centre. CC' (cf. chapter 6). CACE-consu l ~ 

tance provided to the SN I System Un it Midrange during this and the last rcport periods 
not only supported the application-oriented approach of our technical main groups. but 
also laid the basis for new joint consul tancy projects, which wi ll become effective in the 
next report period (project data management. applicati on of data base middlcwHre know 
how. a. 0.). Moreover, internal quality assurance and computing support was provided. 

During the report period most of the technical tasks and staff migrated into the technical 
groups. As H result a lean "project support group" has been founded. which is responsible 
ror admin istrat ive and marketing support tasks. 
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While some of the centra l tasks have been transferred into the main groups by the end of 
the report period. "parallel computing" was taken up as a new technical topic for the CC· 
group. Initial studies have been undertaken in preparation of new project fields. 

Most of Cadlab's work again was carried out in the contex t of co llaborati ve projects (see 
chapter 8). Concerning nationally funded collaborations. Cadlab has participatcd in 7 
BMBF projects. two of them execu ted in the frame of the European JESSI programme. 
Thereby. the large European EMC project JESSI AC-5 is ;'llso led by Cadlab. Three 
projects are funded by ESPRIT. 

Publications and dissemination of technical/scientific results again played a major role 
also in this report period (sce chapter 7). Cadlab's work is documented in abollt 120 pub­
li c reports and papers. Cadlab software was demonstrated on more than 10 fairs all over 
the world including in Japan. USA. Cunada and many EU·coumries. More than 80 for­
mal presentations. talks ;.md tutorials were given on a large number of international 
events. At the same time internal technology transfer. education and training of young 
talent in app lication oriented engineering was actively promoted. This is renected by 10 
master theses written under the supervision of Cadlab members and 120 student assist­
ants integrated in ;.\ large number of Cadlab software projects. 
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11 Project Group Reports 

4 Information Technology - IT 

4.1 Introduction 

The project group " Information Technology. IT' was formed in April 1994 as a merger 
of Ihe two former project groups "Base Technology. BT" and "System Engineering 
Technology. SET', The rationale behind Ihis merger was the fact thal in both groups 
large potential for syncrgy and cooperation has been identified. which made it necessary 
and sensible 10 join forces. 

In continuation of the existing activities started in BT and SET in 1993 three project 
groups have been founded with the following objectives: 

• the Dat;:\ Inlegratian and Modelling group. DIM. combining the work of the former 
BT group Data Integration (01) on data base federation services. OBF, with the 
STEP/EXPRESS data modelling drorts of SET: starting point or the work of DIM 
has been the joint objective of offering open dnta base middleware services for the 
efficient. transp::lrent stomge of. access to and interchange of data in heterogeneous 
data base environments: the heterogeneity relates both to data base technologies in 
use (file system based. hierarchical. relational and object-oriented ones) and the plat­
forms (PC and UN1X systems) on which these data bases are operat.ed. 

• the group Process and System Modelling. PSM. which emerged from the two groups 
Controllntegmtion (BT Cl) and System Engineering Technology (SET); both groups 
were dealing with two different views on heterogeneous IT systems: An opemtional 
view modelled by Extended. Timed Predicateffransition-Nets (Prff-Nels) and a 
declarative view expressed by rules and frames: in combining these approaches. PSM 
performs research and development in the area of computer-based system spec ifica­
tion. evaluation. generation. and control: the target is the development of integrated. 
generic env ironments for system development and system control: 

• and the Human-Computer Interaction group. HCI. as natural successor of the BT 
group User Inlerface (UI) to give credit for its broader topics like gesture-based edi t­
ing and visual programming. both in development and research: in parallel. a ll Cad­
lab efforts on edi tors and graphical representation means as generally ava il able 
services for all the other Cadlab project groups have been bundled in this group: 

All the efforts spent and work done by IT during the report period were originating from 
BT's former mission 10 investigate infrastructures needed for the engineering of compu­
ter-based systems and to provide basic services for building engineering environments 
and from SETs mission to perform research and development in the field of concurrent 
system eng ineering methods and tools. 
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4.2 Data Integration and Modelling - DIM 

4.2.1 Baseline 

The access to and modelling of data gai ns increasing importance since database applica­
tions are not even more restricted 10 single daw sources. An increasing number of data­
base applications is confronted with problems in the area of 

• data access 10 ancl manipuhllion of multiple heterogeneous databases 

• integration and modelling of data crossing multiple data bases 

• exchange of data between application domains and user sites 

• migration of data and migration of applications 

In most of these cases either multiple database applications or multiple databases arc 
involved. A scenario were lllulLipJe applications run on multiple databascs makes this 
ex pressive. We Llse this scenario as a guidance for our R&D work. The idea is to provide 
a software layer as a kind of database middleware between applications and data han­
dling systems (database systems. file systems, etc.) which allows to reduce the efforts 
and costs for designing and implementing database applications. 

4.2.2 Work during the Report Period 

4.2.2.1 Database Federation Services 

The "Database Federation Services (OBF)" project started in January 1993. Thc aim of 
the project is the federation of heterogeneous, autonomous database systems (DBS). 

Object-oriented database systems together with database systems based on the most rele­
vant relational or the enti ty-re lationship model are candidates for the federat ion within 
the OBF project. Efendi - one result of the OBF project - offers a solutio n in form of a 
flexible software layer on top of these heterogeneous database systems. It allows to pn> 
serve the autonomy of these "component databases (COB)" so that their existing applica­
tions can continue to run locally (keyword: preservation of investment). On the other 
hand , it offers uniform and transparent access to the "federated data" of the COS for new 
(g lobal ) applications. The architecture of Efendi can be seen in Figure 2. 
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• global interface: providing multiple federated and external schemata and further­
more operations according to them; 

• external adapters: data model conversion between standard database interface, 
e.g., STEP/SOA! used by a global user and Efcndi Global Interface; an External 
Adapter is on ly needed if the Global Interface and the user required database 
in terface di ffer: 

• federation kernel: connecting link between user resp. application and COB, deal s 
with necessary mappings and transformations; 

• database coupling adapters: data transport and conversion between heterogene­
ous, federated data base systems and Efendi (with a canonical data model ); 

• CPU DB: storing globa l data, mela data and schema information of Efendi. 
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The global interface consists of two parts: one for defining the federated Hnd external 
schemata of the global interface and one for object manipulation according to these sche­
mata. Both parts, the object definition language (OOL) as well as the object manipulation 
language (OML) directly support the industrial object database standard ODMG (Object 
Database Management Group), i.e., they are compatible to OOMG C++ OOL and 
OOMG C++ OML, respectively. 

Instead of coding the ODMG C++ OML by hand, illlerfaces for schema cons istent data 
manipulation are generated according to the defined schema. By thi s, one schema defini­
tion can be the basis for different data manipulation interfaces. 

Furthermore, functiona lity is available to extend the global interface by graphical fea­
tures. A C++ library which provides graphical concepts on a high level of abstraction 
was developed. By means of these concepts it is possible to develop graphica l editors on 
different levels of abstraction by using the same concepts. Concerning these graphica l 
concepts, for example, it makes no difference to develop a graphical schema editor rep­
resen ting schema level. or a graphical object manipulation language representing object 
level. 

The application of Efendi is not restricted to the federation of some database systems but 
Efendi also supports by its modular and configurable nature two other solutions which 
have been identified to be required by customers: 

• strong-coupling: full con trol over the CDB by Efendi, no local users/applications, 
improved integrity for low levcl COB, e.g., file systcm (see Figure 2); by W<ly of 
"Strong-Coupling" one CDB, Efendi offers data base independence (database 
middleware) by hiding DB-specifics form the application programmer; 

• migration: tool and data migration (see Figure 3). 
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Figure 4: Tool and Data Migration 

The DBF project follows the SNI Process Technology and is now in the ;' lmpicmcll lalion 
Phase", In parallel 10 this phase. the development of a graphical Efcndi demonstrator and 
a pilot project with a SNI department has been started. The demonstrator couples the 
relational database ADABAS-O and the object-oriented database SIFRAME-OMS. 

In Ibe pilot project also a relational database DDB/4 has been coupled with a file system 
based electronic library and a re lational PC database ACCESS. 

4.2.2.2 Federation of and Migration Within Multiple D~'tabase Systems 

While existing approaches trem the federa tion and migration among multiple heteroge-
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neous. autonomous database systems as separate issues, these. current ly more research 
oriented efforts are to investigate how both can be combined. Therefore. basic federation 
concepts have been developed which are required for any federated database system 
(FOBS), mainly a schema integration langu::lge and a global interface. For incorporating 
novel object migration facilities into them, it was at firM investigated what .md how dma 
can be transferred in an FOBS. Baseline was a migration fr::llllework which is scalable 
along three dimensions: 

1. the object kind stating what object data is stored where. 

2. the migration degree specifying how much of <In object to tnmsfer <lnd from where. 

3. and the operat ion primitive defining how to transfer the d::lta. 

At Cadlab. implicit and explicit migration operation., which enable users/administrators 
to tr::lnsrer dat<l <lmons the various dmab<lse system!lo in v<lrious granularities have been 
developed during the report period. All migration operat ions pre:-.erve the objects globa l 
identity. Thereby data locality change is hidden frolll g lobal FOBS <lpplicl.llions so that 
they do not have to be recoded. While the basic federation concepts in combination with 
the object migration runctionality allow to cover nl<lny migration cases. extended redera· 
tion concepts, e.g .. schema ex tens ion, subsequent redundancy identification. and a multi· 
lingual global interrace. have been developed which make it even broader. 

This research activity is realized with many interactions to the DBF project. The main 
basic redemtion concepts and basic migration functionality are already adopted in the 
OBF project and further concepts can be integrated seamlessly into future ver!-.ions. 

4.2.2.3 Schema-Evolution within Federated Systems 

In general, a federated dat'l base system has to deal with a number of modifie<lIions dur· 
ing its operation: the schemata or the participating data bases may change or the reder­
ated schema itself is changing. For these kinds of schema cvoJutions basic methods are 
needed for tackling schema evolution aspects within the overall federated data ha,c ~Y"­
tem. These have to take all objects into account. which are affected by schema modific<l· 
tions. In parallel to the necess<lry research in this area prototype·like software 
components are being developed ror sample practical judging of the chosen approaches 
in order to get early reedb'lck. 

4.2.2.4 STEP/EXPRESS Environment 

The project STEP/EXPRESS Environment was started in the bcginning of 1993. 

The cmerging international standard for the exch.lIlge of product model d<lta is ISO 
10303 "Industrial automation systems and illlegralion·· Product d'lIa representation and 
exchangc". beller known as STEP (STandard for EXChange of Product data). STEP pro­
vides standardized data schemas, called Applicatioll Protocol.\· (APs), for a number of 
application domains. For defining the data schcmas, STEP provides the information 
modelling language EXPRESS. Thus, the APs are annotated EXPRESS schcmas. 
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The STEP implementat ion methods define the implementation of data exchange and data 
access. The implementation methods are independent from any spec ifi c EXPRESS 
model. Part 21 of STEP defines how an ASClI file format is derived from an EXPRESS 
schema. 
Thus. un AP togelher with Pari 2 1 defines a standurdized flie format for data exclmnge. 
Part 22 of STEP defines the database interface SDA I (Standard Data Access Inte rface), 
which provides a standardized access to data that conform to an AP. 

Figure 5 shows Ihe Cadlab view of a STEP implementation. The data arc stored In a 

database or a number of (heterogeneous) databases. The applicat ion(s) access the data 
via the Standard Data Access Interface SOAI. For the data exchange, a writer and reader 
are provided that write the data to be exchanged in a STEP File or re.ld it from a STEP 
File. 

Applications 

Browser 

l ) 
/"'1 Reader 1-STEP S 0 A I 

Files " I 1-Writer 
~ 

00 DB reI. DB ... 

Figure 5: Product Data Access and Exchange 

The basic idea of thi s work IS the generator approach. Since an EXPRESS moot:! autu­
matically defines the file format for data exchange and the SDAI, the corresponding 
STEP software can be generated automat ically from EXPRESS mode ls. Therefore, Cad­
lab does nOI implement the SOAI or reader/writer themselves. but implements genera­
tors that generate this software from the application data schema (EXPRESS model). 
Figure 6 gives an overview of the integrated Cadlab STEP envi ronment. 

For the design of EXPRESS models, the EXPRESS-G editor EXPREME was developed 
in cooperat ion with the HCI group, see Chapler 4.3.2.2. In 1994. the delivery of 
EXPREME 1.0 was started. Now EXPREME 1.2 is marketed by SNI. Over 70 licenses 
are insta lled world-wide. 

In 1993, the EXPRESS syntax and seman tics checker ICE was developed. Since Novem~ 
bel' '93, ICE is avai lable free of charge for Sun-4, SG I, HP9000, Apollo. IBM RS6000, 
OS/2, and Linux. The ICE software can be retrieved from the ftp server of Paderbom 
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University via anonymous ftp. During the report period, ICE was adapted to the ISO 
10303-11 International Standard, and ICE was prepared to serve as front-cnd for the gen­
erators. 

EXPREME Information 

EXPRBSS-G Editor: 

FIIst Design of Complete EXPRESS Models 
Modeling 

j 
r:=:=:1 ____ j EXPRESS Model. / 

~ ",---------, 

j 
ICE Software 

• Syntax & SemanticlI Cbeck Generation 
• Software Generation 

,/ j j 
SDAI I Reader Writer I Browser 

Figure 6: Cadlab's Integrated STEP Environment 

The first generator built was an EXPRESS-to-TIDL generator. TIDL is the Data Defini­
ti on Language of SIFRAMEJOMS. The EXPRESS-to-TIDL generator was completed 
during the report period and was delivered to:1 numher of users within SN I. 

Furthennorc the development of the SDAI generator was started during the report 
period. SOAI is the Standard Data Access Interface of STEP. A generator is being devel­
oped that generates a C++ early-binding SDAI implementation from a set of EXPRESS 
schemas. This generator is based on the software realised within the DBF project: A gen­
erator was developed that generates the OOMG C++ OML from an OOL dma schema, 
the SDAI generator generates the SOAI from an EXPRESS data schema in a similar 
way. 

4.2.2.5 Transaction Management in Design Environments 

An important aspect of design environments is design transaction managemenl. Design 
transactions are different from traditional transactions as they have to support long-lived 
and cooperative activities. Known algorithms for concurrency control and recovery are 
too restrictive for such environments. Thus, a lot of advanced transaction models have 
been developed throughout the lasL few years that try to support design and other cooper-
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alive applications. However. a satisfactory model offering the ncxibility nceded by 
design environments is st ill an open research issue. In particular. there are on ly few 
approaches to the problem of recovery of design transact ions. 

Cadlab has therefore developed a transaction model for the area of design which is based 
on the transaction loolkit approach (developed at the University of Hagen). The model 
offers ncxiblc concurrency control and recovery strategies which can be configurcd in an 
application-specific way. The model also aims at the integration with an object-oriented 
dntabase system (following Ihe ODMG Slandard) in order to exploit semantic informa­
tion from lhe database schema. In order to demonstrate the practical applicability of the 
concept, Cadlab has developed a prototype of the transaction model. 

4.2.2.6 An Open Objecl·Oriented Integration Environment 

Integration of tools into a design environment means to add tool~ into this environment 
and let them interact with other tools wi thin the envi ronment. This includes the organisa­
tion of data so that they can be shared by different too ls as well as a common control 
mechanism for the coordination of control now of tools. Whereas the organisation of 
data mostly is a structural aspect, the coordi nation of tool s mainly is a behavioural 
aspect. Both aspects must be combined into a common abstract data mode\. The object­
oriented approach supports both aspects in a proper way but it lacks a standardi sed 
object-oriented data model so far. 

These requirements motivated the investigation of an integration model containing 
object-oriented basic concepts which can be applied recursively 10 be configured to 
domain specific data models .1I1d data schemas. These concepts are on one hand still 
Object-based and allow on the other hand the definition of particular concepts. As a result 
of the recursive approach the structural and behavioural coordination of different data 
models and data schemas as well as the definition of different application domains is 
handled in a unique manner. Based on these basic concepts different levels of tool inte­
gration, the integration of domain specific and domain neutral tools. as well as the speci­
ficution of tOOl -specific interfaces 10 data shared by several tools are supported . 

4.2.2.7 A Rule Meta Model for Active Database Systems 

Rules are used in active database systems to monitor s ituations of interest and to trigger a 
timely response when these s ituations occur. They can be applied for seve ral prob lems, 
e.g., consistency checks, derived data. change notification or recovery. The integration of 
rules into database systems does not only have advantages - the main drawback is the 
introduced complexity which makes it more difficult to understand what happens in the 
system and which is the source of additional inconsistencies a&. e.g., infinite loops, 
where rules trigger one another indefinitely. A rule model defines the semantics of the 
rules and how a collection of rules is treated at run-time. Rule meta models offer a set of 
parameters which can be used to define rule models. 

Rule melU models are useful for a couple of reasons, c.g., they offer a good baseline to 
compare existing rule models, they can be used as baseline for the anal ys is whether rules 
may trigger onc another infinitely and they can be used to define rule semantics which 
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best fit to the requirements of the applications. Existing rule mera models only offer 
paramcters for parls of the semantics of rule models. and SOJlle of these parameters do 
not describe elementary rule model aspects. Therefore. a rule meta model has been 
deve loped which should fill thi s gap. This model uses Petri Nets as a formal mcthod for a 
precise specification of many of the different aspects of ru le modes. 

4.2.2.8 Semantics and Definition of Structural Defined Views 

The majority of view models for Object-orien ted database systems (ooOBS) has 
ex tended the semantics of relational views by ut ili zing and applying the new opportuni­
ties of ooOBS, e.g., object identity. New features of view models also support the use of 
views for advanced applicat ions that go far beyond the traditional relational views. In 
particular. views are conceived as application spec ifi c schemas on top of the conceptual 
database schema. But so far, no widely accepted notion of views in ooDBS exists. 

In spite of the non-uniform semantics of views in ooDBS - a lot of new indispensable 
new features, new requirements, and new technical so lutions - the majority of view mod­
els are based on the traditional mechanism for view definit ion: Views arc defincd by 
means of a query, i.e., the result of a query is conceived to be the view. But an object-ori­
ented data model provides two mechanisms for view defini ti on: an operationa l one, 
based on a que ry language, and a structural one, based on inheritance mechanisms. So 
fa r, the lalLer one hasn't received much attention in literature. 

Current research acti vities at Cadlab concern ing views in ooOBS focu s on the st ruclUral 
definition of views. The fo llowing aspects are examined: 

• What do operational and struclUral vicw definition s have in common and where 
do they differ? 

• What are st rength and weakness of operational and structural view definitions? 

The research re sults show that operati onal view definitions lead to proble ms concerni ng 
pretentious data representat ion with in the view while structural view defi nition in it s 
pure kind isn't suitable to dcfine vicws that satisfy predicates on object values. To over­
come the weaknesses of the structural as well as the operationa l view definition it is rec­
ommended to integrate both kinds of view definition in one common framework resp. 
arch itecture. The research activities lead to a view model for structural view definition 
that sati sfies pretentious data representations, e.g. restructuring of objects and attributes. 
According \0 the proposed architecture, the view model can be integrated with opera­
tional mechanisms for view definition. 
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4.3 Process and System Modelling - PSM 

4.3.1 Baseline 

Since information technology plays a key role in linking severa l technologies like 
mechanics, communication. transport, or business systems, engineering environments 
have 10 consider these heterogeneous application domains. In order to tackle this variety 
of technical and organizational systems an integrated core environment is being devel­
oped. This core environment provides application independent models, methods and 
tools that can be e<'lsily specialized for the envisaged application domains, c.g. in order to 
provide a user with the specification forma l isms he or she is used \0. The core environ­
ment wi ll be applied in the development of mcchatronic. hardware engineering and 
twnsportation systems. The methods and tools of the core environment are not only Ll se­
ful for heterogeneous system development but also proved their applicabil it y for the con­
trol and guidance of system development processes. 

Depending on the point of view towards the systems under design, different require­
ments arise with regard to the specification and interpretation of system models. If pri­
marily the system behaviour is regarded an operational model is preferable. If the 
concrete system behaviour (e.g., sequencing, parallelization or timing of actions) shou ld 
be abstracted a declarative view seems to be more appropriate. According ly the core 
env ironment provides two fonnalisms for system specificat ion , evaluation and genera­
tion. Extended timed Predicaterrransition-Nets (Prrr-Nets) are used to describe behav­
ioural aspects of systems or system parts. Rules and frames are provided as declarative 
modelling fonnalism. One major advantage of these modelling fonnalisms is that the 
semantics of system descriptions is clear and unambiguous since also the interpretation 
of these models is formally defined. 

However, these modelling formalisms do not allow to tackle raw infonnation like pic­
tures, which will become more important with the ex tended use of multimedia environ­
ments. Therefore, the core environment wi ll be extended by mechanisms to analyse 
pictures of systems or system parts and to combine this information with the correspond­
ing symbolic description. 

4.3.2 Work during the Report Period 

During the report period work was carried out on software platforms for the declarative 
and the operational branch of the core environment, that are described in respective par­
agraphs on " Intelligen t Framework Services" (see chapter 4.3.2.1) and "PrrT-Nct Model­
ling and Simulation Environment" (see cbapter 4.3.2.2). Some applications of the 
underlying modelling paradigms for system specification and evalU<llion will be 
described in the paragraph on "System Modelling and Evaluation" (sec chapter 4.3.2.3). 
Design activities concentrated on the observation, development and realiz.ation of "Hard­
ware Design Methodologies" (see chapter 4.3.2.4). As a cross-cut activity through differ­
ent application domains and engineering activities work was perfonned on "System 
Design under Timing Constraints" (see chapter 4.3.2.5). Further work was perfonned on 
the "Evaluation of the JESS)-Common-Framework". 
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4.3.2.1 Intelligent Framework Services (IFS) 

The "' In telligent Framework Services (IFS)" project sta rted in January 1993. Thc aim of 
the project is to provide hybrid knowledge representation and evaluation services and to 
help system developers in bui lding knowledge based tools. For the IFS project no new 
knowledge process ing approach has been looked for. but instead the syslem is built on 
lOp of Ihe concepts which have already proven as an expressive means of dealing with 
knowledge, namely on frames and rules. However, different 10 all oLher known hybrid 
knowledge-representation system known. the frames and rules components of IFS are 
deeply integrated using the object-oriented paradigm. and their integration incorporates 
possible extensions to handle uncertain knowledge. To ensure that end user needs are 
considered. a set of application examples have been built using IFS. 

The work for IFS was largely carried-out in the JESSI Common Frame (JCF) project. 
Within the subproject 'App lied Research' (SPI) prototype software was provided which 
consists of a knowledge representation and access component (KAL) and a knowledge 
evaluation component (KEC). Within the subproject ' Development ' (SP2) a transfer 
plan for IFS software components was defined which fo llows the SN I Proccss Hand­
book, PHB. According to these guidelines the prototype software developed withi n SPI 
was improved and additional documentation required by the PHB was provided. 

The problem independcnce of the IFS basie serv ices allows for the development of vari­
ous kinds of knowledge based systems diffe ring in knowledge structure, problem solving 
strategy, and last but not at least the target domain. Nevertheless, all conceivable appl ica­
tions share the same basic components and properties. Figure 7 gives an overview of the 
main IFS software components, figures 8 and 9 give further delails on the deve lopment 
and runtime views respective ly 

c++ Application 
Knowledge Knowledge Evaluation 

Specificati~n Language ~::::::::::==-:, component. 

Compiler ' KnO'IVledge Access t 
Layer 

OO-Oatabase 

Q. D~ COlldllions -Act ions 16J COtldi!1()n~ 'Actions 
COlldlllon~ 'A~tions 

Figure 7: The IFS Soflw~In."! Components 

To specify the knowledge base of an app licat ion and the desired inference control, a 
specification formali sm is needed. In the IFS system. the knowledge specificat ion lan-
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guage, HyKL (Hybrid Knowledge Description Language) , is used to thi s end . A HyKL 
specification forms the knowledge schema of an application. A l-IyKL compiler trans­
lates this description into a pers istent knowledge base residing in an object-oriented dala­
base. The IFS system is curren tl y based on the JCF Development System, mainly on its 
object management system, OMS and on the object dcfinition language TIDL. There­
fore, the HyKL compiler is a cross compiler which generates TIDL code. 

For the development of the frame-part of HyKL. a proposed IEEE standard is used as a 
base. This standard for Cl frame-based knowledge representation is developed by the 
IEEE working group P1 252. Frames are the fundamental representational structure of 
choicc for a wide variety of rcpresentationaltasks. Each frame represents a concept and 
consists of a collection of allributes and their values, that are associated wi th that con­
cept. Rules allow users 10 describe heu ri sti cs and procedural knowledge of a domain. If 
rules and frames are integrated, attribute values can be tested within rules. Rule premises 
inherently define semantic proximity between atlributes of dirTerent objects. Thus, when 
integrated with frames, rules give a very general way for defining arbitrary semantic 
relations in a frame-based representation system. 

To access a knowledge base specified by HyKL. an interface in form of the Knowledge 
Access Layer (KAL) is provided. KAL combines differen t knowledge representation 
paradigms to achieve both high expressiveness and reasonable performance. enabling 
the development and integration of employable knowledge based systems consist ing of a 
persistent knowledge base. 

The Knowledge Evaluation Component of IFS (KEC) provides an inference engine to 
efficiently eva luate knowledge structures, but applications may also implement thcirown 
problem solving strategies and user interface for knowledge acquisition and case 
description using the IFS Knowledge Access Layer (KAL). The Knowledge Ev.lIu<ltion 
Component of IFS supports forward Chaining of production rules. Since f-IyKL inte­
grates the parad igms of fmmes, production rules, and uncerta in knowledge with Object 
oriented database technology. the existing solution algorithms for forward chaining are 
extendcd espec ially wi th respect to means of d .. tubase integrity and concurrency in multi 
user scenarios. 

Some of the components mentioned are represented in Figure 8. Additionally, Figure 8 
shows how an application is generated: 

An IFS application developer writes a HyKL script from the conceptual model of the 
system to be built. He or she models the domain structure wilh HyKL frame structures 
and heuristics of the domain with HyKL rules. Procedural behavior of frames may be 
spec ified in method slots by tri ggering sets of rules or by writing functions or member 
functions in C++. For many problems and algorithms, the latter is more convenient than 
ru les. 

The knowledge base is completely accessible from C++ by function calls to the f-I yKL 
API. Method slots and slot demons defined by a C++ function must be adeq uately 
declared in the HyKL sc ript. In Figure 8. this is illustrmed by a thin arrow labelled 'refer-
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ences' in the legend. As further shown in Figure 8, the HyKL compiler generates a TI DL 
script. Th is T IDL script will be provided with all necessary information to identify a 
func tion accord ing to a particula r method or demon at runt ime. Additionall y. it con tai ns 
the database representat ion of HyKL rules. Further, the HyKL compiler generates a so 
called ex ternal func tion manager. which dispatches all calls to methods and demon tr i g~ 

gers to execu te the appropriate function with the correct pa rameters during nmt ime. For 
HyKL Rules. the compi ler also generates an internal. C++ coded structure for efficient 
matchi ng of nde condit ions. This structu re and the external function manager have to be 
compiled and li nked together wi th the fu nction defi nit ions coded in C or C++, the HyKL 
APll ibrary, and the library prov id ing the runtirne fu nctionality of the Know ledge Evalu­
ation Component KEC. 

IFS Development View 

HyKL Script 

HyKL 
Compiler 

TIDLScript 

-= = .-
flow or generating 
HyKL language 
IFS library 
KEC libn try 
text ual representation 

external method 
and demon 

c++ Linker 

----7 references 

= = object code CZZZ2J executa ble 

Figure 8: The IFS Development View 

The rough module structu re of the resulting IFS applicat ion is shown in Figure 9. The 
software consists of the pure appl ication pali, des igned by the application developer. It 
has to be noted, that it may con tain arbitrary C++ programming and OMS accesses 
besides frame and rul e accesses, if needed. Access to the ent ire frame structure including 
schema information, instances and relations as well as to sets of rules, sing le rules and 
pans of rules is ensmed by the HyKL AP I. The Hy KL KEC provides for effic ient rule 
evaluation by forward chaining. The KEC and the API should be d ivided in a database 
independent and a database depende nt part, for reasons of porlabi lity. The External 
Function Manager which d ispatches demon ca ll s triggered by database accesses or 
method calls is generated by the HyKL compiler. 
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The approach pursued by the IFS project has been justified by applying the developed 
IFS technology in two areas: An advisory system for EMC evaluation purposes and traf­
fic optimiz.ltion employing intelligent services have been successfully demonstrated . 

IFS Runtime View 

Application 
Frames & External 
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database HyKl API HyKL KEC 
independent Knowledge Knowledge 

External 

·······••• .. ·111.· Access Evaluation 
Function 

database layer Component 
Manager 

dependent 

Database (OMS) 

IFS IFS 
Frame Rule 
Schema Schema 

Figure 9: Functional Architecture or an IFS Application 

4.3.2.2 Prrr-Nct Modelling and Simuhllion Environment 

During the repol1 period;] prototype of;] design environment forextcndcd Prr r-Nets was 
developed. With this environmenl it is poss inle 10 specify and simulate ex tended PrfT­
Nets. The main featu res of extcnded PrfT-Nets arc: 

• set operations at transitions. 

• hierarchical places and transitions, 

• time dependcnt firing of transitions, 

• recursive definition of hierarchical nets. 

The PrfT-Net envi ronment is based on a common data schema that covers the manage­
ment of design data in general and a data schema for the net representation itse lf. These 
schemata will be described first before an overview of the PrfT-Nct environment is 
given. 
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Schema Development: 

Complex systems cons ist of a lot of different components from different applicat ion 
areas wh ich might be handled by differen t tools of the system eng ineering environment. 
These too ls might work on a common data format. But very often they also need their 
own descript ion format. This makes clear that a lot of data and fi les have to be handled 
during the system development process and that a management schema is urgent ly 
needed. 

Withi n the report period a schema for the managemen t of the data has been developed 
based on a structurally object orien ted database. This schema allows the identification of 
the components and the system they belong to. The schema SUPPOI1S the hierarchical 
developmen t of systems by offering an instant iation hierarchy. Systems or system parts 
may be designed in a top down manner or they may be constructed in a bOllom up 
approach. The interface and the imp lementation of a component can be stored separately 
and differen t alternative descript ions of system components can be handled. This enables 
the definit ion and comparison of multiple implementations for a g iven interface. Already 
existing system components or those that reached a stable design status can be archived 
in libraries. 

As a common model for system specification from the behavioural/operational po int of 
view extended Prff-Nets are used. To allow d iffe rent tools to work simultaneously on 
these spec ificat ions a schema based on the object oriented database has been developed. 
This schema covers the Prrr-Net structure as well as its dynamics . The structura l pan 
con tains objects for the elements of Prrr-Nets which are places, transi tions, edges and 
the pons of the interface. Special instantiation relations are introduced to allow access to 
the instantiation fac ilities of the data management schema and thus to the instantiated 
subnets. The schema pUll for handling net dynamics allows to manage graphs of net 
states. Each net state consists of Objects representing the aClUal marking and the transi­
tion stalU s. 

For both schemata, the management schema and the net schema, C++ classes for the 
schema objects and access methods as programming interfaces have been deve loped and 
imp lemented. Based on these programming interfaces the Prrr-Net Environmen t 
described in the nex t paragraph was rea lized. 

Overview of the Prrr-Net Environment: 

The current environment consists of a browser for the select ion of existing or new nets or 
subnets. a Prrr-Net-Editor for a comfortable edit ing and simulation of Prrr-Nets, and a 
Prrr-Net-I nterface-Editor fo r the defini tion of abstract graphical representat ions for sub­
nets. Some important features of the design environment are: 

Mixed Editing and Simulation of £tlended Pr/T-Nels: 
With the Prrr-Net-Editor it is possible to edit and simulate the net alternately without 
intermediate compi lation steps. During such an edit-simu late-sequence it is even possi-
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blc to changc the actua l nct marking and conti nue simulation on this new marking. 
Markings reached during the simulation C:'1Il be saved and reused as starting points for 
further simulation steps together with new markings generated with the editor. This fea­
ture allows a very flexible handling of stimuli which is especially valuable during the 
developmcnt phase of a syMcm. 

Mixed Top-down alld /JOUOUHIP Specificatioll of Hierarchical Prl7:Nels: 
In the same design some parts may be specified in a top-down manner while other P8l1S 
are specified in a bottom-up fnshion. After completion of the specification the consist­
ency can be checked explicitly. If the S;'lme subnct is used seveml times in a specification, 
only the dynamic net information is copicd and the static information is in!\tnntiated. 
This avoid~ redundant storage of the sarne information. 

AiJSlrlICf Representatiolls of S"bllet ... : 
With the Prrr-Nel-Interface-Editor an abstract representation for a subnet can be speci­
fied. If the subnet is used in the definition of another net, only this abstrnct representation 
is visible. During the simulation of the .. ubnct the firing of a tmnsition may cause a 
change of the abstract repre\entation. Hence. the abstract representat ion reflects the state 
of the subnet. Figure ID and I I shows the Prrr-Nct-Editor during the simulation of a Pr/ 
T-Net specifying the control or traffic lights at an intersection. In the net for the intersec­
tion the abstract representations of the subnet ror the traffic light (instantiated twice) and 
the subnet for the control of the intersection arc depicted. Below. the net definitions for 
these subnels with their actual states are represented. For example. in the subnet for the 
left traffic light the transition "RotlGelb" which means "Red/Yellow" has finished ils fir­
ing cycle (its output phlce is marked). The abstract representation in the net fo r the inte r­
section reflects this state. 

4.3.2.3 System Modelling a nd E\'a luation 

As an application driven fir~t step towards the integration of the declamtive and opera­
tional branches of the core environmen t concepts for the evaluation and optimization of 
transpol1 systems were developed. Based on a Prrr4 Nct model o f the Lranspol1ation sys­
tem its current charactcriMit:~ l.:<Hl be evaluated using the Prrr-Net simulator. Afterwards 
a rule based analysis and optimization of the simulation results will take place using the 
Intelligent Framework Services. As further application domains for the Prrr-Net model 
mechatronic systems. the formalization of distributed backplane-based simulation. and 
the design assistance for an integrated hmdware/software co-design envi ronment were 
regarded. 

Mechatron ic Systems: 

One special group of system regarded were mechatronic systems consisting of digital 
components. physical components and control components. For these systems a common 
modelling technique based on ex tended Prrr-Nets was fU I1her elaborated. In add ition to 
the difference equation approach developed during the previous repol1 period the state 
based representation of analogue components is supported. A major advantage of the 
state based approach is that it eases the coupling of different analogue components. Fur-
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thennore. it is more commonly used for the description of physical and control compo­
nents in mechatronic systems than difference equat ions. Within the report period a 
methodology has been developed which allows the modell ing of slate space represcnta­
tions by ex tcnded Prff-Ncts. Th is methodology also provides solutions for the handling 
of non linear analogue components and for the coupling of different analogue compo­
nents. 
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Figure 10: Simulation of Extended Prrr-Nets (I) 
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Net for intersection control: 
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Figure 11: Simulation of Extended Prff-Nets (11) 
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The Formalization of Distributed Backphme-based Simulation: 

This research acti vity. Marted in 1993, focllses on the extension of the Prrr-Nct formal~ 
ism into a modelling framework consisting of a "modelling kit" and the mcthodology 
how to use it. Both, rationale and usefulness ofthi~ framework are to be demonstrated by 
a complex modelling task, i.e., distributed backplane-based simulation. Therefore, one 
focus of thi s work is the design of the modelling kit. which is a set of well-defined high­
level Prrr-Net constructs. The modelling kit supports a hierarchical modelling style and 
especially the top-down and bottom-up design approaches. Among the kit's e lements are 
severaJ types of hierarchical transitions which allow the modeller to specify the dynam­
ics for each part of the model indi vidually. Furthermore, a set-based type concept for 
predicates (places) and tokens provides for the means to model the data-flow on different 
Icvels of abstractions. Although being crucial for the interpretation of a model's dynamic 
behaviour. the semantics, e.g. scheduling and fairness issues, is normally not exp licitly 
specified with a model (if at all). Therefore, onc goal of this work is to enable the reader 
of a model to retrieve the underlying semantics of the modelJing constructs used (as an 
option). 

The second major foeu .. of this work is the creation of a model for a procedural interface 
for simulat ion backplane') using the above mentioned modelling kit. Starting point is the 
(uncompleted) CFI standard for simulation b<lckplanes as the system to be modelled with 
the modelling kit. The model will allow the generation of different views onto the sys­
tem, such as control -flow and data-flow in diffcrent levels of dctail. This hierarchical 
model is being realised as a hypertexl document. 

Currently, the elements of the modelling kit are designed and major parts of the simula­
tion backplane interface are modelled. The formalizat ion of the modelling kit and the 
generation of the different views are the major remaining activities. The research will be 
completed in 1996. 

Design Assistnnce ~Ind Tool Integration: 

The work on design assistance and tool integration was performed within the SYOIS 
(SYnthese Dlgitaler Systcmc) project. The main purpose of the SYDIS project is to pro­
vide a set of tools support ing hardware/software co-design and high leve l synthes is 
applications. This toolset is called CASTLE (Codesign And Synthesis TooL Environ­
ment). To facilitate homogeneous data handling for this toolset and based on this com­
fortable design assistance tools are integrated into JCF/S IFRAME. 

The integration of Ihe CASTLE-Tools into JCF/SlFRAME is reali zed enveloping the 
STEP/EXPRESS standard. This integration strategy has two important advantages: 
STEP is an industrial standard (ISO 10303: "Product Oal<l Represcntation and 
Exchange") and the integrat ion becomes independent from the underlying database. 

The internal data reprcsentation for CASTLE tools is called System Intcnncdiate Repre­
sen tation (SIR). During the report period a complete EXPRESS-Model for SIR has been 
defined and a prototype of an EXPRESS-to-TIDL-Generator was implemented. TIDL is 
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a DOL for the lCF/S IFRAME-Database. With the EXPRESS-to-T1DL-Generator the 
data definitions for the initialization of the database can be automaticall y generated from 
the EXPRESS-Model. The data manipulation in the l CF/S1FRAME-Database is handled 
via the SDAI procedural interface which also can be generated automat ically from the 
EXPRESS-Model. The work on a SDA I-Generator has been started during the report 
period. Figure 12 outlines the integration strategy in SYDIS. 

Tool A I I Tool B I . .. I Tool Y I I Tool Z 

I I 
I internal data representation, e.g. SIR I 

I I 
EXPRESS·Model STEP 

of internal . . ... ASCn· 
data representation mes 

. I I . . 

I T1DL ~(DDL) I SDAI (PI) I 
I I 

I Framework Dictiona ry I 
JCF/SIFRAME 

...... -. automa tic generation possible integration {mills 

Figure 12: Integration of CASTLE-Tools into J CF/SIFRAME 

During the rcpOl1 period an integrated design assist ani was specified. The design assist­
ant is based on ex tended Prrr-Nets as underlying formal mode l. Possible design nows 
can be spec ified using extended PrfT-Nets. The communication between the design 
assistant and the design environment is handled via events and the execution of des ign 
actions. Using events the des ign assistant is informed about data manipulations in the 
database. The manipulation of data means the manipu lation of en tities of the EXPRESS­
Model. Transitions in an extended Prrr-Net can be linked to the man ipulation of 
EXPRESS-Entit ies (create, delete, change). These links are written in an even! dejill itioll 
file. This file is read by the SDA I-Generator together with the EXPRESS-Mode l. Then 
the SDAI procedures automatically generate events when the specified data en tit ies are 
manipulated and the design assistant has the possibility to update its representation of the 
actua l design state. So the events allow the design assistant to observe the design envi­
ronment. In addi tion the execution of design actions (tools) can be li nked to the firing of 
trans it ions in an ex tended Prrr-Net. Consequen tly, the des ign assistant can actively con­
trol the design now and for example automat ically invoke the execution of tool 
sequences. Like the integrat ion the design assistan t is based on STEP/EXPRESS to be 
independe nt from the underlying database. Figure 13 describes the integration of the 
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design assistan t in SYDIS . 
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Figure 13: Integration of the Design Assistant 

4.3.2.4 Hardware Design Methodologies 

During the rep0l1 period the work on hardware design methodo logies concentrated on 
four topics. The work on hardware synthesis. activities in the standardization area of 
VHDL, and on the handling of asynchronous hardware was con tinued. Furthermore, a 
researc h activity on the use of fo rmal methods for the validation of system specifications 
wi th VHDL started, which is closely linked to the other VHDL act ivities. 

Hardwa re Synthesis: 

The work on the projcct OMSI (Optimized Model Transformations at the Synthesis of 
Digital Information-Processing Systems) was completed at the end of 1994. In this 
project, Cadlab cooperated with the Technical University of Itmenau, the Hurnboldt Uni ­
versity Berlin, and the GMD. The goa l of OMS I was to improve the interact ions between 
the synthesis phases. 

In a cooperation of Cadlab and the Technical University of I1 menau. the logic synthesis 
tool CLASSY and the layout generator GeLaS were integrated to build a fully au tomat ic 
generator of datapath layouts. At the end of the project OMS I, this datapath generator 
together with the high-level synthesis, cont ro ller synthesis, and layout synthes is too ls 
developed in the project was used to perform several real designs. The resul ts of the 
projec t OMS I were presented at a workshop in Berl in in December 1994. 

Furthermore, the deve lopment of algorithms for topological compact ion was completed. 
Experimen ts on a number of benchmarks showed that the use of these algorithms in the 
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chip assembly leads to a reduction of the layout area of up to 10%. 

Handling of Asynchro nous H~lrdware: 

During the report period the work concentrated on the synthesis of asynchronous hard­
ware interfaces. An asynchronous realisation of interfaces has the advantage to allow the 
easy connection of a wide range of different hardware components without being con­
strained by time and speed. To improve the synthesis of hardware interfaces an asynchro­
nous pipeline architecture was developed , Based on the investigation of different 
asynchronous protocols work was concentrated on the 'delay insensitive , two phase ' 
protocol. 

ack 

Figu re 14: P ipeline with 'Delay Insens itive ' Protocol 

data =><:.-. valid ,'. --"?<:r .. ~, ::::ie!i!m}ip!!ity;::::===:: 
I .:.:, 
, , , , 

ack '.- .f----': '- 01 

phase 2 3 4 

Figu re IS: ' Delay Insensitive, Two I)hases' Protocol 

A pipeline (as shown in Figure 14) consists of latches (LI, L2 , L3) and function blocks 
(fl. f2). The term 'delay insensitive' means that through a coding of the data itself the 
successing modu le recognizes when valid data is arriving. The term 'two phase' means 
that the transpol1<ltion of a new data item is performed only by the change of the data 
valuc and the acknowledge. A ;re tum to zero' as for othe r protocols is not necessary, For 
this 'delay insens itive, two phase ' protocol various ce lls were designed on transistor 

level. The cells were simulated and tested within the Cadence Design Framework 21. 
First results encourage further study. 

I. Design Framcwork 2 is a trademark ofCadcncc Dcsign Systcms. 
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VHDL Activities: 

The work in the standardisat ion area of VHDL has been cont inued in the corresponding 
work package o f the European ESIP~project (EDA Standards Integration ::md Promo~ 

tion). In cooperation wi th the Swedish pa ltner Synthcsia, Cadlab has worked in two main 
areas. The fi rst area covers the observation of standardisation activities both in system 
speci fication and in VHDL. The second area addresses the in tegration of the outputs of 
the standardisation bodies into a common method supporting a complete design flow 
beginning at a specification and ending up with a VHDL program. 

In 1994, a research activity has been started to combine formal methods with VHDL for 
the validation of system spec ificat ions. To begin with, a modelling framework based o n 
the Z notation is being developed. It allows the des igner to specify non~seqllcnt i a l sys~ 

tems (e.g., real time systems) on the highest level of abstract io n using application spe~ 
cific packages. The second aspect is the development of an ex tended Refinement 
Calculus for the correctness preserving refinement of the given spec ification. The new 
calculus includes specia l rules to handle concurrency and time. Finally. the correct trans~ 
formation of the refined specification is done into VHDL. This enables the validat ion of 
the spec ification by si mulation. Major results of this work are expected at the end of 
1995. 

4.3.2.5 System Design Under Timing Constraints 

Cadlab's activities concerni ng this subject are three-fold: real -time problems fo r the 
des ign of mechatronic systems, timing analysis for hardware systems, and project plan­
ing were regarded. 

Because of their high performance and sca lability massive parallel systems become more 
and more important for the real isation of Illechatronic systems. Espec ially, real time con­
ditions have to be considered. To guarantee hard rea l time conditions, the operati ng sys­
tcrn overhead has to be minimised. For thi s purpose it is very useful to pre-analyse the 
application in order to configure the operating system. Usually. comple,,;; real -time appJi­
{;<llium, invo lve lllany t a~ks which behave very sl<ltic (i.e. their run time and their com­
munication requirements are deterministic). 

During the report period work in the field of real-time systems has focused on the design 
of a su itable pre-analysis tool which analyses the static processes desc ribed by the com­
mon model. Stal1 ing with the know-how of the hardware development methods high 
level synthesis and riming wrijicalio/l, research was done with respect to scheduling and 
allocation o f period ic hard real-time tasks. As .. I first result a schedulability test was 
invented, which checks whether the hard rea l-time conditions arc met. This schedulabil ­
ity test especia lly takes in to account the problems of communicating tasks withi n parallel 
systems. The work conceming allocat ion will be accompl ished during the next report 
period and became part of the BMBF-Projcct "METRO" starting in Apri l 1995. 

The in tegration of the Cadlab Timing Analysis System (CaTAS) into the EMC-Work­
bench was further improved during the report period by including timing information 
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into the SULTAN format both for specificat ion and back-annotation. 

Cadlab's know-how in the fields of timing ana lysis and editor design (of the former SET­
Group) was used to start designing Cadlab's project planning project CA PLAN. CAP­
LAN will especially allow simultaneous editing of the same project plan by different 
users and analysing the plan with respect to important dates (timing analysis). 

4.3.2.6 Evaluation of the JESSI Common Framework 

The work wi th in Subproject 4 ('Eva luation') of the EU project "JESSI Common Frame" 
was cont inued. In 1994 at first a preliminary framework version JCF R3.0 was received. 
To support the quality assurance process for the finn! version a task force for testing was 
set lip with both, experienced and novice users of the framework. A deta iled evaluati on 
rcport was written con taini ng also quantitative measu rements of the pe rformance of the 
framework. 
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4.4 Human-Computer Interaction - HCI 

4.4.1 Baseline 

HlIInan ~COlllputcr Interaction plays a key role in the acceptance of <lny compu ter sys­
tems. Among the various aspects of human-computer interaction, the Cadlab project 
group HeI focu\cs on the graphical user interface and the development of graphical edi­
tors. Based on the know-how gained by former re~earch and development activities in 
this field, the project' Advanced Editing Systems' has been started. The main goal of this 
project is to transfer the research results and the know-how in developing graphical edi­
tors into industrial rc-lIsable software systems. Furthcnnorc. there is subst<lntial internal 
requirements 011 an application framework for graphica l editors 10 avoid building the 
same basic graphical routines for different development projects. 

At the beginning of the repOll period, the proce~s segment 'Problem Analysis' of this 
project ha!' been completed successfully. The results of this process segmcnt defined the 
requirements for the software product EOS and a prototype of the edi tor object system 
EOS. Further. two prototype applications (EXPREME and SCALOR) hHve been devel­
oped bHsed on this EOS prototype. The two prototype appl ications showed that the basic 
concepts of EOS arc practicable. Based on the two prototypes, the product version of 
EXPREME and SCALOR have been designed and developed. 

Accompanying the Hbove development activities, the group human-computcr interHction 
orien ted the research directions into the domains of visual programming and of graphical 
animation. 

4.4.2 Work during the Report Period 

4.4.2.1 Editor Object System (EOS) 

Within the report period, the human-computer interaction group continued the develop­
ment of the editor framework EOS (Editor Object System). The main goal of EOS is to 
provide an ex tendable, eHsy to use, and window system independent set o f class libraries 
and tools, which enab le the user to design and implement graphical editors. Unlike other 
User Interface MHnHgement Systems, EOS assists the programmer of an editor not only 
by providing uscr interface elements, like buttons. menus or scroll bars, but focuses on 
the drawing HreH part of an editor. Among the usual graphica l functions. it also provides 
mechanism for active dialogue control with nonblocking input requests Hnd supports a 
task- Hnd seman ti cs-oriented programming. 

The first version of 60S 1.0 has been developed with SNI T30 quality both for the 
UNIXlMotif environment and for the DOS/Windows 3.1 environmcnt. The main devel­
opment efforts were dedicated to the Windows implementation of EOS devices. This 
version was also used ror the development of the three grdphical editors, EXPREME, 
SCALOR. and PictoriHI Janus which will be described in the following three sections. 
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4.4.2.2 A Graphic,,1 Editor for Express·G (EXPREME) 

EXPREM E is an easy-te-use graphica l Editor for the fast des ign of EXPRESS-G mod­
els. The user can annotate the graphics with all non-graphical EXPRESS fea tures. This 
enables generation of complete EXPRESS-Tex t. EXPREME is a joint development 
project between the IT groups He ) and DIM. Figure 16 is a screen dump of the current 
version of EXPREME. 

llelp 

Ent..lLy 

I PrE'o(;i:.ion •• ·1 

o Const.rlllned 0 OpUonal 

Figure 16: EXllREME-Screen Dump 

EX PREME recognizes symbols on-line, prevent s from drawing prohibited relationships 
or us ing reserved words as identifiers. Within the working period, a product quality ver­
sion of EXPREME has been implemented. Special development effort was dedicated 10 
the Windows version . 
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4.4.2.3 A Craphical Editor for EMC·Workbench (SCALOR) 

One of the development act ivities within the rcp0l1 period was the development of the 
editor SCALOR, wh ich is part of the EMC-Workbench. The EMC-Workbench is used 
for the design and analysis of printed circuit boards under electromagnet ic compatibility. 
Within the current EMC-Workbench, the LDA tool analyses a peB hlyout for compo­
nents and areas. where EMC problems may occur. Such components must be considered 
by corresponding EMC-arrangements. SCALOR is designed for supporting such 
arrangements within a pes layout. 

During the repon period. the implementation of a first SCALOR prototype has been 
completed. This prototype was demonstrated successfully on the Europcnn Design Auto­
mation Conrcrcncc in Paris. Based on thi s firsl prototype, a detailed runctional specifica­
tion or the product vers ion SCALOR 1.0 was written. Several parts or the runctionality 
were redesigned. This included the colour representation or the layers, the extension or 
the internal EOS data structure to satisfy the EMC-Workbench internal representation 
ronnal, SULTAN, and the user interrace of the cross-view definition. Further. the editing 
runctionality ror EMC hand ling was implemented. 

4.4.2.4 Visual Programming Environment 

Within this report period lhe conception and implementation or an intcmctive distributed 
Piclorial Janus design environment has been slatted. Pictorial Janus (PJ) is the complete 
representation of the constraint logical programming language Janus. In contrast to 
related approaches Pictorial Janus defines an inherent advanced animation or the speci ­
fied program. The Pictorial Janus environment will finally cover 

• a PJ Symool Editor, 

• a PJ Programming Edilor including an Animation Interface, 

• a Debugger, 

• a Simulator. 

Once a Pictorial configuration has been speci fied by lhe use or the PJ editor the simulator 
which runs the Janus machine sends signals 10 the animation inlerrace in order to trigger 
the animation or the specified program. 

The editors are implemented on EOS 1.04. The de-racto standard PYM 3.3 is used ror 
the interprocess communication between the editor and the simulator/debuggcr. The 
sort ware still has research status in order to investigate visual programming l.Hld debug­
ging methodologies. 

4.4.2.5 EXPRESS/EXPRESS·P 

The process modelling language EXPRESS-P has been defined in cooperation with 
Heinz-Nixdorr- Institut , Paderbom. EXPRESS-P combines the concepts or the ISO 
10303- 11 data specification language EXPRESS with the concepts or the process model­

ling language GRAPES-86 1 and SDL2, respectively. An active participation in the 
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EXPRESS Working Group of the DIN NAM 96.4.4 provides Cadlab's contribution 10 the 
definition of EXPRESS Version 2 with the EXPRESS-P experience. 

Within this report period the EXPRESS/DIS I checker ICE V 1.0 has been implemented. 
The cxccutablcs have been made freely available by anonymous ftp for seven different 
platforms (SlInOS, lRIX, HP-UX. DomainOS. RS6000. OS/2. Linux). Meanwhile, the 
checker is well accepted for the conformance tesling of EXPRESS modeb in the STEP 
community. ICE V2.0 for EXPRESS/IS will be avail<lblc in the next report period. 

An environment for the conformance IC'tling of STEP Physical Files (ISO 10303-21) for 
the validalion of huge STEP PhY!o.ical File ... has been investigated and implemented in Ihe 
context o f a diploma thesis. The validati on of STEP flies up to 800 MBytes has been suc­
cessfu lly checked w.r.1. the cOITCsponding EXPRESS <,pccif'ication by the paraJlelization 
of the checker under the dc-facto standard proccdur::Il interface PVM 3.0. By this 
approach. huge physical files can be erficiently va lidated on a network with low-cost 
Sun-4 workstat ions. 

4.4.2.6 VHDL'93 

HC! has contributed to ANSIJIEEE Std 1076- 1993 as a balloting member of the 
VHDL'93 standardizat ion group. 

A formal definition of the VHDL'93 simulator has been defined based on Evolving Alge­
bras. This work is the first formal model of behavioural VHDL'93, The formal model has 
been defined in cooperation with Heinz-Nixdorf- lnst ilul , Paderborn and University of 
Pisa. 

4.4.2.7 Other Activilies 

During the first months of the report period one member of the project group continued 
to support the desktop development of the framework SIFRAME 3.0, 

Furthermore. one member of the project grol lp con tinued his work as a project consu ltant 
for another SNI department (01 201). The project goa l was to design and implement an 
information system for exhibitions, which was successfully installed and used at the 
CeBit '94, The software is based on XII, OSF/Motif and In fo rmi x. 

1. G. Held, "Sprachbcschreibung GRAPES". Siemens AG. Bertin, Gemlany, 1980 
2. CCITf Z.IOO, "CCITf Recommendation 2.100: Specification and Description Language SOL 
(Blue Book. Volumes X.l-X,5)", CCITf General Sccrctariat. Geneva. Switzerland. t988 
I. Draft International Standard 
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4.5 Summary and Outlook 

The merger of Cadlab groups BT and SET to IT in the second quarter of 1994 has repre­
sented a major challenge for all Cadlab employees concerned. Besides continuing exist­
ing activities the expected synergy and cross-fcl1i li sation were achieved in the areas of 
process and system modelli ng and of daw integration and modelling. New application 
domains like transport or trame systems have been encountered by and coped with avail­
able IT solut ions. In all IT projects the momcnlUm was kepI and considerable progress 
has been made during the report period: 

Considerable efforts were spent on the development of Intell igent Framework Services 
(IFS) and PredicatcfTransi tion-Net (Prrr-Nct) lools as parts of the core environment for 
SySlCms engineerin g. IFS represents the declarative branch of the core environment 
whi le the PrfT-Net tool s represent the oper<lti onal branch. As central pans of IFS the 
knowledge representation and access component (KAL) and the knowledge evaluation 
component (KEC) were provided. For the PrfT-Nets a data schema was designed and 
implemented. It cover!> hierarchy. the handling of sets, and timing for net structure and 
nel behaviour. Based on thi s data schema prototypes of a PrfT-Net editor and simulator 
were realized. In Ihe contex t of the BMBF project SYDIS a PrfT-Net based Design 
Assistant was integrated with the CASTLE lools employing the STEP SDAI procedural 
interface in order to be indcpendent from the underlying database. As example integra­
tion platform JCF!SIFRAME has been used. 

The approach pursued by the IFS project has been verified by app lying the developed 
IFS technology in two areas: An advisory system for EMC evaluation purposes and traf­
fic optimization employi ng intelligent serv ices have been successfully demonstrated. 

The work on mechatronic systems was continued. Firstly, the spec ificmion of discretized 
continuous system was further elaborated. Secondly, hard real time conditions. appearing 
when realizing mechatronic systems in a mass ively parallel manner, were regarded. As a 
first result a schedulability test for pe ri od ic hard real time tasks waS developed. 

In the area of data integration and data modelling progress was made in the construction 
of an advanced software environment for product data modelling based on the interna­
tionallSO-standards "STEP" and "EX PRESS". Here, the front-end of the Cadlab STEP! 
EXPRESS-Workbench was successfully completed and made available to beta-lIsers on 
an international scale . In the future. thi s workbench will be ab le to easily connect to a 
wide range of heterogeneous. di st ributed data b'lses as fOllnd in any larger company. The 
mechanisms for thi s connection have been (and are still) developed under the name 
" Data Base Federation, DBP'. DBF add resses the requi rements of data base federation , 
integration, migration and data independence and thus provides answers to urgent data 
base management problems in industry and commerce. During the rep0l1 period, a dem­
onstrator of DBF was completed and sllccessfully piloted in the SN I factories for mid­
nmge systems. 

Concerning human-computer interaction aspects, the project on "Advanced Edit ing 
Services, AES" was carried on. A key achievement of this project was the provis ion of a 
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comprehensive C++ library "Editor Operating System, EOS", providing classes and 
methods for the effi cient construct ion of advanced platform independent editing systems. 
By employing EOS, the schema editor SCALOR and the EXPRESS-G editor 
EX PREME (both for UNIX and PC systems) have been implemented in a very fast and 
efficient way. SCALOR was developed IOgether with the Cadlab group ASE and has 
been successfully demonstrated at DAC'94 and EDAC'94, whereas EXPREME has 
been delivered to a number of test s ites for eva luation purposes with some first positive 
user reactions. 

The EXPRESSIDIS checker ICE V 1.0 has been implemented and its execlItables have 
been made freely available by anonymous ftp for seven different platforms. 

Efforts ha ve been spent by IT in suppol1ing the development of SIFRAME in close 
cooperation with SN I SU ES CE and in eva luating and in testing corresponding results 
of the JESS I Common Framework project. Two releases of the framework were evalu­
ated and tested. 

From a scientific point of view IT results have been reported in numerous conference and 
workshop papers. In addition, numerous contributions 10 books and journals have been 
made. A book on " Handsketch-Based Diagram Editing" written by R. Zhao has been 
published. 

The following PhD theses have been completed within IT during the report period: 

• F. Buijs: "Automating the Logic Synthesis of Arithmetic-Logic-Units; 

• H. -J. Kaufmann: "EDIS: Eine objekt-orientierte Software-Architektur fur graphische 
Edi torcn"; 

• B. Kleinjohann: "Synthese von ze itinvarianten Hardware-Modulen"; 

• L. Kleinjohann: " lntegriel1e Entwurfsberatung auf der Basis erweiterter Priidikat­
Transitionsnetze" . 

Continued applied research work was carried out in a number of areas including "hetero­
geneous system design", "timing analysis", "visual programming", "simulation back­
planes", "data base federati on", "design transaction management" and "Object-oriented 
integration" . Here, a series of PhD theses are expected to be completed in the near ruture. 

IT members actively participated in DIN and ISO STEP/EXPRESS standardisation bod­
ies con tributing resuhs rrom, among other sources. an SNI working group on STEP/ 
EXPRESS and on its potential intcrworking with EDLFACT and process modelling. In 
addition , IT contributed to ANSIIIEEE Std 1076- 1993 as a balloting member of the 
VHDL'93 standardization group. 

Another high-light during the report period was the organisation and moderation of an 
ERIKA meeting by Cadlab in Paderbom in the context of European-wide activities in the 
area or " Knowledge Asset Management" . Fnlilful contacts have been established within 
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this community. 

Future work of IT will cover activ ities for the further industrialisation of EXPREME and 
DBF. The lalter will be conducted under it s ncw nmne "Open Database Middleware, 
OpcnDM". 

Work in the context of process and system modelling employing the extended PrfT-Net 
paradigm together with knowledge representation mcans will be continued. The integra­
tion of these opemtional and declarativc paradigms will be started. First concepts will be 
developed for rule-based optimization of systems described by PrfT-Nets. The SYDIS 
project and the corresponding work on design assistance and tool integration for the 
CASTLE toolset will be completed. 

The forthcoming BMBF funded project "METRO" dealing with mechatronic systems 
will represent an opportunity to further enhance the system modelling and evaluation 
approach by providing additional requirements from and by applying it in the 
mechatronic systems domain. The focus of this project is the use of mass ive ly parallel 
computers during design and realisation of mechatronic systems. 

The "Global Engineering Network, GEN" initiative together with mher "nlulti-media­
keep-in-touch" efforts will give Cad lab's "lmdil iona'" work in the area of engineering 
environments a new push by combining Cad lab's existing middlewarc and integration 
tcchnology with multi-mcdia means for bellcr (tele-)engineering SUppolt. GEN will 
allow the retrieval. access, and use of engineering data via IntemelfWWW. 

The "Product Data Management System, PDMS, Integration Project". to be run in coop­
emtion with SNI SU MR and to be started at the beginning of the next report period, will 
be another chance to g;:lin deep insights into industrial practice and needs in continuation 
of work done by the former TMG group in the context of the SUMR CAI project. Cadlab 
employees will directly work together with SU MR colleagues in lheir offices. From thi!\ 
cooperation, input for fllrther (basic) research activit ies for Cad lab is expected. 

The JESSI Common Frame project and hence. thc eva luation work and the development 
of IFS and DBF within this project will be completed. 
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5 Analog System Engineering 

5.1 Introduction 

The mission of the Analog System Engineering group (ASE) is to undcI1ake research 
and deve lopment of software tools, methodologies, and strategies for design support of 
electronic components, modu les, and systems with respect to their ElectroMagnetic 
Compatibility (EMC). 

In recent years the work of the Analog System Engineering group was focused on the 
development. implementation and prodUClization of the EMC-Workbench , an integrated 
environment for the EMC-adcquate design of printed circuit boards. For this reason a lot 
of basic research in the area of wave propagation , micro wave theory, ci rcui t theory, 
modelling of components and circuits. and computer science for EMC applications (e.g. 
placement- and routing strategies) was necessa ry. The EMC-Workbench consists of dif­
ferent tool s for placement analysis. layout data extraction and pre-analysis. calculation of 
transmiss ion line parameters, simu lation of reneet ion- and crosstalk-effects, and for the 
simulation of radiation and irradiation phenomena. Furthermore, a tool for the comforta­
ble graphical post-process ing of simulation results and measurement data, a simple sche­
mat ic and layoll t edi tor for fust trial - and error simulations as well as an EMC-device­
library are included. All these tools were integrated in order to obtai n a homogeneous 
env ironment wh ich can be used by experienced as we ll as by unsk illed users. Due 10 
intensive contacts to and excellent coope ration with printed circuit development depart­
ments of Cad lab's industrial partner SNI a lot of experience was gained from real life 
industrial projects which was consequen tly exploited for improvement and enhancement 
of the software in order to obtain product maturity. 

For industria l and commercial exp lo itation of the EMC-Workbench. a new Electronic 
Design Automation (EDA) company - INCASES Enginee ring G mbH - was fou nded in 
November 1994. INCASES took over the proprietary fights of tbe EMC-Workbench and 
is now commerc ializing the software. As mai ntenance and funher-devc lopment of the 
software requires a lot of EMC-re[evant knowledge, the major part of the EMC-Work­
bench deve lopment team moved to INCASES and is st ill closely cooperating with the 
Analog System Enginee ring group. Th is spin-off is an excellent example for the explo i­
tation of Cad Jab's R\&O resu lt s and marks a significant mi lestone in Cadlab's hi story. 

The new Object ive of the Analog System Engineering group is the development of lools, 
methodolog ies, and strategies for Ihe EMC-adequate des ign of ent ire electronic systems. 

5.2 Baseline 

During the des ign of electronic components, subsystems (modules), and systems phys i­
cal effects of thermal , climatic, mec hanical , as well as o f electromagnetic origi n have to 
be taken into account in order to be sure that the system 10 be developed meets all 
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requirements after manufacturing. Especially the ongoing complexity, miniaturization, 
integration density, and process ing speed of any electronic equipment , which are neces­
sary to provide the required performance and low production costs, lead to an increasing 
sensitivity with regard to electromagnetic interference. All effec ts and di sturbances of 
thi s orig in and all measures which are necessary to reduce or minimize the effects or 
their consequences, arc covered by the term ElectroMagnetic Compatibi lity (EMC). 
EMC-cffects (e.g. renect ion. crossta lk, current spikes. delta- i-noise, electrostatic di s­
charge, radiation, etc.) may cause malfunctioning on component-, subsystem-, and sys­
tem level. These interference effects are no separately occurring phenomena, but they 
have to be considered as significant properties of a particular design and therefore. EMC­
effects arc design relevant subjects. Targeting at a sufficient functionality of the entire 
system, the deve lopment- and design proces~ has to consider EMC-uspccts and given 
EMC-standards. Among these functionality aspects al so the securit y and quality of elec­
tronic products Illay strongly be influenced by EMC-effects and natiomll as we ll as inter­
national regulations (c.g. European Community Counc il Directive 89/336/EEC) were set 
up. Moreove r, European EMC-requirements (CE-conformity) will force designers to 
apply EMC-adequate design and analysis methods to the various design stages as early 
as possible. EMC-problems cannot be solved by conventional design methods because 
the already increasing integration densities at <Ill design levels lead to difficult ies in 
detecting EMC-eOccts by measurement taking also into account general restrictions of 
measurement procedures due to costs, poss ibilities as well as development -time con­
straint s. 

Considering these technic<ll and economical requirements the development of software 
tools, methodologies, and strategies for the EMC-adequate design or electronic systems 
becomes very import;'lIlL Currently the major part or the functionality of an entire system 
is most ly provided by printed circuit boards which are therefore of spec ial interest. These 
modules or subsystems can be designed EMC-adcquate using the EMC-Workbench. 
which was developed in recent years. After thi s first and successfully reached milestone 
the development or appropriate tools and methodologies for the EMC-adequate design of 
entire systems is the objective of the Analog System Engineering group. For thi s reason 
a lot of experience and knowlcdge gaincd during the development or the EMC-Work­
bench will be transferred to this extended problem area. This me<lIlS that new methods 
and algorithms will be developed and already ex isting ones wi ll be improved and further 
developed in order 10 meet the enhanced demands resulting rrom the analYSis of entire 
systems. Due to the complexity of thi s task the global objective hus to be subdivided into 
partial ones. For this re;'lson the future work focuses on fi ve main topics which are given 
below. 

• Tools and Rules: 
Development or algorithms (e.g. for characterization of transmission lines. simula­
tion of conducted wave propagation, etc.). simulation tools, and pre- and post­
processing tools as well as rules for a correct application of the simulation tools. 

• Numerical Field Computation and Application: 
Development of methods. algorithms, and software tools for the simulation and anal ­
ys is of radiation caused by complex systems and subsystems. Furthermore, the devel­
opment of appropriate measurement methodologies using fie ld scanners and TEM 
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• 
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and/or GTEM cells for the validation of simulation results as well as for combined 
measure ment-s imulation analysis methodologies belong to this task. 

Modell ing: 
Deve lopment of mode ls for digita] and analog components and integrated ci rcuits as 
well as for modules. Furthennore, the development of modell ing strategies and tools 
or environments for an (semi-)automatic generation of macromode l-structures are 
important subjects within this area. 

Rule Based Advisory System: 
Development of des ign rules, strategies for their application. and appropriate advi ­
sory system components for the support of an EMC-adequate design of systems and 
subsyste ms. 

System Des ign: 
Developmcnt of the System-Workbench, which requires the results of all main tasks 
mentioned above. Furthermore. the modelling of design processes, deve lopment of 
strategies for system design and system planning are main subjects of thi s area. 

These working arcas can be de nned as the basic fundamental s for the EMC-adequate 
system design and they will also be the basis for the necessary restructuring and new 
adjustment of Analog System Engineering. 

5.3 Work During the Report Period 

During the report period work focused on two main topics. The first onc was the fu.ther 
deve lopmcnt of the EMC-Workbench for EMC-adequate des ign of printed circuit boards 
and the application in industrial applicati on projects. 

Secondly. the work was concentrated on first investigations of bas ic fundamenta ls in the 
area of system design. The concept of the Microsystcm-Workbench. described in the pre­
vious annual report was rurther developed in order to obtain the basis ror an overa ll Sys­
tem-Workbench. In thi s frame a generali zed design process has been defined which can 
be used 10 illustrate and model the design- and deve lopment process of arbitrary systems, 
microsystems included. In order to start optimizing the EMC-bchaviour of a system 
already during the planning phase, an EMC-optimizat ion model has been developed 
which can be integmted into the generali zed design process mentioned above. As the 
accuracy of simulation of electromagnetic interference effects depends significantly on 
the quality of available simulation mode ls for components and modules, a lot of effort 
has been spent in developing appropriate (semi-)automati c methods and procedures for 
the generation of macromodel structures and the ir parametrization. In the area of rule 
based advisory systems the experience and knowledge gained from EMC-adequate 
design of printed circuit boards was used to define and to develop an EMC-review proc­
ess which consists of different characteri stic phases. This review process will be the 
basis for the future research and development activities in the area ad visory systems. 
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5.3.1 EMC-Workbench 

5.3.1.1 Functionality and Structure 

The EMC-Workbench consists of a set of tools for the anulysis of EMC-problcms on 
printed c ircuit boards. The EMC-Workbcnch operates as a general superior 1001 and pro­
vides the following funclionalities: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Placement analysis. 

Layout data extraction and rule-based layout analysis. 

Simple schematic and layout editor for fast trial- and error 5imulat ions. 

Calculation of transmission line parameters. 

EMC-l11ucromodellibrary. 

Reflection- and crosstalk analysis, 

Simulation o f rad iation and irradiation efrecls, 

Interfaces to different layout systems, 

Integrated. open environment. 

With regard to the large number of EMC 100[S, the complexity of the tool s and Ihe analy­
sis and design task itsclr, and the amount of opportunities to perform an appropriate 
EMC analy~is, the user of EMC analysis software needs support in orde r to process the 
design and analysis tasks successfu lly and in an optimal way. This support is given by 
the EMC·Workbench. It provides the user wi th a framework and an analysis-flow shown 
in Figure 17, that allow an easy handling of the integrated tools and the generated data. 
Additionally, it prevents an incorrect or inappropriate usage. 
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Figure 17 : Structure of the EMC-Workbench 

The user-interface of the EMC-Workbcnch is represented by an ergonomically designed 
graphical desktop (Figure 18). The major dialogue-Objects are popup-menus, formulas, 
and command buttons. The EMC-analysis now and the respective result versions are 
presen ted by the desktop of the EMC-Workbench. In the following the functionality and 
the tool s of the EMC-Workbcnch are described in detail. 
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Figure 18 : Desktop of the EMC-Workbench and a Simulation Result 

5.3.1.2 Perennials of placement data considering EMC-aspccls 

MANDI enables a fast prc-analysis of the component placement with regard tQ the 
expected nel-Iengths and the corresponding signal-delays. Moreover, a prc-aJlalysis of 
reflection effec ts is o ffered. The description of the placement 10 be analysed is performed 
using the SULTAN-format which is an ASCII-format describing all EMC rcicvunt peB­
data. SULTAN is also the basis for all further layout-analysis steps within the EMC­
Workbench. The resuhs of this pre-analysis are structured in lists and diagrams which 
can directly be integrated into the corresponding project documentation. 

With the aid of MANDI two-point-connections, (onc input! onc output) as well as any 
multiple-point-connections can be analysed. The length- and signal-delay approx imation 
is based on Manhauan-Distanccs (orthogonal projection) as illustrated in Figure 19. 
Hereby, an optimal chai n routing is Hssumed for the analysis of multi-point-connections. 
Passive Hdaption and termination networks can also be considered. The renection analy­
sis of two-point-connections is based on an approximation of the expected vo lt age 
Hmplitude concerning under- and overshoot. Hcrcby, the output-resistance of compo­
nents. the characteristic impedance of the connecting transmission lines :.IS well as pas­
sive circuits arc considered. 

46 



• 

D 
-----------

Figure 19 : Manhattan-Dishmce of ~I two-point-connection 

5.3.1.3 Layout data extraction, analysis ~lIld gcnenltion of simulator input 

The task of the Layout Data Extractor (LOE) is 10 provide geometric relations between 
all objects of a printed circuit board layout (pin .. , vias. transmission lines, layer, CIC.). 

LOE provides the neutral interface SULTAN. Every commercial available layou t soft­
ware can be adapted to thi s interface. 

During the Layout Data Analysis (LOA), the layout i!-> pre-analyscd with regard to 
reflection- and crossta lk effects. Thereby. among others. linc lcngbts (in dependency of 
Ihe technology of the dri ver and the parameters Zl) and ",,11) as well as spacing and cou­

pling-length of transmission lines arc compared to technology*depcndent crit ica l limits. 
The goal of thi s pre-analysis is the classifiC<llion of the layout into critical and non cri ti­
cal transmiss ion lines. Crit ical transmission lines are then analysed more thoroughl y 
with appropriate "imut:lIion programs. 

With the help of the Simulator Input Generator (S IG), the extracted layout data arc pre­
pared for simulation. Thereby. crilic<l1 transmission lines as well as sections selected by 
the user, can be analysed in more detail. 

5.3.1.4 SCALOR - Schematic and Layout Editor 

The examination of printed circuit boards with regard to EMC*problems by simu lation 
of s ingle cri tica l nets often requires the construction of a non-critical EMC-solution iter­
ative. Also, certain EMC-rneasu res have been applied to Ihe net under examination. A 
new simulation has LO be started with these modified nel data. These actions have to be 
repeated iteratively until the net shows lhe wanted EMC-behaviour. Using a complete 
schematic and layout system, this iteration would take up too much time because Ihe 
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whole PCS always has to be analysed. Also direct ed iting of the simulator inpUl file is to 
much complicate and time-consuming. Therefore the EMC-editor SCALOR has been 
built. 

o 

Sultan Header 
Yer a lon 1.3.3 
DIU 
Conv .. rter M..... UI( 

Conv .. r t .. r v ..... ion 
Oat .. of Cre.t Ion 
11" __ o f C .... tor WE 

Cr.ator veralon 3.43 
Unlt INCH /l0000 

: JM4G y: lGIJ2l 

h l..,t..d (A1I<Jth: U II1OIIIJIOOOI 

"'" 

Figure 20 : User interraceorSCALOR 
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This ed itor contains the most important schematic and layout ed itor functionalities which 
are ~lcccss ible by an ergonomic designed user interface. Essential EMC-me:'lsures that 
can be e.ls il y realized by SCALOR in single or coupled nets to reduce crosstalk and 
reflection problems are for example: 

• 

• 

• 

• 

• 

• 

insertion/change of components (resistance, capacitor, diode, driver, receiver). 

movement/extension of transmission lines, 

modification of component and pin parameters (macromodel name and type, resist­
ance or capacitance value, etc.), 

change of the layers of transmission line vectors, 

change of geometrical transmission line parameters (width, length), 

change of layer st ructure parameters (substrate height. copper height or er). 
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The input-data format of SCALOR is SULTAN. Aftcr editing or modification , the new 
layout-confi guration again will be stored as a SULTAN file. 

5.3.1.5 Calculation of transmission line parameters 

The calcu lation of transmiss ion line parametersis is performed by TALC. which calcu­
lates the e lectrical parameters (capacitance and inductance per unit length) of single and 
coupled transmission lines (microslrip system line- or multi layer structures). 
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Figure 21 : Cross-seclion of a printed circuit board 

The ca lculated parameters are required for the signal-integrity imalysis of transmission 
lines us ing the s imulator FREACS. The I)umclil:al algorithm is ba!loed on the OOllndary­
Element-Method which is used to solve the Laplace-Equation which describes the prob­
lem without significant loss of accuracy if quasi-TEM wave propagation can be assumed 
on the transmission lines. For applications in mllltilayer-technology, transmission lines 
within material s of differe nt dielectric properties can be analysed. Thereby. the innuence 
of various material conditions of different layers on the electric characteristics can be 
determined . The layer geometry and the sllbstrate conditions arc dcscribed by a special 
input language. Within the EMC-Workbench, the necessary input data for TALC are 
automatically generated. The cross-section of transmiss ion lines can be given by any 
closed polygonal connection. In thi s way. the effects of production tolerances on the 
electric characteristic s of the respective transmission lines can be determined . Addition­
ally, the geometrical parameters for a layer definition with constant characteristic imped­
ances (controlled impedances) of all s ignal lines can be determined by TALC. 
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5.3.1.6 Simulation of reHcction and crosstalk effects 

The simulator FREACS supports the analysis of the transmission line behaviour of com­
plex circuits and systems on printed circui t boards. The simulator enables an efficient 
ana lysis of renection- and crosstalk-effects considering the non- linear characterist ics of 
terminations. 
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Figure 22 : Partitioning of a system of transmission lines 

The description of the simulated transmission line system is perfonned with the help of 
TANDEL (TrAnsmission line Network DEscription Language). The structuring of the 
network description into main- and subblocks guarantees a good readabi lity. Within the 
EMC-Workbench, the TANDEL-Script is automaticall y generated from the layout data. 
With the help of FREACS. lossy as well as lossless coupled transmission line systems 
can be ana lysed. FUllhennore, il is possible 10 cons ider different linear and non linear 
components during the simulation. Macromodels, wh ich are especia lly developed fo r 
Ihis simulator. are referred 10 ror the modelling or digital components. They describe the 
non linear characteristics of lhese components. Discontinuities, e.g. bends, vias, etc. can 
be considered by quasi-static descriptions. A special simulation algorithm enables an 
optimal adjusted step size for the evaluation of all circuit-. termination-, and discontinu­
ity areas. With a circuit partitioning it is furthermore possible to calculate areas with only 
linear elements with a fast linear equation method. Due 10 these spec ial characteristics. 
FREACS needs fa r less computation li me than comparable simu lation programs. 

5.3.1.7 Macromodel-Library 

For the simulation of reOection- and crosstalk erfects on transmIss Ion line systems 
including c ircuits with a non li near behaviour (e.g. digital components), ord inary simula­
tors (SPICE, etc.) need a high computation time because in general the descript ion of the 
components is very complex. The numerical effort can be reduced enormOUSly, if the ter­
minations arc described by appropriate macromodcls. These models provide a simple. 
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• 

but sufficiently exact description of the input-and ou tput behaviour of (digital) compo­
nents. 
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Figure 23 : Macrolllodel representation of digita l inputs and outlmts 

The macromodcls used by FREACS describe the behaviour of the components with 
regard to the Sialic and dynamic input behaviour (input model) and the stat ic and 
dynamic outpu t behaviour (outpu t model). Thus, the transient behaviour of the non li near 
components is de~cribed in detail. 
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Figure 24 : Model verification by measurement 

Figure 24 shows the simu lation resu lL or a macromodel representing a driver module in 
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HCf-technology in comparison with corresponding measu rement results. The parametri­
zation of the models was made using measurement techniques as well as SPICE-based 
simulations. The quality and accu racy of the model s was va lidated by variou!-' applica­
tions and eva luation projects. 

A macromodel-library with a ll standard components fo r the standard technologies is 
available in the EMC-Workbench. If a mooc l for a component is not available in the 
library. (he user of the workbench can create hi s own si mplified model. This can be done 
on thc basis of dala sheet information or model description in IBIS- format (110 Buffer 
Information Specificat ion deve loped by a group of EDA and semiconductor vendors) 
withou t any large effort. 

5.3.1.8 Simulation and analysis of radiation and irradialion efTccls 

The tool COMORAN al lows to calcu late the e lectromagnetic behav iou r of three-dimen­
sional transmission line structures. Additionally. conducting planes of finite size (i.e. 
GND/VCC-planes) can be taken into account. By application of this tool the engineer is 
able to check and remove violat ions of the legal requirements (EMIIRFI limits) before 
prototyping the actu al printed circuit board. 

In a fi rst step during a simulation run. the necessary p:Jrameters are set up (geometrical 
dma specification, excilations) before the cu rrent distribution of a ll conductin g areas is 
calcu lated. For example, by means of the current di stribution a reflection :'lI1d crosstalk 
analysis can be carried-out. Then the electromagnetic fields for any observation point of 
the near and far field regions can be calculated (Figu re 25) and compared with the given 
standards (e.g. FCC, C ISPR, etc.). 

The mathematical prob lem is desc ribed by means of the 'Electric Field Integral Equa­
tion' (EFl E) with in the frequency domain. An approxil11ati ve so lutio n of tile integral 
equatio n is obta ined by appl yi ng the Method of Moments (MOM). By this, cOl11l11on 
mode and differential mode radiation is considered. The user can select va ri ous basis 
functions fo r modelling the current <.I i~tributiUl\. All auto matic se lection of optim um 
basis functions is also poss ible. Current ly, B-Splines up to third degree arc implemented. 
The radiation behaviour of act ive transmission lines located near a conduc tive wa ll with 
apertures of various s ize. number, and shape can also be analysed. This allows an optimi­
zati on of ape rture arr:.lys regarding their radiation behaviour. The radiation through arbi­
trary apertures of enclosures (of electronic systems) can also be examined. Trans ient 
signals (e.g. caused by swi tching events) can be treated by using the inverse Fourier 
Transformation . The impact of dri vi ng gates is characte rized by the typical rise time o f 
the appl ied technology. 
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Figure 2S : Spectrum (magnitude) of the cartesian components of the electric~11 
field strength caused by ~I tr~msmission line system on a printed circuit board and 

FCc/CISPR limits IExl: """"IIE,I: -, IE,I: -

5.3.1.9 Graphical representation and post·processing of simulation results and 
measurement dat;.l 

Due to the diversity and large amount of data which accumulate during the design and 
simulation of systems. modules, and components, it is necessary to process them with 
graphical methods in order \0 be able to provide an accurate data analysis. For the 
acceptance of such lools it is inevitable to provide an ergonomic user interface. that is 
similar 10 the usual environment (e.g. oscilloscope) of the designer or engineer, respec­
tive ly. These requiremen ts arc fulfill ed with the tool AnaRes which is based on X-Win­
dUW1lo. It is used for the prescmation and analysis of data which arc creatcd by technical 
and scientific app lication so ftware. Furthermore, the ana lysis o f measurement resul ts is 
possible. The tool orfers a di versi ty of presen tation and process ing opt ions. The arrange­
ment o f the diagrams is done according to DIN. In addition 10 the representati on o r data 
in form of curves, an :'lIlalys is can be made by applying mathematica l operators. An ergo­
nomicall y des ig ned graphical desktop is available as a user interrace. The main dialogue 
objects are popllp-menlls, ronnulas, and command bUllons as well as the ac tual di::lgram 
objects (axis. curves, text ele ments). The interrace can be adjusted to the specifi c needs 
or the customer with the help or various confi gurati on options. AnaRes support s the 
processing of input dat::l in CSDF (Common Simulation Datafile Format) and in ARDF 
(A naRes Datufile Format for any structu red data). A postscript interr::lce is implememed 
for the outpu t of diagrams. The postsc ript output can be printed or archi ved for fUl1her 
documentation. 
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Figure 26 : User interface of Ana Res 

Framework - Integration of the EMC-Workbench 

The integration basis of the EMC-Workbench is composed by using the development kit 
of CAX framework SlFRAM.E which is based on the JESS l Common Framework JCF. 

The user interface consists of a desktop which is set up according to modem technology. 
The user operates on this desktop with icons, popup- and pulldown-menus. The input can 
alternatively be done by command buttons or function keys (expert modus). The desktop 
can individually be adjusted to the specific needs and wishes of the user. The variety of 
the managed information is clearly presented by an advanced window technique. The 
set-up and the presentation of all structures is done graphically. Thereby, the overview of 
the EMC-analysis (projects) is improved. The current status of a project is available at 
any time. The design management allows 

• the integration of SW-products and applications in various forms, 

• the management of data communicat ion among the di fferent tools, 

• the administration and management of design flows and 

• the display of the development status of a project 

The object-oriented database-management component (OMS) provides the consistency, 
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security, and no redundancy of all data. Thc data transfer between the framework and the 
applications is guaranteed by thi s component. 

5.3.1.10 Application Example 

The usage of the EMC-Workbench is shown by the analysis of a clock signal li ne with 
regard to reflection and radiation. 

MC68882 

TY-124 
~ • 

I 
TR-124 

MC68030 .. ~ 
i 74AC86 ... 

Figure 27 : lbpo]ogy of the examined nct 

With the Layout Data Extractor (LOE/LOA ), all EMC-relevant data (component infor­
mation, geometry of the lines, layer definition, vias, etc.) and the physical set-up of the 
respecti ve printed circuit board are ex tracted from the entire layout data. Subsequently, 
the pre-analysis of the extracted layout data is carried out with regard to lengths. During 
this pre-analysis, the arrangement presented in Figure 27 is recognized to be crit ical. 
This net consists of a driver (74AC86), two receivers (MC 68 030, MC 68 882), and sev­
eral transmission line areas with different characteristic impedances and phase veloci ties. 

During the following step, tbe characteristic impedances .md the phase velocit ies for 
these transmission line areas are calculated with the tool TALC. After thi s, the corre­
sponding FREACS input dala file is gene rated with the help of the Simulator-Input­
Generator (SIG). The results of the simulation with FREACS for the respective arrange­
ment are shown in Figure 28. A significant overshoot and undershoot is vis ible. They are 
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caused by the impedance mismatch of the driver and rece iver to the characteristic imped­
ance of the transmission line. 
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Figure 28 : Voltage at the driver and receivers 
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Figure 29 : Spectrum (magnitude) of the magnetic field strength 

The spectrum of the magnetic fie ld 111 a di stance of 10 metres from the respecti ve 
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arrangement is shown in Figure 29. This result was ach ieved with the tool COMORAN. 

For a reduction of the undesired reflection effects on the clock net, a serial resistor of 
47 n is inserted directly to the output of the driver 74AC86 in order to improve the 
matching of the output to the transmission line. Figure 30 shows the relevant reduction 
of the reflection effects. 
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Figure 30 : Voltages or the modified subnet 

The spectrum of the magnetic field is also influenced by the seria l resistance. The maxi­
mum is reduced by approximately 20 dB ~/fI/ (see Figure 3 1). 
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Figure 31 : Spectrum (magnitude) of the magnetic field (modified sub net) 

The use or the EMC-Workbe nch allows to improve and 10 control the EMC-behaviour or 
prin ted circuit boards during their design berore manuracturing a prototype and time­
and cost intensive measurements for detecting errors occurring with regard to EMC­
effects can be avoided. Furthermore, by reducing the number or redesigns the develop­
ment time (time to market) or the product is reduced. which leads again to a significant 
reduct ion of costs and to competit ive advantages. 

5.3.2 Application of the EMC-Workbench for EMC-Adequate High-
Speed Boa rd Design 

Duri ng the current report period various projects or the SNI development departments 
were supported. A lot or projects dealt with the analysis or the signal integrity (timing, 
renection and crosstalk behaviour or e lectrica l nets) or typical and/or standard arrange­
ments used on high-speed printed c ircuit boards of midrange systems. The expression 
high-speed means the applicat ion of new and fast technologies (e.g. Iow vo lt age technol­
ogy) which allow on the onc hand the required performance bu t which are extremely 
sensit ive aga inst any electromagnetic interrerences and thei r effects on the other hand. 

Typical examples of investigated arrangemen ts were backplanes, data-buses. and mem­
ory modu les. These configurations were ana lysed in order to improve and optimize the 
signal behaviour or critica l or sensitive nets (c.g. clock lines). The investigations were 
based on simulations which were partially va lidated by measurements. The results were 
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used to set up design-rules and guidelines for the placement and routing process and for 
the generation of optimization measures for concrete signal integrity prob lems on printed 
circuit boards. Here, a lot of improvements to be realized by additional matching termi­
nations andlor layout modifications could be suggested. During the analysis the dynamic 
input and output behaviour of the components were taken into account by the set up of 
approprimc models for the used components. This modelling effort was necessary 
because a lot of components on high-speed printed ci rcuit boards are company specific 
and therefore, they are nOl included in the macromodel-library of the EMC-Workbench. 
Furthermore. the operating mode of coupled nets (unidirectiona l or bidirectional switch­
ing mode) were taken into account in order 10 guarantee an error free operation also 
under worst case conditions. 

Besides these application areas also rules and guidelines for the definition of the layer 
structure for controlled impedance printed circui t boards were generated. This task was 
executed by a tolerance analysis. which was based on a variation of different geometrical 
parameters of the cross-section of a printed circuit board. By this, detailed instructions 
for pes manufacturing could be generated. 

Thesc application projects aimed in two directions. On the one hand the productivity of 
the SNI development departments could be improved and on the other hand the experi­
ence gained from the tools application could be used to improve them with respect to 
their handling and their application area. Furthennore, the analysis and design now. rep­
resented by the data-scheme of the EMC-Workbench, cou ld be checked and significant ly 
improved. 

5.3.3 EMC-Adequate System Design 

EMC-adequate system design means to consider the EMC-behaviour of the system to be 
developed during all stages of the design process. Within this eontextthe term system is 
lIsed as a synonym for any electronic equ ipment. It may cOlllain of subsystems that arc 
connected via arbitrary transmission systems. The following description will mainly 
concentrate on EMC-problems caused by conducted interference on systems level. The 
work focu~es on the integration of an EMC-optimization model into a generalized design 
process. During this description the model of EMC-optimization and the necessary sup­
port- and simulation tools are explained. In the beginning there will be a g lobal descrip­
tion of the general design process. In a second step the coupling of the EMC­
optimization process IQ the generalized des ign process will be described. 

5.3.3.1 Generalized Design Process 

The design of technical systems can be mapped onto a genera li zed design process. In the 
ven iC<1I direction of Figure 32 the design process divided into charactcri~tic design 
stages is shown. Additionally. the division of a system into subsystems and components 
is illustrated in the horizonWI direction. It appears as a recursive structure with an arbi­
trary number of partitioning levels, each beginning with the requirement description and 
ending with the system test. All design stages may be passed in severa l iteration steps. A 
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following stage can only be reached if the results of the previous one are sufficient 
enough to continue. In case, that the results are insufficient, one of the previous design 
stages has to be reviewed once more with modified parameters. In this way, different ver­
sions can be developed within one design stage. The interactive optimization covers the 
lop-down as well as the bottom-up methodology of a des ign process. 

iterative 
design 
optimizatio 0 

system subsystems 

requirement requirement 
I-description description 

specification specification l- V 
deSign design j7' fL 

implementation implementation l- f-

integration integration ~ 
validation validation I-

I"-

1\ prototyping prototyping I-

test test I-

iterative design optimization 

Figure 32 : Generalized Design Process 

5.3.3.2 Model of EMC Optimization 

components 

requirement 
I-description 

specification I-

design l-
f-

validation I-

prototyping I-
,~, I-

The model of an EMC-optimizalion and it's mapping 10 the general design process is 
shown Figure 33. On the top level the model is divided into the EMC-system planning 
and EMC-validation. It seems to be practical to make a further partitioing of the EMC­
system planning into the areas object ives/result s and activities. Within the area objec­
tives/results EMC-relevant conditions and characteristics of the system are determined. 
Moreover, the EMC-concept and integration proposals are described. The activities of 
the EMC-planning area contain a co llection of procedures to ach ieve the object ives/ 
resu lts (e.g. selection of the requirement according 10 EMC-aspects, system pre-analys is, 
etc.). In this area the suppon- and analysis tools arc integrated. 
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The support too ls and simulat ion environments needed ror the first three des ign stages 
(requirement-, spcciflcation-, and design stage) arc described in a rough structu re. 

5.3.3.4 Computer Aided Requirement Description 

The major task or a too l ror the structu ri ng or EMC-requi re ments is the setu p or EMC­
relevant data rrom the cl ients order. This can be done by graphica l desktop rormularies. 
The structure or the desktop fo rmularies are similm· to the attribute hierarchy or an EMC­
eheck list. 

5.3.3.5 Computer Support within the Specification Stage 
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Basis for the computer supporl during the specification stage are data base supported 
libraries describing complete choices of subsystems, cables and standards with their 
respecti ve data. With the aid of the data from the requiremen t description the tool is ablc 
to determine the applicable standards from the library. These standards and data from the 
requirement description limit the number of subsystems and cables for the system to be 
designed. This limi ted number is offered to the designer via a suitable desktop. In this 
way subsystems and cables which do not meet the requirements given by the EMC-rele­
vant data from the requirement description and the relevant standards cannot be chosen. 

Moreover tools are necessary that allow an EMC-prediclion. A possibility for the presen­
tation of the EMC-relevant context is the introduction of influence matrices. The compu­
ter aided setup as well as the filling in of these matrix- formul aries enables an efficient 
EMC-optimizalion process. 

Simulation Environment 

In the stage 'design' no exact geometrical data of the system exists. Therefore, an analy­
sis of the EMC-siluat ion of the system is not possible, but parameter examinations can 
be done. They allow to fix boundary values being of imporlance for the part itioning and 
the req uirement description of subsystems under EMC-constraints. The setup of the zone 
model and the looking for relevant intra-system-measures may profi t from these studies. 

Geometry I Routing -Data 
(cables) 

Macromodels 
(Termination) 

Cable -Data-Extraction - Cable-
Preanalysis Library 

I 

Graphical 
Simulator- Transmission Presentation 

Input- f- Line f- of 
Transmission-Line- - Generator Simulation Simulation 

Calculator Results 

Figure 34 : Simulation tools for transmission line analysis 

Figure 34 shows the most important moduls of a simu lation 1001 ror Transmission Line 
Analysis. Beginning with the data supplied by a routing system and a cable library a data 
process ing is necessary. The pure geometrical data are transformed into logical connec­
tions by the data extractor. The next step is the ca lculation of the electrical transmiss ion 
line parameters 'characteristic impedance' and 'phase veloc ity'. Here. a TEM wave 
propagation is assumed. In put files for the simulators can be generated from transmiss ion 
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line parameters and the extracted geometrical data. Current ly the simulators FREACS. 
COMORAN and Spice are supported. They need fo r the simulat ion of propagmion and 
radiation characterist ics models for transmission lines and terminations. These models 
will be made available by a macromodellibrary. In order to present the simulation results 
in a user friend ly way. the application of a technical-scien tific user interface is planned. It 
will present the results in cal1esian charts, polar and Smith-charts. Aim of the tool is to 
display the results of the simu lation at the design stage as well ao; the results of the analy­
sis in the validation Mage. 

5.3.4 Rule Based Advisory System 

The si mulation of physical effects, which Illay be o f thermal, climatic. mechanical or 
electromagnetic origi n. reaches its limits with rising system complexi ty becausc of high 
computation time, high number of datu nnd huge numerical problems 10 be solved. 
Therefore. the design of systems, subsystems (modules). and components has to be sup­
ported by rules and application knowledge. This support can be provided by rule ba'\ed 
udvisory systems which nllow <l lime and cost efficient design and development or sys­
tems and subsystems. 

In the area or EMC-effects on printed-circuit boards the concept of an EMC-advisory­
system has been developed which is introduced in the following. The idea in thi s concept 
is to rebuild the general procedure o f EMC-cxpeI1 s. Afterwards an overview about the 
primary stage (transformntion) of the EMC-review process is g iven. The goal o f the 
transformation stage is to reduce the complexity of a given net withou t changing the 
original EMC-characteristic. The next paragraph gives an overview on the parameter 
variation 1001 RAFIG . Using this tool parameter studies can be performed to examine 
refleetion-effecto; in digital circuits. This allows the development and verification of mles 
for knowledge-based ana lysis procedures. Atlasl the results from examinations o f reflec­
tion-cfrects in three-point nets are presented. These examinations espec iall y deal with 
the influence of the net topology on the reflection behaviour and show the great impact 
between them. 

5.3.4.1 EMC-Rcvicw Process as basis of an EMC-Advisory-Systcm 

Nowadays, the EMC-optimizalion of PCS-layouts is carried out quite often with va rious 
manual operations which need lesl-bonrds. Fast changing market conditions require a 
more systematic appro<ich. The aim is that as many tasks as possible should be done by 
an advisory-system automat ically or p<ll11y automat ic, instead of speciall y skilled 
experts. The EMC-expert should have the possibility to conccntrate on those cases that 
can not be treated automatically. An automatic localisation or the no ise problems as we ll 
<is the explanation of sui table steps for the improvcmcnt and thei r validation arc requ ired. 
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General Procedure of EMe-Experts 

The voJtages of single subnets in a layout can be calculated by simu lation, appropriately 
for EMC examinations. A reflection examination especia lly of complex subnets is very 
tedious if only simulators are used. An EMC-expe11 cannot assign calculated interfer­
ence effects and their noise sources if they excced a certain complexity. The evaluation 
of measures for the avoidance or reduction of reflections is only possible if the nets are 
quite simple and the quantity of nets is limited. Therefore, the ex pen tries to reduce the 
subnet complexity by well-known partitioning strategies. The net structure is simplified 
until the expert recognizes.l known structure. During this transformation the main char­
ac teristics necessary for the analysis and diagnosis are maintained because appropriate 
rules and heuristics are selected. 

The structures known by the expert form classes of net types. The examined subnet can 
be mapped 011 these net types if appropriatc net transformations are used. The informa­
tion aboutlhese net types enables the expert to carry out further examinations. The valid­
ity of the net transformations carried out before is the basis for the results being also 
valid for the considcred subnet. The two stagcs '·Classification" and 'Transfonnalion" 
can be distinguished. 

Classification: Often experts have heuristic knowledge with regard to net classes show­
ing the same behaviour concerning the examined interference. So the procedure is to 
classify the examined net. If this is done sllccessfu lly, an analysis of the net after the 
characteristics of the class is possible. Otherwise, the expen will try 10 simplify the net. 

Transformation: The expert recognizes in a net effect that can be obtained in .1 more 
simple way. Often ncglectable electrical shon transmission lines occur, for example, or a 
net has more than onc receiver, which can be collected lo an accumulation group. After 
each failure of classification the ex pen decides whether the application of a further trans­
formation method to simpli fy the net is necessary or not. 

The EMC-Review-Proccss 

With the EMC-review a model for the systemati c extension of external data as we ll as 
the knowledge acquired within the EMC-advisory-system is introduced. The EMC­
review process is realized through the EMC-advisory-system and is va lid for the exami­
nation of interferences on PCSs. Therefore, the following five phases can be distin­
guished. whereas thc rules developed concerning the electromagnetic compatibi lity are 
pan of every single phase. 

64 



Transformation 

Classification 

In the review~phase transformation the input 
data arc rearranged for furthe r invest igations. 
The transformation reduces the complexi ty of 
H net withoLLt changing the relevant EMC~ 
behaviour. 

The classification relates the transformed net 
to a class of nets appreciable to the observed 
EMC~behaviour. A class provides daw which 
enable Sli.ltements concerning the foJ1owing 
stages "analys is", "diagnosis", and "propos~ 
ing of measures". 

The amllysis of a subnet examines whether 
the respective EMC~interferenee effect!o. have 
an impact on the runctionality orthe subnet or 
the whole circuit. If a failure occurs the sLlb~ 
net is classified as criti ca l. otherwise as 
uncritical. 

In the diagnosis only those subncls are cxam~ 
ined which were class ifi ed as critical in the 
ana lysis phase. The aim is to obtain knowl~ 
edge about the cause and location of the deter~ 
mined noise effects. 

On the basis of the diagnosis phase different 
measures are selected which should causc a 
reduction or an avoidance of the determined 
noise effects. This phase is called proposing 
of measures. 

In the phases of the EMC~review process, reflections, crossta lk and other EMC·effccts 
are checked separately. In pntctice. however. the sum of the noise vo ltage caused by all 
occurring EMC·efrects should not exceed a given maximum value in a subnet. This 
value depends on the noise margin of the digital gates used in a PCS des ign to be inves~ 
tigated. Therefore. it is necessary to account for the noise impact of all occurring EMC­
effects in concen. This is possible by specifying an EMC-balance for each signal. The 
EMC~balance determines for each signal , which portion or the overall noise is allowed 
for the separate EMC~errects. 

5.3.4.2 Realization of the Transformation Phase 

A necessary precondition for the reali zation of the transformation phase in a software 
tool is the exact analysis of the procedure of EMC-expcns. Although single transforma~ 
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tion steps are modelled by methods able to be parametrized, the primary design of this 
transformation method can only be a first approach to the desired behaviour. The exact 
coordination of si ngle methods and the transformation stage as a whole can only be 
reached by a constant dialogue with EMC-experts. Besides the expel1 dialogue evalua­
tion tools can be applied at this validation, like simulators that can give usefu l hints at the 
analysis concerning relevance and correctness of the used transfonnation method and its 
paramcterization. The knowledge acquisition necessary for the realization of the trans­
formation phases is not a linear process. But it is aimed at the realization of a system that 
can be oplimized in its behaviour time after time. Hereby, results can be imagined at 
which the selection of transformation methods or their parametrization in dependencc on 
obvious net attributes can be driven by rule-based knowledge components. 

With the transformation tool T08 (Transformation Of Subnels) a software 1001 is under 
development performing the transformations without changing the principle EMC­
behaviour. The simplificat ions are driven by defined transformation methods (also called 
TOS-methods) where at the actual implemented version all TOS-methods operate on 
single net unit s. The TOS-methods being already implemcnted can be used for a trans­
formation within the reflection examination. T08 will completely be implemented using 
C++. 

In order to guarantee a most simple and flexible possibility for enlargement, classes are 
defined containing all attributes being necessary for the con trol of transformations of a 
sub net. 

1'OS can be sta l1ed wilh or without a desktop based on the X Window System™. BOlh 
versions have in common that the PCB descriptions are read in from a 8UL'fAN-file 
(Standard Universal Layoutinformation Transport lANguage) and converted into inter­
nal data st ructures. After the application of TOS -methods the transformed nets are again 
written in SULTAN-format. The desktop offers a variety of possibilities for control and 
parametrization of s ingle 1'OS-ll1elhods . In an object-browser transformations can be 
staned for si ngle nets or a number of nets. Through the duplication of objects and an 
individual parametrization of all transformation methods defined for each object, it is 
possib le to do severaltransfonnations being driven under different aspects. To examine 
the structure of the original and transformed nets the amount of nets can be presentcd 
graphically. In future releases of 1'OS it will be possible to involve arbitrary evaluation 
tools that su pply SULTAN as standard interface format. So. TOS offcrs a great number 
of possibilities for manipulations of nets varying in sequence and parametrization of 
TOS-Jllethods. Moreover, the result of transformations can be validated with different 
evaluation lools. 

5.3.4.3 Rule And Freacs Input Generator (RA FIG) 

RAFIG enables the user to examine the reflection behaviour of arbitrary net structures 
due to single parameters. The aim is to get rules for a correct layout-design, and to scale 
measures for the improvement of the reflection behaviour. Because of the user-friendl y 
desklOp of the parameter editor cope it is also poss ible to generate sing le input files for 
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the simulator FREACS. Therefore it is not necessary to have exact knowledge about the 
simulator input language TAN DEL. 

~----~T~rn~"·"'~'i·~~i"·"~Ii·,,<~---1~ 

NHpararn.-t.-r 
InpU! 

Simlllil.liQIl 

En.lua!io .. 

-----<~.p=~-----lr~-----------
II.·p .... ·~. ntat,on : ... 

'''''';' '. 
c • • 
;~. ' .. ..' . ..... . ....' ­.-

Figure 35 : Concept of RAFIG 

The structure of RAFIG is presented in Figure 35. In the first step the parameters of a net 
are defined using the paramcter edi tor COI)c. A parameter range can only be ass igned to 
two of the net parameters at most. For each equidistant support-point of these parameter 
ranges time dependant voltage flows of the parametrized net are simulated with 
FREACS in the nex t step. Arterwards RAFIG evaluates characteri stic va lues of the 
simulated vo ltagc fl ows suitable to judge the reflection behaviour. The result of this eval­
uation can now be presented with the graphic tool Ana Res . Hereby the se lected charac­
teristic va lue of the temporary voltage flows in dependence of the varying parameters are 
presented. 

5.3.4.4 ReHcction Behaviour of Three-Point Nets 

In this work the reflect ion behaviour of three-poin t nets was examined. Transmission 
lines were examined on which only Quasi-TEM-modes we re propagating. The transmis­
sion lines were terminated with res isters. Therefore. the e ffects of all net parameters of a 
three-point net on the reflection behaviour were ana lysed. 

The net parameters were identified and the ranges 10 be examined were defined by tech-
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nical relevant data. The examined parameters are: 

• 

• 

• 

• 

• 

• 

T ra nsmit ter sou rce voltage U(/ A transformation instruction has been deve l­
oped to consider the innuencc 01 the transmitter source voltage Uq on thc volt age 
amplitude of the maximum overshoot Ul//fI)," 

P hase velocity \',,: The transformation instnlction was deductcd to consider arbi­
trary phase velocities lip at the calculation of the voltage amplitude of maximal 
overshoot UII/(u" 

Cha racter istic impedance ZL: It was detected that the innuence of the voltage 
amplitude of maximal overshoot U"w),' through different characteristic imped­
ances on the three transmission lines of a three-point net is only small in the tech­
nical relevant mnge. 

Tra nsmission line lenghts I: Concerning the delay, relations of the three trans­
mission lines areas can be defined that show a unique characteristic rcnection 
behaviour. 

Transmitter reflection coefficient r.f: The global renection behaviour of a three­
point net does not change after a modification of the transmitter reflection coeffi­
cient rs' The changed transmitter reflection coefficient rs influences only thc volt­
age amplitude of maximal overshoot. Exceptions occur at the special cases rs == 0 
andrs==-I. 

S ignal rise time 1,: The examinations have shown that the renection behaviour of 
three-point nets can only be calculated in an easy way for three-point nets with 
e lectrical long tmnsmission lines. If electrical short transmission lines have to be 
considered, a great number of influences arise that are rather complex. A transfor­
mation instnlction has been developed to calculate a changed ~ignal risc time into 
the voltage amplitude of maximal overshoot. 

Based on the gained experiences the reflection behaviour of a three-point net can be cal­
culated through algori thmic ru lcs. This approach leads to very complex algorithms when 
a three-poin t net contains e lectrical sh0l1transmission lines which means that the appl i­
cation of simulators cannot be avoided. In order to perform a fast analys is procedure 
without simulators, experiences for the establishment of a knowledge-based model were 
used that allows the determination of an approximated value for the voltage amplitude of 
the maximum overshoot in a three-point net. This model was implemented as a function 
in the programming language C. 

With respect to the difficulties that arise at the consideration of the influence of the trans­
mitter transm iss ion line length 1 and the transmitter reflection coefficient r.f on the vol t­

age amplitude o f tbe max imum overshoot, limi tations have to be accepted for the 
val idity area of the model concerning this paramete r. The model was ve rified heuris­
lically with a high number of simu lations. The occurring deviations arc Ic~s than 10%. 
Further more. a comparison was proceeded between a simulation applying a macro­
model as termination and the new knowledge based approach. The results allows an 
interpretation of the data from the knowledge based approach as an worst-case estima­
tion. 
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5.3.5 Generation of Macromodels 

Within the activities of rnacromodel development for complex analog components a tool 
to generale model structures was developed. The generat ion of model structures is based 
on the block-oriented modelling concept desc ribed in the following section. Afterwards 
the tool MASE (MAcromodelling Synthesis Environment) for the generation of model 
structures will be introduced. 

5.3.5.1 Block-oriented Modelling Concept 

AI the beginning of the block-orientated mode lling analog components are structured 
into pre-defincd classes concern ing their charac teristics and thei r func tiona l behaviour. 
The components of onc class are examined wi th regard to their input-. output- and trans­
fe r-behaviour, and the results of these examimHions are to be compared to each other. 
Special blocks are defined for common as well as for different characteristics to be mod­
elled. 

circun A circuit R circultC 

I mput Iltransfer l l OUlpul I I inpul Illransfer l l OU1I)l.ll I I inpul Il lransfer l l OUlpul I 

I I 

B input 2 traosfer 1 Irnnsfcr 2 oulpul1 [ ,::: 
Figure 36 : Example or the block definition 

Figure 36 presents an example of the block definition. The components or a particular 
class - here c'lllcd A, Band C - are analysed and compared with each other. Such an anal­
ysis may suggest that the input behaviour or component A quile close ly matches that or 
component B. As a result only onc input model is deve loped for A and B that desc ribes 
thi s characteristic wit hi n the required accuracy. As the input behaviour of part C is d irrer­
ent from both A and B a separate block has to be defined. The same procedure is appl ied 
for other characteristics like transfer or ou tput. for example. 

In order to determine matching characteristics of circuits, their behaviour is examined in 
much more detail than given in the example. The input -behaviour for instance is refined 
to a more detailed description which leads to a higher chance to find matching character­
istics. The blocks are defined in such a way that they c;.m be used for the representation 
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of simple components as well as component-internal functional units. 

An advantage of higher granularity of the behavioural characterisation is the better adap­
ti on of a macromodcl that is composed of interconnected blocks in different design 
phases. It is very diflicult to define an optimal refinement of blocks because this task 
highly depends on the circuit in question and its properties. 

The application of a block-oriented modelling methodology reduces development time 
and costs significantly, because new models have not to be designed from scratch but can 
be assembled from existing and tested parts. New designs have to be considered only for 
the peculiarities of a circuit that are not covered by existing blocks. Furthennore the def­
inition of blocks by spec ification offers the perspective of model generation by an auto­
maled connection of blocks. 

The concept of block-oriented model development of analog components is the basis for 
the tool MASE being developed for automatized model generation. 

5.3.5.2 Maromodelling Synthesis Environment MASE 

The environment MASE offers an efficient and easy possibility for the generation of 
macromodels for ana log. digital, mixed analog/digital as well as for e lect ri c and non­
e lect ric components. 

First, the user has to se lect class, type and name of the component to be modelled. The 
user has the opportunity to modify or re-parametrize an existing model for the desired 
applicalion (if an appropriate model is available in the library) or to create a completely 
new model. 

If the user chooses the modification of an ex isti ng model the specification of the model 
characteristics is required. Afte r this specification, the model will be generated automati­
cally. For the practica l application of tbe model, it has to be paramctrizcd in a fU I1ber 
step. The resu lt of the whole process is a remly to t1"e model description. which fu lfills 
the model specification. 

In case of parametrizing an existing model, the user has to specify the corresponding cir­
cuit parameters. Based on this an available model will be parametrized by transforming 
the circuit parameters into the correspondent model parameters automatically. 

The generat ion and parametrization of a model strllctllre is done by the application of the 
several components of MASE as shown in Figure 37. 
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Figure 37 : Internal st ructure of MASE 
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MASE-Kernel: The MASE Kernel consists of the tool CLIPS which was developed by 
the NASA INASA 199111992; "CLIPS 5.1 Reference Manual"'; Software Technology 
Branch; 10hnson Space Center: NASA: Houston; TX, USAI. CLIPS is used for the 
processing of expert knowledge in form of rules. The rules arc described in a special syn­
tax. CLIPS follows all the rules along the user specification and generates the macro­
model from the single blocks. At the same time an examination of consistency is done 
which shows missing inputs and eliminates false ones. 

Knowledge Base: To generate models a respective knowledge aboll t mode ll ing is neces­
sary. This expert know-how is filcd in fo rm of rulcs tlnd fae ls. The knowlcdge desc ribes 
the characteristics of the model blocks and determines the conditions for connect ing dif­
ferenl blocks to a macromodel. 

Library: The library contains different model blocks that arc needed for model genera­
tion as well as complete macromodels which can be adjusted with MASE regarding the 
desired specification. 

Parametrization: The model generation is finished by the specification of component 
parameters and the conversion of these data into model parameters. As in most cases the 
component parameters are not equal to the model parameters a transformation has to be 
done with respect to given computation rules. Therefore. the model parameters are 
described in the language SYBES. The specification of the component parameters is 
done via the editor COPE. After the specificat ion the computation of the model parame-
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ters is done automatically and finally the user has a parameLrized macromodel at his 
application. 

Further work in the improvement and enhancement of MASE consist of the development 
of a block-generator and a rule-generator. Using these tools the user shall be enabled to 
generate blocks by his own. These tools could be integrated into MASE and be used for 
the generation of models. 

5.4 Summary and Outlook 

During the report period, significant research and development progress was achieved by 
Cadlab's group Analog System Engineering in its scope of work 'EMC-adequate PCS­
and system design'. 

Considerable effort was spent in research activities dealing with electromagnetic field 
theory, wave propagation, micro wave theory, circuit Lheory. modelling of components 
and circuits, and computer science for EMC-applications. The scientific results were 
documented by a \;.lfge number of scientific publicmions and three PhD theses which 
were completed during the report period: 

• D. Theune: "Robuste llnd effiizientc Mcthodcn zur Losung von Wcgproblemen", 
Apri[ [994, 

• T. Maeser: ';Berechnung des Obertragungsverhaltens von Leistllngsstrukturen 
integrierter Schaltungen", December 1994, 

• Stefan Oing: ;'Elcktromagnetisches Strahlungsfeld elektronischer Komponenten und 
Systeme". December 1994. 

Furthermore. the EMC-Workbench, a software package for support ing the EMC-ade­
quate PCS-design, was further deve loped. The software was used within a large number 
of industrial application projects for the support of an EMC-adequate design of high­
speed printed circuit boards within the development departments of Cad lab's industrial 
partner SNI. The experience gained during these projects was consequently exploited 
and the EMC-Workbench obtained prodllctl11aturity. In order to evaluate the market for 
EMC-tools and to publish Cadlab's results, it was presented at various scientific confer­
ences as well as at commercial exhibitions and fairs. The industrial and commercial 
exploitation of the software could be realized by its transfer to the new EDA-company 
INCASES Engineering GmbH founded in November 1994. With the software also the 
major part of the EMC-Workbcnch development team moved to INCASES in order to 
guarantee the necessary know-how transfer, the further development of the software. and 
its maintenance. 

As a consequent further development of its recent activities, the global Objective of the 
Analog System Engineering group is the development of tools and methodologies for the 
design-sllpport of entire systems with regard to EMC~constraints, which also means that 
the physical realization of the system to be developed will be taken into account. The 
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aim is the development of a System-Workbench which supports the system designer. For 
thi s purpose a generali zed design process W;lS defined which allows the integration of a 
process for the optimization of the EMC-behaviour of the entire system. During the 
report period the available ex perience and knowledge, ga ined during the development of 
the EMC-Workbench. was transferred to this large problem area and basic research and 
development activities werc started in order to prepare the corresponding restructuring 
and new adjustment of the Analog System Engi neering group. 

The research activities were supported significantl y by nationally funded projects in the 
Joint European Submicron Silicon Programme (JESSI AC-5, JESSI AC-12) and the 
Microsystem Technology initiative of the German Government, Departme nt of Research 
and Technology. 
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6 Technical Management Group and Computing 
Centre 

6.1 Baseline 

The mission of Cadlab's "Technical Management Group, TMG" and the "Comput ing 
Centre CC' is to offer general services 10 all Cadlab teams. 

Main objective of the TMG Group has been the provision of support for consolidating 
Cadlab's efforts in the area of "Computer-Aided Concurrent Engineering. CACE", while 
the Comput ing Centre is responsib le for Cadlab's computing infrastructure. 

From a techn ical point of view central focus of .lttention has been the evaluation and 
preparation of sc ientific material. the establ ishment and maintenance of external con tacts 
as well as the internal coordinat ion of CadJab's R&D processes. Driving force of all 
these activities has been the request for crealing an appropriate environment for the fur­
ther introduction and implementation of Cadlab's leading theme CACE in its administra­
ti ve and technical aspects according to the pre-supposed planning hori zon (about three to 
five years, start ing in 1993). 

Another central topic havc been measures for assuring that Cad lab's software develop­
ment projects and their env isaged result s sati sfy the required qua lity criteria in order to 
facilitate the transfer of Cadlab's R&D work into potential SNI products. The framework 
for these quality criteria is given by SNl's quality principles, expressed in the SN I Proc­
ess Handbook for App lication Software. its Cadlab speCific supplements and the ISO 
standard for quality assumllce systems. 

In addition, TMG had to deal with 

• internal and external promotion and presentation of Cadlab and of its results; 

• support and consultancy for the acquisition and management of national and interna­
tional. collaborative projects; 

• analysis of the CACE problem space in practice (CACE requirements engineering). 

All these technical TMG activities have been complemented by a number of admin istra­
tive coordination effolts. wh ich included budget-controlling and commercial support of 
ru nning and new Cadl<lb projects, and process ing o f all contractu al issues. Finally, TMG 
has acted as interface to relevant departments within SNl and Paderborn University, 
especially for the organisat ion and reali sation of the (forthcoming) move o f Cadlab to its 
new premises . 
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6.2 Work During the Report Period 

6.2.1 CACE Requirements Engineering 

In continuation of efforts started in 1993, work in 1994 concentrated on the pm1icipation 
in the CA I-project of SNI's plant for midrange computer systems. "CA I" stands for 
"Computer Aided Industries" and denotes "large restructuring and business rc-engineer­
ing approach set-up to enhance the competiti veness of SNI's midrange operations. 
Within the global CA I-restructuring effort of this plant, CadJab's task was to design a 
conceptual schema for component part data and to develop an import/export interface for 
parts library data. Examples for components are integrated circuits, capacitors, printed 
circui t boards, sc rews, or cases. A conceptual schema describes information types asso­
ciated wi th these componen ts, li ke siz.e, weight, unique identification number, supp lier, 
programming information, etc. A strong motivation for Cadlab to participate in this 
project was to understand curre nt data handling practice and espec ially what kind of 
problems have to be solved by future software solutions. 

Results of Cad lab's participation in the CA I project have been presented and published 
in various contex ts, among others within JCF Subproject 4 "Evaluation 

A Data Schema for Parts Data 

During the report period a sub-project of the CA I-project was finished which was started 
in April '93 . The goal of this sub-projec t was to define a data schema for technical paris 
data. This schema shou ld serve as a basis for syslem integration and migration. 

After an extens ive research and analysis phase of the ex ist ing parts data lIsed within the 
UNIX computer manufacturing plant. the project Learn defined .a gross schema for tech­
nical paris data. The schema slIpPol1ed a lop-down approach, so thal on the top level 
only " large" data enti ties (like libraries) are visible. and details are left to lower levels. 
Also, in contrast 10 schemes like EDIF, a more pragmatic approach was fo llowed: dala 
containers like libraries were explicitly modelled, because for administration purposes 
these entities are very important. The CASE Tool " Innovator" was used to document the 
schema. 

The main problem with data schemes of such a g loba l scope is to supply the appropriate 
level of detail. If the schema shows too much detail, it has to be updated and maintained 
by a lot of people in parallel in order to be useful (i.e., correcl and up-to-dale). Effec­
tively, this means that the schema has to se rve as a "mastcr" for all parts databases within 
the factory. On the other hand, if the schema shows too little detail, only trivial enti ties 
and relations are captured, so that very few people (like novice users) can profit from 
studying it. The most useful approach would be 10 have a hierarchical schema as data­
base master, capable of driving heterogeneous databases and suitable for local mainte­
nance by database admin istrators . 
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An ImportlExport Interrace ror Parts Library Data or the EMC-Workbench 

When operating the EMC Workbench (of chapter 5.3), employed by the UN IX computer 
manufactu ring plant for assess ing the EMC propert ies of PCBs data about e lectronic 
parts have to be uti li zed. For each pin of an electronic device (like an IC) a si mulation 
model is necessary in order to calculate signal transmission effects on connecting wires. 
The re lation between a given simulat ion model and a certain pin is spec ified with in the 
Parts Library of the EMC Workbench. E.g., many pins refer to the same s imulation 
model, because their electrical characteristics with respect to EMC effects are eq ui va­
lent. 

Within most companies data about parIS is stored and maintained by a component infor­
mation management system (CIMS). In order to utilize this data for the EMC Work­
bench, an import/export interface has been implemented to enab le the exchange o f data 
in and out of the EMC Parts Libmry in a neu tral format during a follow-up sub-project of 
the above mentioned onc. The format defines two ASCII tables, one for parts data and 
one for pin data. This format was designed in such a manner that an immediate process­
ing by a PC-based database is possible. 

Furthermore, a second version of this import/export interface has been implemented on 
top of an object-oriented database BISOM, taken from Cad lab's DBF projec t. For thi s 
experimen t, the file-systell1-based Parts Library of the EMC Workbench was subst ituted 
by BISOM 's OODB technology. The Library was filled with test data in order to com­
pare both so lutions (B ISOM- vs. file-syslem-based). 

6.2.2 Software Engineering and Quality Assurance 

One of the goa ls of the Technical Management Group was to ensure that Cad lab software 
development projects meet industria l quality standards. Therefore in 1994 con tinuous 
effol1 was spent to adopt the guide lines of the SNI Process Engineering Handbook in the 
ongoing software devc!opment projects in all Cadlab working groups. Care had to be 
taken to apply those guidelines in a manner adequate for the special requirements of 
Cadlab with its deep integration of research and deve lopment. The necessary adaptations 
are documented in the "Cadlab Handbook for Software Development Projects"; a com­
pletely revised issue of this handbook has been finished and introduced in 1994. 

Support of five Cad lab projects was cont inued during 1994: "EMC Workbench", 
"Advanced Editing Systems", '; Jntell igen t Framework Services", " Database Federation 
Services", and "STEP/EXPRESS Environment EX PREME". 

A member of TMG played the role of the "techn ica l controller" in those development 
projects. According 10 Ihe SNI Process Engineering Handbook the technical controller 
checks at milestones whether a project proceeds according to the pre-defined develop­
ment process and that the rcquired results are achieved. Furthermore, the technical con­
troller supports the project members by consultancy on topics concerning software 
engineering, project management or qualit y assurance on demand. Another member of 
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TMG participated actively in the successful T50 test for EXPREME 1.0. 

Furthermore, in 1994 communication links with the technical controller of SNI AP in 
Paderborn were estab li shed in the con text of quality management according to ISO 
900 1. As pan of SN I AP. Cadlab achieved the DQS cenificate for an ISO 9001 compliant 
quality management system in March 1994 with regard to its software development 
activi ties. 

6.2.3 Promotion and Presentation 

Besides presenting Cadlab at various opportunities TMG contributed to a number of 
external brochures and newslellers (e.g., to the Newsletter of the IEEE Techn ical Seg­
ment Committee on "Engineering of Complex Computer Systems") wi th references to 
C.dl.b. 

Internally. TMG coordinated 

• the production of Cadlab Annual Repolt '93; 

• the Cadlab contribution to lhe "Who-is-Who" brochure of Paderbom University; 

• the development of a Cadlab "Corporate Identi ty" concept; 

• the production of a proposal for improvi ng Cadlab's software development environ­
ment: 

• Cadlab standard slides sets. 

In addit ion, TMG contributed to the analysis of Cadlab's documentation environment 
and produced a number of templates and forms for documentation and promotion/pres­
entat ion purposes, e.g., for s lides and project documentation. TMG participated in estab­
lishing a Cadlab World-Wide-Web home page and in fi ll ing it with contents. 

TMG membcn. part ic ipated in various publication effons, e.g .• in Cadlab Reports 0 1/94, 
09/94. 11/94. 13/94. 14/95 and 15/95. 

6.2.4 Project Acquisition and Coordination 

During the report period TMG contributed to early initialise proposal production efforts 
in the context of the first call for proposals (issued on December 15) of the EU Forth 
Framework Programme for the following areas: 

• knowledge asset management and data base federation (in cooperation wi th group 
IT); 

• electromagnetic compat ibili ty and in terconnect design support tools and interfaces 
(in cooperation with group ASE); 
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• process modelling/process technology. multi-media assisted distributed te le-cng i­
neering and framcwork-based SUppOl1 for distributed engineering (in cooperati on 
with SNI BU ES eEl: 

• hardware/software co-des ign/co-veri ficiltion (in cooperation w ith the Cad lab group 
IT and SNI SU MR PD). 

TMG had coord inated ASSET Task 0 3 ;'Fmnlework Components". whic h included the 
task's day-to-day management (progress and effol1 reporting. milestones tmcing. etc.) 
and the organ i ~ation of 03 meetings and workshops. In addition, prepuration and (suc­
cessfu l) particip'llion in the ASSET technic.ll and managerial reviews represented con­
siderable e ffort~ ofTMG. 

Administrative and technical consultancy has been given to SNI SU A I' 44 in the context 
o f the ITHACA project and to the Cadlab project grou p dea ling with the SYDIS projecl. 
The Cadlab group ASE was supported in managing the projects AC-S. AC- 12 and Mst­
Bib from an administmt ive point of view. In conjunction with the JCF Project Office the 
organisation of Cadl<lb resources in the JCF project has been coordinated. At the begin­
ning of the report period. Cadlab TMG finished its consultancy efforts in the ADVANCE 
project and passed its management respons ibil ity to the ADVANCE project management 
team (i ncluding SNI BU ES CE). 

6.2.5 Computing Centre 

The main task of the group of the Comput ing Centre is the support and maintenance of 
an effic ient programming environmen t for a ll Cadlab employees. This partic ularl y 
includes the assistance of the employees and student assistants, the acquisition and 
installation of additional hardware and softw']fe tools. the improvement of the ex isting 
network and the task to keep all systems operat ional. 
Furthermore the Comput ing Cen tre support the Cadlab ex te rn al framework group which 
spun off frolll Cadlab in a product transfer process in 1992. These employees have their 
offices in the same bui lding and use the same programming environment as a ll Cadlab 
employees. 

Acquisition of Systems and Modules 

The ex ist ing hardware equipment. mainly Sun and Si licon Graphics workstations, was 
expanded with additional workstations and Persona l Computers. In order to supply a suf­
ficient number o f workMations and computing power for the growi ng num ber o f c mploy­
ees and student assistants some workstations were acquired and other workstatio ns were 
ex panded with local disk cap.lci ly and memory. Old servers (SNI Targon/35) were 
replaced by two new Sun workstations. In addition a high end para ll el computing server 
(SG I-Power Chal lenge) was installed. 
The hard- and software for data backups was updated and expanded and printers were 
equ ipped with Ethernel Network interfaces. 

6.2.5.1 Networking 

Via a workstation confi gu red as a gateway. the loca l area ne twork at Cadlab is part of the 
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network of Paderborn University. Besides the overloaded existing pennanentlink a sem­
ipermanent ISDN link to Paderborn Universi ty was established. Due to the links it is 
possible to exchange electronic mail and data direct ly and to work interactively on com­
puters at the university with acceptable performance. It offers also the en try to other net­
works worldwide 
To improve the performance of Cadlab's IOC;'11 area network a multiport Ethernet bridge 
was installed. The bridge allows for a fragmentation of the network into four parts using 
the existing cabling. Four more ports were used to connect servers directly to the bridge 
and the Elhernel backbone was replaced by the internal 175Mbilfs bus of the bridge. 
In addition to the existing standard network services a World Wide Web server was 
installed to offer information of Cadlab's activities 10 the public and 10 improve the 
uvailab ility of internal informational sources. 

Operat ing System Software and Tools 

One of the main tasks of the Computing Centre group is to build up and preserve a 
homogeneous programming environment which. at best. is available on all different 
hardware respectively operating systems platforms. 
With the support of some employees representing the other project groups at Cadlab the 
installation of loca ll y lIsed tools like TeX. FramcMaker, printer spool er. gnu tools etc. 
was improved. 
Some more Sun workstations were insta lled with the operating system Solaris2. As the 
new version Solaris2.4 turns out to be slable and comes up with sufficien t performance, 
in contrast to the older versions, a general change to Solaris2 is planned. 

6.2.6 Parallel Computing 

In fall 1994 a small project group named "Para llel Comput ing" was formed to concen­
trate and coordinate Cadlab's activi ties in th is field. The first propos ition was to evaluate 
software too ls for load balancing and parallel programming on workstation clusters as 
well as parallel computer hardware. These tasks <Ire ongoing. 
In addition, work was set up towards an automatic generation of code from system spec­
ificalions based on extended Petri Nets, a specification model that is used within the 
group PSM. This work started with a definition of a texllIallanguage for net representa­
tions on which the generator will operate. 

6.3 Summary and Outlook 

One of the m;.~or achievements of TMG during the report period has been the acceptance 
by all Cadlab groups as cen tral information switchboard and competent support centre 
for all kind of problems. This has represented a quite difficult but also Challenging effort 
for TMG due to the mutually orthogonal responsibilities of its members. 

Together with the Computing Centre a number of successful endeavours jointly per-
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formed with other Cadlab te.lms and SNI BU ES CE contributed to the fact. that TMG 
has been recognised 'lS a we ll -acceptcd organis<uion both wi thi n Cadlab and externally: 

• industrialisation of the STEP/EXPRESS Environment EXPREME: softwarc engi­
neering and quality assurance consultancy ofTMG con tributed to keep the T50 dead­
line of this project as planned; 

• acquisition and coordination or projects; including ITHACA, ASSET and 
ADVANCE 

• administration of all contractual Cadlab issues 

• success rul finaliza ti on of the CA! schema sub-project wi th the SN I plant ror mid­
range computer systems; 

• 

• 

publishing and presenting the results of Cadlab 's work; 

extending and maintaining a complex networked comput ing environmenl for more 
than 200 internal and external engineers and sc ient ists; 

Due to major Cadlab internal restructuring (merge of SET and BT grou ps to IT group) 
and the personal invo lvemcnt or TMG members in this and in related (IT) projects, it has 
been decided to transfe r the technica l TMG t<lsks and persons to the Cad lab project 
groups by the 3rd quarter of 1994. Ad ministration and Comput ing Support together with 
paralle l Computing have been kept as cen trall y org<Hlized activities. 
A major task ant icipated in 1995 is the move \0 Cadlab's new o rfices in the former Nix­
dorf headquarters at Paderbom, FUrstcl1<lllcc. This will involvc a complete renewal or 
Cadlab's technica l inrrastructure and computi ng network. 
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III Publications, Funded Projects and 
Scientific Collaborations 

7 Publications and Major Documents 

7.1 Cad lab Reports 

• "Eine kurLC EinfUhrung in Concurrent Engi neerin g", J. SlauB 
(Cadlab Report 01/94) 

• "Federation and Stepwise Reduct ion of Database Systems", E. Radeke. 
M. H. Seholl (Cad lab Report 02/94) 

• "Object Migrat ion in Federated Database Systems", E. Radeke, M. H. Scholl 
(Cadlab Report 03/94) 

• "Zur Entwicklung von Mikrosysternen unter EMV Gesichtspunkten", W. John, 
J. SChragc, M. GUlzmann (Cad lab Report 04/94) 

• "Parallel Validation o f STEP Files", G. Lehrenfeld, W. MUller, N. W iechers 
(Cadlab Rep0l1 05/94) 

• " Implementing Simultaneous Desig n: A Case Study", D. Nyhu is, W. MLill cr. 
K. Groning, F. Buijs (CadJab Report 06/94) 

• " Defining the Relationa l Grammar of Pl - A Case Study'" G. Lehren feld, W. 
Muller (Cad lab Repo" 07/94) 

• "Management of Concurrent Design Processes", J. Tacke n, E. Kleinjohann 
(Cadlab Repo ... 08/94) 

• "On the Need to Address Non-Functional Aspects in Concurrent Engi nee ring", 
J. Dunkel, K. Ryan, F.-J. Slewing (CadJab Report 09/94) 

• "A Des ign Model for Concurrent Engineering o f Heterogeneous Systems", 
M. Brielmann, B. Kleinjohann (Cad\ab Report 10/94) 

• "Computer Aided Concurrent Engineering (CACE) System Requirements", 
J. StrauG (Cadlab Report 11/94) 

• "Controll ing Cooperation and Recovery in Nested Transact ions", A. Mecken­
stock, R. Un land, D. Zi mmer (Cadlab Report 12/94) 

• " Requirements for ECBS Environmen ts: A Case Study", F -J. Stewi ng, J. StrauB 
(Cadlab Report 13/94) 

• " Implementing PCTE on an Object-Oriented Database", G. Boudier, C. Cuis inier, 
F. Bruno, U. Keller, W. Seelbach. D. NoJte. F. -J. Stewing, O. Mulcahy, 
D. O ' Rordan (Cadalb Report 14/94) 
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• "The Role or STEP in Facilitating Engineering Errorts", F. Buijs, G. Lehrenreld , 
W. Muller, F.-J. Stewing (Cadlab Report 15194) 

• "EMC-Driven Midway Routing on PCBs", H. Schmidt, D. Theune, R. Thiele, 
T. Lengaller (Cad lab Report 16194) 

• "Nestlist and Behavioural Description or Macromodels ror Ana log C ircuits", U. 
Kempcr. J-f. -T. Mammen (Cadlab Report 17/94) 

• "Ein neues Protokoll rlir hochgradig parallele Hardwarci.lrchi tck turen", B. Kle in­
johann, R. Milczewski (Cadlab Report 18/94) 

• "Exemplarische Untersuchungen ZlI Storungssigna leinkopplungen in mikrosys­
temspez ifi sche Sensoranordnungen mit MeBverstarkern", J. Schragc, R. Ho lrner, 
W. John, H.-R. Trunkler (Cadlab Report 19/94) 

• "Express-P - Extending Express ror Process Modelling and Monitoring", 
W. Felser, W. MUller (Cadlab Report 20/94) 

• "Annual Report 1993". F.-J. Rammig, B. Stcinmuller (Cadlab Report 21/94) 

• "Configurable Recovery ror Cooperative Design Transactions", A. Meckenstock. 
R. Un land, D. Zimmer (Cadlab Report 22194) 

• "The Semantics or Behavioral VHDL'93 Descriptions", E. Borger, U. GHisser. 
W. Miiller (Cadlab Report 23194) 

• " Integrat ing Frames, Rules and Uncerta inty in a Database-Coupled Knowledge­
Representation System". P. Drcscher. M. I-Iolena, R. Kruschinski , G. LautKotter 
(Cad lab Repo" 24/94) 

• "Dcadline-Monotonie Schedulability Test ror Parallel Architeetures", P. Allen­
bernd (Cadlab Report 25194) 

• "An Approach ror a Fast Preana lysis or Reflection Efrects on Printed Circuit 
Boards", J. MUller, E. Griese (Cadlab Report 26/94) 

• " Implementierung e ines parallelen Validierungswerkzeugs Hir STEP-Produkt­
datcn lintel' PVM", G. Lehrenreld , W. Muller, N. Wicchcrs (Cadlab Report 27/94) 

• "Framework ror Object Migration in Federatcd Dat<tbasc Systems". E. Radeke, 
M. H. Seholl (Cad lab Report 28/94) 

• "Functiona lity ror Object Migration Among Dist ributed, Heterogenous, Au tono­
mous Database Systems", E. Radeke, M. H. Scholl (Cadlab Report 29/94) 

• "ROSAR - Rule Oriented System ror Analysis or Reflect ions on Printed Circuit 
BoardS', W. John, D. Ley, J. MUlier (Cadlab Repol1 30/94) 

• "Development or Rules ror Printed Circuit Board Design under EMC Con­
st raints", W. John, J. Mi.ill er, E. G riese (Cadl<lb Report 3 1194) 

• "Elektromagneti sche Vertraglichkeit im Rahmen del' Mikrosystcmtechnik", 
W. John (Cadlab Report 32/94) 
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• "Enlwicklungsumgebungen Hir Mikrosysteme", B. Planken, H. Schmidt , W. John 
(CadJab Report 33/94) 

• " Das S IR-Datenschema", J. Becker, F. Buijs (Cadlab Report 34/94) 

• "Anwcndungsspezifi sche Datendarste llung mittcl s Sichten in einem objektorien­
tierten Dalenbanksystem: Mtiglichke iten , Grenzen und Folgerungen" , 
W. Heijenga (CadJab Report 35/94) 

• "An Approach of Rule Development for Re nection and Crossta lk Effects on 
Printed C ircu it Boards", D. WagenblaBt, J. MUlie r. W. Joh n, E. Griese 
(CadJab Report 36/94) 

• "Ei n Konzept flir kooperierende Transaktionen in Entwurfsumgebungen", A. 
Meckenstock, R. Un land. D. Zimmer (Cad lab Report 37/94) 

• "Enhancing the Data Openenness of Frameworks by Database Federation Serv­
ices", R. Btinger, Y. Enge!. G. Kachel, S. Kolmschlag. D. Nol le, E. Radcke 
(CadJab Report 38/94) 

• " Efendi: Federated Database System of Cad lab", E. Radeke 
(CadJab Report 39/94) 

• " Problem Analysis and Requi rement Specification on Heterogeneous Database 
Systems", R. Btiuger, Y. Engel, G. Kachel, S. Ko lmsch lag, D. NolLe, E. Radeke 
(CadJab Report 40/94) 

• "A Configurable Cooperati ve Transaction Model for Design Frameworks", 
A. Meckenstock, R. Unland, D. Zimmer (Cad lab Report 41/94) 

• "Concept for System Planning SlIPPOl1 Too ls According EMC-Constraints", 
D. Frei , G. Lauf'kotter (Cadlab Report 42/94) 

• "Guide to EXPRESS-P", W. Muller, W. Felser, F. Buijs (Cadlab Report 43/94) 

• " Lean Management of a Large, Multinational R & D Project - Ex ploi ting Project­
Inherenl C:uslorner-Supplier Relationship", B. Ste inmti ller (Cadlab Report 44/94) 

• "EMV-Beratungssystem zur Untersuchung von Re nex ionen auf Lei terplatten", 
D. Ley, J. Muller (In ternal Report 01/94) 

7.2 Major Software Documents 

• "User Require ments Specification - Database Federation Services", 
S. Kolmschlag. D. Nolle, January 1994 

• "Detailed Funct ional Specificat ion - Database Federation Services", 
D. No lle, S. Kolmschlag, E. Radeke, G. Kachel, Apri l 1994 

• "Market Analysis - Database Federation Services". 
D. Nolle. S. Kolmschlag. April 1994 

• " DBF Scenarios - Database Federat ion Services", 
S. Ko lmschlag, D. Nolte. April 1994 
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• "EXPREME 1.0 - User Manual of thc EXPRESS Modell Editor", 
S. Bublitz, May 1994 

• "T 50-Testkonzept zu 'EXPREME 1.0' ", J. Sll"allB, June 1994 

• "Testergebnisse T50 EXPREME 1.0", J. StrauB, June 1994 

• "Detailed Functional Specification", EXPRESS/STEP Environment (EX E). 
E. Losehner, F.-J. Stewing. F. Buijs, June 1994 

• " Integrationsberieht", EXE - EXPREME, S. Bublitz, F. Buijs, June 1994 

• " Implemcntation Specification - Database Federation Services", 
S. Kolmschlag, E. Radeke. D. Nolle, July 1994 

• "Test Report", EXPRESS/STEP Environment (EXE), E. Loschner, August 1994 

• 

7.3 Books, Conference and Journal Papers 

• E. Borger. U. Glasser, W. Muller: "The Semantics of Behavioral VHDL'93 
Descriptions", in Proceedings of the EURO-DAC'94/EURO-VHDL'94, Greno­
ble. September 1994, IEEE Press, Los Alamilos, CA. 1994 

• R. BOllger, Y. Engel. G. Kachel , S. Kolmschlag, D. Nolte, E. Radekc: "Enhanci ng 
the Data Openess of Frameworks by Database Federation Services", Proc. EDAF 
'94, IFIP WG 10.2 Working Conference on Electronic Design Automation 
Frameworks, Gramado. Brazi l, November 1994, pp. 91-100 

• M. Brielmann, B. Kleinjohann: "A Design Model for Concurrent Engineering of 
Heterogeneous Systems, CEEDA. Bournemouth , April 1994, pp. 477-482 

• F. Buijs: "CLASSY: AUlOmatische Logiksynlhese von ALU's", 39. (WK, Techni ­
cal University of IImenau, September 1994. pp. 6 17-622 

• F. Buijs. W. Klifer: "STEP Technology for ECAD Databases", EDAF '94, IFIP 
WG 10.2 Working Conference on Electronic Design Automation Frameworks, 
Gramado. Brazil , November 1994, pp. 203-2 12 

• P. Drescher, M. Holefia, R. Krll schinski, G. Laull<otter : " Integrating Frames, 
Rules and Uncertainty in a Database-Coupled Knowledge-Representation Sys­
tem" , Proceedings DEXA '94, Athen, September 1994, in D. Karargiannis, edi­
tor, Database and Expert Systems Applications, pp. 703-7 12 

• H. J. Eikerling, W. Muller: "FADE: A Layout Facility for Graph-Based Dia­
grams". Proceedings of the 17lh Annual Computer Science Conference, Chri stch­
urch , New Zealand, January 1994, pp. 33 1-342 

• W. Felser, W. MUller: "EXPRESS-P - Eine Erweiterung von ISO 10303- 11 zur 
Prozessmodell ierung", in Proceedings of the CAD94, Paderbom, March 1994. 
Carl Hanser Verlag, Munich 1994, pp. 659-680 
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• W. Fclscr, W. Mlillcr: "EXPRESS-P - Extending Express for Process Modclling 
and Monitoring", in Proceedings of the 1994 ASME Computers in Enginccring 
Confcrence. Minncapolis. M1. Scptember 1994, pp. 145- 154 

• E. Griesc, J. Schrage: "Schnelle Bcrechnung von Reflcxions- und Crosstalkeffek­
tcn auf gckoppcltcn Leitungssystcmcn komplexcr Leitcrplattcn". Tagungsband 
zu r Kleinheubacher Tagung 1993, Sch loss Kleinhcubach (Germany), Kleinhcu­
bachcr Berichtc 1994, Band 37, 1994, pp. 985-996. 

• E. Griese: "System-Theoretical Investigat ions on the Application of the Coupled­
Wave Thcory for the Diffraction Analysis of Dielectric Gratings", Proceedings of 
the EUROEM 94 International Symposium, Bordeaux (France), 30. May -3. Junc 
1994, pp. 1047- 1054 

• E. Griese: "Coupled-Wave Analys is of Planar-Grating Diffraction Usi ng a Pade 
Approximation", Digest of the IEEE Antennas and Propagation Society Intcrna­
tional Symposium 1994, Seattle (USA), 19. - 24. June 1994. pp. 614-6 17 

• E. Gricse, M. Vogt: ;;Fast Simulation of Wave Propagation on Coupled Microstrip 
Lines", Digest of the IEEE Antennas and Propagation Society International Sym­
posium 1994, Seattlc (USA)_ 19. - 24. June 1994, pp. 1956- 1959 

• E. Griesc, J. Sclu age: "Fast Simulat ion of Reflection and Crosstalk Effec ts using 
a Pade Approximation", Proceedings of 9th Intcmational Conference on EMC, 
lEE Conference Proceedings No. 396, Manchester (UK), 5. - 7. September 1994. 
pp. 209-2 16 

• E. Griese. J. Schrage. M. Vogl: "Fast Simulation Methods for the Detection of 
Reflection- and Crosstalk Effects During the Dcsign of Complex Printed C ircuit 
Boards", Proceedings of the European Design Automation Conference, Grenoble 
(France), 19. - 23. September 1994, pp. 408-4 13 

• E. Griesc: ;. Vectoria l Diffraction Analysis of Periodic Gratings Using a Trans­
mission Matrix", IEEE Trans;:tctions on Magnetics. Vol. 3D, No. 5, September 
1994, pp. 3204-3207 

M. Gutzmann: "Methoden zur Bestimmung des Delta- I-Noise (Swi tching Noise) 
ill signalverarbcitclldcn Mikrosystemkomponenten", Tagungsband zum ! . Work~ 
shop 'Methoden und Werkzeugenlwicklung fOr den Mikrosystementwurf', Karls­
ruhe (Germany), 15. November! 994, pp. 207-2! 5 

• M. Ho!efia: "Wah! del' Architektur eines neurona len Netzes mincls der Theorie 
dcr Vcrbande", Fuzzy Tage in DOltmund, June 1994, in B. Reusch, editor, Fuzzy 
Logik Theorie und Praxis. pp. 365-373 

• M. Holefia: Vortrag auf der EMCSR (Meet ing on Cybernetics and Systems 
Research) in Wien, April 1994, in R. Trappl, editor, Proceedings of the 12th Euro­
pcml Meeting on Cybernetics and Systems Research, volume 2, pp. 1727- 1734 

• W. John: "Komponenten- und Systcmentwurf unler EMV-Gesichlspunktcn", 
Tagungsb;:tnd I.ur Kleinhcubacher Tagung 1993, SchloB Kleinhcubach (Ger­
many), Kleinheubacher Berichte, Band 37, 1994, pp. 959-970 
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• W. John. E. Griese. J. Muller: "Entwick lllng von Regeln rur den Leiterplancnent­
wurr Ulllcr EMV-Gcsichtspunktcn". Tagungsband zur Klcinhcubacher Tagung 
1993, SchloB Kleinheubach (Germany). Kleinheubacher Bcrichte, Band 37, 
1994. pp. 933·944 

• W. John, D. Ley. F. Kruse: "Analyse von Renexionen aur LeiterpJallen durch 
einen wissensbasiertcn Ansatz'", Tagungsband zur Klcinhcubachcr Tagung 1993. 
Schloss Kleinheubach (Germany), Kleinheubacher Berichte 1994. Band 37. 
1994, pp. 923·932 

• W. John. D Ley, J. Muller: "ROSAR-Rule Orientcd Systcm ror Ana lys is or 
Renections on Printed Circuit Boards". Proceedings or thc 1994 Intcmational 
Symposium on Elcctromagnctic Compatibility, Sendai (Japan). 16. - 20. May 
1994, pp. 40·43 

• W. John. J. Muller. E. Griesc: "Development or Rules for Printcd Circuit Board 
Design under EMC Constraints", Procecdings or the 1994 International Sympo­
sium on Electromagnetic Compatibility, Sendai (Japan), 16. - 20. May 1994, pp. 
44-47 

• W. John, O. ReLhmeier: "Parametrization of EMC-Macromodels ror Digital Cir­
cuits", Proceedings or the 1994 International Sympo!->ium on Electromagnetic 
Compatibility. Sendai (Japan), 16.·20. May 1994, pp. 36·39 

• W. John. M. Vogl, U. Gierth. R. Rcmmert: "Parametrisicll.lng von Vcrdrah­
tungsstll.lkluren aur Leiterplanen und Mikrowellenschaltungcn", Tagungsband 
Lur Kleinheubacher Tagung 1993, Schloss Kleinhellbach (Germany), Kleinhcu­
bacher Berichte 1994, Band 37. 1994. pp. 945·956 

• W. John. M. Vogt. U. Gierth. R. Rcmmert: "Methods for Parametrizalion or 
Transmission Line Structures on Printed Circuit Boards and other Dielectric Sub­
strales", Proceedings or the 1994 Internat ional Symposium on Elcctromagnetic 
Compatibility. Sendai (Japan). 16.·20. May 1994. pp. 52·55 

• W. John. M. Vogt. 1. Schrage: "Methods ror Simulation or Rcnection and Cross* 
talk Erfecls on Printed Circuit Boards", Proccedings of 9th Internationul Conrer­
cnce on EMC. lEE Conference Proceedings No. 396. Milndlc3lcr (UK), 5. - 7. 
September 1994, pp. 217·224 

• U. Kemper, I·I.-T. Mamlllcn: "Nct li st and Behavioural Description or Macromod­
cls ror Analog Circuits", Proceedings of European Simu lation Multiconrcrcncc 
1994. Barcelona (Spain). 1.·3. June 1994, pp. 979·984 

• G. Laufkottcr: "Ein Multiskalen-Ansatz zur Klassifikation von Bildinhaltcn" 
Tngungsband Muslererkcnnung '94. Wicn. Sept. 1994, pp. 304-4 14 

• G. Laufkollcr. M. Holeiia: "Specification Li.lIlguage ror an object-oriented know­
ledge representation system capturing rramcs, rulcs and lInccrt<.l inty processing", 
Workshop ISCORE '94, Amsterdam, September 1994, in R. Wiering::l and R. 
Fcenstra, editors. Working Papers or the International Workshop on Inrormation 
Systems - Correctness and Reusability lS-CORE·94. pp. 63-73 
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• G. Lehrenfeld, W. Muller, N. Wiechers: "Ein paralleles Framework fUr die Valid­
ierung von Step-Produktdaten", in Prodeedings of the CAD94, Paderborn , March 
1994, Carl Hanser Veriag, Munich 1994, pp. 601-620 

• G. Lehrenfeld, W. Milller, N. Wiechers: "Parallel Validation of STEP Files", in 
Proceedings of the 2nd International Conrerence on Concurrent Engineering & 
Electronic Design Automation, CEEDA94, Poole, UK, April 1994, pp. 503-508 

• G. Lehrenfeld, W. Milller: "Computational Model or Logical Visual Program­
ming Language", Workshop Logik in der In fonnatik, Jahrestreffen der Fach­
gruppe 0.1.6, Paderbom, May 1994. pp. 52-54 

• G. Lehrenreld, W. Muller, N. Wiechers: Conrormance Tests or Very Large STEP 
Files", in Proceedings or the 4th EXPRESS User's Group., Grecnvillc, South 
Carolina, October 1994, US Pro, New York , 1995, pp. 272-282 

• I-I. -T. Mammen: "B lock-Oriented Macromodelling ror Analog Circuits", Pro­
ceedings of European Simulation Symposium 94. Istanbul (Turkey), 9. - 12. 
October 1994. Vol. 11, pp. 333-337 

• H.-T. Mammen, R. BrUning, W. Thronicke, R. Scholz: "A Knowledge Based 
Analog Modelling Environment", Proceedings of European Simulation Sympo­
sium 94, Istanbul (Turkey), 9. - 12. October 1994, Vol. I, pp. 318-322 

• 1-1.-T. Mammen, U. Kemper, W. Thronicke, R. Brilning: "MASE - Werkzeug zur 
Synthese von analogen Makromodellen", Tagungsband zum 9. Symposium der 
Arbcitsgemeinschaft Simulation 1994. Stuttgart (Germany), 10. - 13. Oktober 
1994, pp. 315-320 

• 1-1.-T. Mammen, W. Thronicke: "Object-Oriented Macromodelling or Ana log 
Devices", Proceedings of the 2nd International Conrerence on Concurrent Engi­
neeri ng and Electronic Design Automation, Bournemouth (UK), 7. - 8. April 
1994, pp. 33 1-336 

• H.-T. Mammen, W. Thronickc, M. Hcine, R. Augsburger, K. Milzncr: "Modell­
bibliothek fUr komplexe analoge Bauelemente: Prasenlation von Ergcbnissen <IUS 
dem Verhundprojekl" . Tagungsband zur 3. GMElITG Diskuss ionssitzung 'Ent­
wick lung von Allalogschaltungen mit CAE-Mcthoden', Bremcn (Gennany), 29. -
30. September 1994. pp. 135- 140 

• A. McckenSlock: ''Transaktionsrecovery in Emwurfsumgebungen", Proc. 5. GI­
Workshop Transaktionskonzepte, SchloB Dhaun, January 1994 

• A. Meckenstock, R. Un land, D. Zimrner: "Ein Konzept fUr kooperierende Tran­
saktionen in Entwurrsurngebungen", Proc. STAK '94 (Softwaretechnik in 
AUlomatisierung und Kommunikation -Datenbanken unter Realzcit- und tcch­
nische Entwicklungsanforderungcn), I1rnenau, March 1994, ITG-Fachbcricht 125 

• A. Mcckenstock, D. Zirnmer, R. Unland: "A Configurable Cooperative Transac­
tion Model ror Design Frameworks", Proc. EDAF '94 (4th internationall FIP WG 
10.5 Working Conference on Electronic Design Automation Frameworks), Gra­
mado, Brazil, November 1994, pp. 11-20 
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J. Muller, E. Griese: "An Approach for a Fast Prcanalysis of ReOcction Effects on 
Printed Circuit Boards", Proceedings of the EUROEM 94 International Sympo­
sium on Electromagnetic Environments and Consequences. Bordeaux (France), 
30. May - 3. June 1994. pp. 670-677 

W. Muller, D. Nyhuis, K. Grocning. F. Buijs: "Implementing Simultaneous 
Design: A Case Study", in Proceedings of the 2nd Internationa l Conference on 
Concurrent Engineering & Electronic Design AutolTI<ltion", CEEDA94. Poolc. 
UK, April 1994, pp. 22 1-226 

W. MUlier, G. Lehrenfeld. N. Wiechers: "Parallel Validation of STEP Files" in 
PC2 User Report. Technical Report PC2rrR-009-94, Paderborn University. June 
1994, pp. 4 1-44 

W. MUlier, G. Lch rcnfcld, N. Wicchcrs: "Implcmcnticrung cincs parallel en vaJid­
icrungswerkzeuges rilr STEP-Produktdaten unter PVM", in Proceedings of 
TAT94, Aachen, September 1994. 10S Press. Amsterdam 1994, pp. 11-20 

W. MOller. F. Buijs. W. Felser: "EXPRESS Meets Process Modeling··. 4th Annual 
EXPRESS User Group Intemational Conference, Greenville SC. USA. 
October 1994, pp. 234-253 

S. Oing. G. Mrozynski: "E1ektromagnetische Kopplung und Strahlungsfeld von 
Leiterbahnen", Tagungsband zur Kleinheubacher Tagung 1993. SchloB Klcinheu­
bach (Germany) , Kleinheubacher Berichte. Band 37. 1994. pp. 913-922 

S. Oing, G. Mrozynski. F. Sabath: "Electromagnetic Compatibility of Survcil­
lance Devices with Remote Deactivation", Proceedings of the 1994 International 
Symposium on Electromagnetic Combatibi lity, Scndai (Japan). 16. - 20. May 
1994. pp. 256-259 

S. Oing, W. John, F. Sabath: "Computation of Common Mode Radiation due to 
Asymmetric Coupling on Printed Circuit Boards", Proceedings of the 12th Inter­
national Wroclaw Symposium and Exhibition on EMC. Wroclaw (Poland), 28. 
June - I. Jul y 1994, pp. 554-558 

S. Oing, U. Keller. M. Ki.inne: "A Method of Moment\:; Strategy for Calculating 
the Radiated Electromagnetic Field from Complex Mullilayer Boards", Proceed­
ings of the EUROEM 94 International Symposium on Electromagnetic Environ­
ments and Consequences, Bordeaux (France), 30. May - 3. June 1994. pp. 1673-
1680 

S. Oing, W. John, M. Kunnc: "Bercchllllllg des Abstrahl vcrhaltcns von Verdrah­
tungsstruklllrcn auf Leiterplatten", Tagungsband zur 4. Intemationalen 
Fachmesse und KongreB fur EMV. Karlsruhe (Germany), 22. - 24. Fcbruar 1994, 
pp. 521-532 

B. Planken, W. John, H. Schmidt: "Konzept und Prolotyp einer Entwick lungsum­
gebllng rilr die Mikrosystemtcchnik", Tagungsband zlIm I. Workshop 'Methoden 
1I11d Werkzeugentwicklung fUr den Mikrosystementwurf', Karl sruhe (Germany), 
15. November 1994, pp. 126- 133 
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• 
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• 

• 

• 

• 

• 

• 

• 

AnalOly Prihozhy, Fnlllk Buijs: "Transformations of Bchavioral VHDL Descrip­
tions", Preprin! N 20, Insti tute of Engineering Cybemctics. Acadamy of Sciences 
of Bclarus. Minsk, 1994. 

F. J . Rammig. B. SIC in muller: "From Design Environments to Computer Aided 
Concurrent Engineering: An Evolutionary Approach", in Proceedings of the 2nd 
Intcmational Conference on Concurrent Engineering and Electronic Desing 
AlH01l1alion. pp. 597-602. CEEDA '94. 1994 

F. J . Rammig: "Modcllc unci Mcthodcn fur den integricrtcn SyMcmcntwurf', in 
ITG-Fachtagung 129: Ilcram.fordcrung Informationstcchnik. pp. 91-108. VDE­
Verlag. 1994 

H. Schmidl. W. John. B. Plankcn: ··Prol.cf3rnodclllllr Integration del' EMV in die 
Enlwick lung von Mikro~y~IC ll1Cn". Tagllngsband Zllll1 I. Workshop 'Mcthodcn 
und WerkleugenlwickJung fOr den Mi~ro .. ystementwurr. Karl sruhe (Germany). 
IS. November 199 ... L pp. 1 17 ... 125 

J. SChrage: " Konzept eine .. Tc,l\ystcm, LlIr Durchfuhrung von EMV Validicrun ... 
gen beim Entwurf komplexer ,ignahcrarbeilcndcr Mikrosyslcmkomponenten'·. 
Tagungsband ZlIm I . Workshop 'Mcthoden ... und Werkzcugentwicklung fur dcn 
Mikrosystcrncntwlll'l' , Karlsruhc (Germany), 15. November 1994, pp. 199-206 

J. Scnrage. R. Holmer. W. John. 1-1.R. Trlinkler: "Storsignaleinkopplungen in 
mikrosystemspczifi sche Sensoranordnungen I", VDI-Schriftenrcihc 'Innovatio­
nen in dcr Mikrosystemtechnik '. Band 14. Berlin (Gcnnany), Juli 1994. pp. 59-72 

J. Schrage, R. Holmer. W. John. H.R. Trankler: "S torsignaleinkopplungen in 
mikrosystcmspczifische Sensoranordnungen 11". Tagungsband zur 3. GMEIITG 
Disk llssionssitzung 'Entwicklung von Analogschaltungen mit CAE-Mcthodcn', 
Brcmen (Gennany), 29 .... 30. Scptcmber 1994. pp. 93-98 

J. Schrage, W. John: " Beruchichligung der EMV bcim Entwurf von Mikrosyste­
men", VDI-Schriftcnrcihc 'Innovationen in der Mikrosyslemtechnik', Band 19, 
Berlin (Germany), November 1994. pp. 57-66 

J. Tacken, L. Kleinjohann: "Management of loncurrent Design Processes", 
CEEDA. Bournemouth. April 1994. pp. 43-48 

D. Theune, R. Thiele , W. John, T. Lengallcr: "Robust Methods for EMC-Driven 
Routing", IEEE Transnctions on Computer-Aided Design of Integrated Circuits 
and Systems, Vol. 13, No. 11, November 1994, pp. 1366 ... 1378 

D. WagenblaBl , J. Muller, W. John. E. Griese: "An Approach of Rule Develop­
ment for Rcnection and Crosstalk Effects on Printed Circuit Boards". Proceed­
ings of the 12th Intemational Wroclaw Symposium and Exhibition on EMC, 
Wroclaw (Po land). 28. June - I. July 1994, pp. 17-2 1 

D. Wagenb laBl, W. Rissiek: "Layoutanalyse analoger Schaltungcn basicrcnd auf 
eincm erweitcrten Bibliothckskonzepl". Tagungsband zur 3. GMElITG Diskus­
sionssitzung 'Entwicklung von AnalogschaJtungen mil CAE-Methoden', Bremen 
(Germany), 29. - 30. September 1994, pp. 15 1- 156 
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7.4 PhD Theses 

The following PhD Theses have been completed during the report period: 

• H.-J. Kaufmann: "Eine objektorientierte Software-Architektur fUr graphische 
Editoren", January 1994 

• F. Buijs: "Automating the Logic Synthesis of Arithmetic-Logic-Units", January 
1994 

• B. Kleinjohann: "SynLhese vcn zeitinvarianten Hardware-Modulen", February 
1994 

• L. Kleinjohann: " Intcgrierte Ent wurfsberatu ng auf der Basis erweite rter Pradikat­
Transit ionsnetze", April 1994 

• D. Theune: "Robustc und effiizientc Mcthoden zur Lasung ven Wcgproblcmen", 
April 1994 

• T. Maeser: "Bcrcchnung des Obcrtragungsverhaltcns vcn Lcislungsstrukturen 
integrierter Schaltungen", December 1994 

• Stefan Ding: "Elektromagnetisches Slrahlungsfcld e lek tronischcr Komponenten 
und Systeme". December 1994 

7.5 Master Theses 

The fo llowing master thescs have been completed at Paderborn Un iversity under the 
responsibi lity of Cad lab: 

• M. Bcekcr: "Entwurf und Realisierung objekt-orien tierter Basiskonzepte zur 
anwendu ngsbezogencn Datcnintcgralion auf der Grundlage eines objekt-orien­
tiertcn Datenbanksystems" 

• A. Eickennann: "Entwurf und Rca lis ierung graphischer Konzcpte fUr die 
anwendungsbczogene Reprtisenl<lt ion von Objck tgraphen in eincr Intcgrations­
umgcbung.'· 

• H. Hatme l. M. Wehmeier: "Entwick lung von Regeln fUr ein Beratungssystem zur 
Un terstiitzung dcs EMV-gerech tcn Leiterplattenentwurfs" 

• A. Hanse l: "Erstc llung eines Ko nzcptes von Klassifikationsmcrkmalen unter 
EMV-Gesichtspunkten zur En twick lung ciner Kabelbibliothek" 

• M. Heinrichs: "Software-Archi tcktunnodel le von BenulZungsschniustcllen" 

• T. Hesse: "Automatische Wissens'lkquisition und Konstruktion von Klassifikatio­
ncn anhand konzeptueller indukt iver Lernverfahrcn" 

• I-I. Nait-Chall al: " Berechnung dcr charakteristischcn Pm'alllcter von Leitcrplatten­
verdrahtungen in Muhilayertcchnik durch LOsung eines gemisch ten Randwc l1-
problems" 

• M. Sajady: "Dielektrische K6rper im elektromagnetischen Feld" 
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• S. Sekander Sajady: "Stromvertei lung aur elementaren linearen Antennen in 
Gegenwart von 8eugungskorpem" 

• H. Schmidt: " Lagenzuweisung unci Netzordnung fUr d ie g loba le Vcrdrahtung 
beim EMV-gcrechten Lci terplattenen twurP' 

7.6 External Talks, Lectures, Thtorials, Panels 

• Frank Buijs: "Oatenpradgenerierung: Logiksynthese, Kodierung, Layoutgener­
ierung", Prescntat ion at OMSI Workshop. Berlin. December 1994 

• P. Drescher: " Integration or KAM and CACE - Intell igent Framework Services 
IFS", ER IK A Meeting, Paderbom, March 1994 

• P. Drescher: Demo: " IFS Application ISDS (In te ll igent Systcm Design Support". 
JCF-SP I Workshop, Karlsruhe, April 1994 

• P. Drescher: "Process and System Modelling in Cad lab", Presentation at Dassault, 
Paris, September 1994 

• D. Frei: "An Approach considering EMC-aspccts during System Plann ing", 
EUROEM 94 International Symposiulll, Borde<lllx (France), 30. May - 3. June 
1994 

• E. Griese: "EMC-adequate System and PCS Design", EMC Information Day, 
Brussels, Apri l 1994 

• E. Griese: "Anwcndung der Leitungstheorie zur Behand lung de l' vektoriell en 
Beugung e lektromagnctischer Wellen an dielektrischcn Giucm'·. Kleinheubacher 
Tagung 1994. SchloB Kleinheubach/Main. 10.- 14. Oc tober 1994 

• W. Heijenga: "Vom Schema zur Sicht: Ande rung,l,lllog1ichkci tcn bei der Sich t­
ablcitung in cincm objektorientierten Datenbanksystem". G I Workshop Grundla­
gen von Datenbanken, Bad He l m~tedl. September 1994 

• M. Holeiia: "Uncertainly Processi ng". Poster at JCF-S PI Workshop. Karlsruhe, 
April 1994 

• R. Kruschinski: "The Hybrid Knowledge Descript ion Language l-I yKL". Poster at 
JCF-S PI Workshop. Karl~ruhc. April 1994 

• R. Kruschinski: "The Knowledge Evaluat ion Component (KEC)", JCF SPI 
Meeting, Bonn, September 1994 

• E. Loschner: "Werk zellg integrationl Integ riel1e Entwurrsflihrun g", Presentation 
at SYD IS Workshop, Bonn, January 1994 

• 1. MUlier: "ROSAR - Rule Oriented System ror Analysis or Rerelct ion Effec ts on 
Printed Circuit Boards", 1994 Internationa l Symposium on Electromagnetic 
Compatibi lity, Sendai (Japan), 16. - 20. May 1994 

• J. MUller: "Development or Rules ror Printed Circuit Board Design under EMC 
Constraints", 1994 International Symposium on Electromagnetic Compatibil ity, 
Senda; (Japan). 16. - 20. May 1994 
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• D. Nolte: "Enhancing the Data Openess of Frameworks by Database Federation 
Services", Presentation at [FtP WG 10.2 Working Conference on Electronic 
Design Automation Framcworks (EDAF '94), Gramado, Brazil, November 1994 

• B. Planken: " Konzept und ProLoLyp einer Entwicklungsumgebung fur die 
Mikrosystcmtechnik", I. Workshop 'Mcthoden- und WerkzcugenLwicklung fOr 
den Mikrosystementwurf Karlsruhe (Germany), IS. November 1994 

• F. Sabath: "Computation of Common Mode Radiation due 10 Asymmetric Cou­
pling on Printed Circuit Boards", 12th International Wroclaw Symposium and 
Exhibition on EMC. Wroclaw (Poland), 28. June - I. Jul y 1994 

• H. Schmidl: "ProzeBrnodell zur Integration del' EMV in die Entwicklung von 
Mikrosystemcn". I. Workshop 'Methodcn- und Werkzeugelllwicklung flir den 
Mikrosysternentwurf Karlsruhc (Germany), 15. November 1994 

• J. Tacken: "Entwurfssteuerung lInd -uberwachung rnit Hilfe von Priidikatrrransi­
tions-Nelzen", Presentation al SYDIS Workshop, Bonn, January 1994 

• J. Tacken: "Werkzeugintegrationl Integrie.le Enlwurfsfuhrung", Presentation at 
SYDIS Workshop, Dresden, October 1994 

• D. WagenblaBt: "An Approach of Rule Development for Renection and Crosslalk 
Effects on Printed Circuit Boards", 12th Intem<ltiomtl Wroclaw Symposium and 
Exhibition on EMC, Wroclaw (Poland), 28. June - I. July 1994 

7.7 Exhibitions 

Cadlab results have been presented at the following exhibitions: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

4. Intemationale Fachmesse und Kongress fur EM V, Karlsruhe (Germany), 
February 1994 

EDAC '94, Paris (France), Febr.lMarch 1994 

CAD '94, Paderbom (Germany), March 1994 

CeB IT '94, Hannover (Gerrnany), March 1994 

"First International Workshop on Action Semantics", Edingburgh (GB), 
April 94 

EMC Infonnation Day, Brussels (Belgium), April 1994 

"2nd International Conference on Concurrent Engineering & Electronic Design 
Automation (CEEDA '94)", Poole (UK), April 94 

2 1st Design Automation Conference and Exhibition, San Diego, (USA), 
June 1994 

" 1994 ASME Computers in Engineering Conference", Minneapolis, MI (USA), 
September 94 
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• EURO-DAC '94IEURO-VHDL '94, Grenoble (France), September 94 

• 4th Annual EX PRESS User Group Intern ational Conference, Greenvil1e se 
(USA), October 1994 

• ISATA Aachcn (Germany), November 1994 

95 



% 



8 Funded Projects 

8.1 Nationally Funded Projects 

During the report period, CadJab p<U1ic ipated in a number of cooperation projects sup­

ported by the BMBF or AiFl as indicated in Table 1. 

Title Support program Run time Project partners 

MST-BIB BMBF 04.91 - 04.95 AEB CEAG LuS, Uni Pader-
(formerly BMFf) born, Uni Bremcn, Bosch, 

OOSIS , FH Wicsbaden, R1G-
AIS, Hahn Meilner Institul , 
Krone. Rhode & Schwarz. 
SRM-CAE, TU Braunschweig, 
Uni Dortmund, Texas Instru-
ments, Mikron 

METEOR BMBF 07.92 - 12.96 KfK/IDT, FhG-IIs, GMD, 
(formerly BMFf) MBS, Uni-GH Wuppertal , Sie-

mens, FhG-IIS-EAS, SNI, 
BOTEC, ebm, ETA, Hafting, 
Jenoplik, Kuhnke, Mannes-
mann Tally, MicroParts, 
PROF! Engineering. AST, 
VDO, TU Berlin, Bosch, TU 
Chemnitz, Uni Erlangen, Uni 
Padcrborn 

MST-UEM BMBF 06.92 - 12.94 KfKlIDT, FhG-lMT, UniBW 
(formerly BMFf) MLinchen, GMD, Uni Erlnn-

gen, TH IImenau, TU Magde-
burg, FH Augsburg, TU 
Chemnitz, TU Berlin, Uni Jena 

lESSI AC-5 BMBF 07.92 - 06.95 ABB, Bull, DASA, GFAI, 
(formerly BMIT) ITALTEL, MATRA, Mercedes-

Benz AG, Philips, RFT-SEL, 
THESYS , TU Ilmenau, Vector-
fields, Philips Research Labs 
(U K) 

Table I: Nationally Funded Projects 

I. Arbeitsgemeinschaft industrieller Forschungsvereinigungen e. V. 
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Tit le Support program Run time Project partners 

lESSI AC-12 BMBF 01.92 - 12.94 ANACAD, Boseh, CSEM, 
(formerly BMFf) EZM. FhG/EAS, MATRA, 

Philips, Siemens, SGS-Thomp-
son, S3, TEM IC 

OMSI BMBF 08.9 1 - 12.94 Humboldt-Universittit Berlin, 
(formerly BMFT) TU IImenau, Uni Paderborn 

OPAL AiF 12.92 - 05.95 GFAI, Parsytee 

QUELLE D,A 09.93 - 03.96 GFAI, Widis, Uni Paderborn, 
TU Danzig 

SYDIS BMBF 01.93 - 12.95 GMD, Uni Paderbom. FhG-
(fonnerly BMFT) EAS, FZI Karlsruhc, SNI 

Schnittstellen- DFG 09.94 - 08.95 numerous partncrs rrom 
synthcse several german univcrsi ties 

. Table I: Nationally Funded ProJccts 

8,2 European Funded Projects 

In the report period Cadlab participatcd in the CEU rundcd projects (ESPR IT) as out­
li ned by Table 2. 

Title Support program Run time Project plll1ners 

ESIP ESRIT-1I11 11 10.93 - 09.95 Bull, ICL, SNI, Sie-
mens, Thompson-
CSF, Rac<ll -Redac, 
Philips (Uni Pader-
born assoc. to SNI) 

JESS I-Common-Frame ESPRIT-II 05.93 - 04.95 SNI, ICL, SGS-Th., 
Siemens, Philips, 
Racal-Redac, TU-
Deln (Uni Paderborn 
assoc. to SNI) 

ASSET I ESPRIT-Ill 03.93 - 04.94 Bull,Oliveui, 
Philips, CAP Debis 
SSP, Emeraude, 
TCD, Uni Siegen, 
SSE, Sysdcco 

Table 2: European Funded Projccts 
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8.3 Reports on Funded Projects 

MST-BIB Reports: 

• "SN I · Abschluf3bcrichC September 1994 

• "4. Zwischcnbcricht (period 0 1/94 - 12/94)", December 1994 

METEOR ReVOlls: 

• "Zwischcnbcricht TP2 - AP2.4 - AT2.4.2 (Period 01194 - 06/94)", June 1994 

• "Zwischenbericht TP2 - AP2.4 - AT2.4.2 (Period 07/94 - 12/94)", December 
1994 

• ''Tcchnischcr Bcriell! (Period 01/9 ... - 09194)". September 1994 

MST-UEM RCPOI1S; 

• "Zwischcnbcricht (Period 07193 - 03194)", March 1994 

• .• AbschluBbericht (Period 04/94 - 09/94),', September 1994 

• "Nachtrag zum AbschluBbericht (Period 10/94 - 12/94),', December 1994 

JESSI AC-5 Reports: 

• "Technical Rcpon (Period 01194 - 06194)". Ju ly 1994 

• "Technical Repon (Period 07/94 - 12/94)", December 1994 

JESSI AC-12 Reports: 

• "Combined MileMonc Report"', January 199 ... 

• "Technical Repon (Period 01194 - 06194)"·. July 1994 

• "Milestone Report". July 1994 

• "Technical Report (Period 07/94 - 12194),', December 1994 

• "Combined Milestone Report", December 1994 

OMSI Reports 

• F. Buijs, E. Frank, T. Lengauer, 5. Halbjahrcsbericht (01.07.93 + 31. 12.93). 
February '94 

• F. Buijs, E. Frank. T. Lengauer, F. J. Rammig, 6. Halbjahresbericht (01.0 1.94 + 

30.06.94), August ·94 

OUELLE Reports 

• " I. Zwischenbericht (Period 08193 - 05/94)", May 1994 

• '·2. Zwischenbericht (Period 06164 - 08194)", August 1994 
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• "3. Zwischenbericht (period 09/94 - 11194)", November 1994 

SYDIS Reports: 

• E. Loeschner. J. Tacken, SYDIS-Zwischenbericht ueber dus 2. Halbjuhr 1993, 
Januar 1994 

• E. Loeschner, J. Tacken, SYDIS-Zwischenbericht ueber dus I. Halbjahr 1994, 
Juli 1994 

• J. Beeker, F. Buijs, "Das S[R-Datenschema", August '94 

JESSI-Common-Frame Reports: 

• JCF/CadJab/066-01117-Feb-94 "Functional Specification of Hybrid Knowledge 
Representalion and Access Component" 

• JCF/CADLAB/067-0IlMarchI6, 1994 "Problem Space Specification for HyKL 
Knowledge Access and Management Component" 

• JCF/CADLAB/067-02/May 3 1,1994 "Problem Space SpecificaLion for HyKL 
Knowledge Evaluation Component" 

• JCF/CADLA B/069-0 1/3 1-May-94 "HyKL 1.0 - Reference Manual" 

• JCF/CADLAB/070-02/ 17-Aug-94 "User Requirements Specification for the 
HyKL Knowledge Access/Mangement and the Knowledge Evaluation Compo­
nent" 

• JCF/CADLABI07 1-0 Iil S-Aug-94 "Specification of the HyKL 1.0 Knowledge 
Evaluat ion Component" 

• JCF/CADLAB/072-01117-Aug-94 "Detai led Functional Specification for the 
HyKL Knowledge Access and Mangement Component" 

• JCF/CADLAB/075-0 I/November 28,1994 "Detailed Functional Specification for 
the HyKL Knowledge Evaluation Component" 

ASSET Reports: 

• R. BbHger, Y. Engel , G. Kachel. S. Kol mschlag, D. Nolle, E. Radeke: "Asset­
Report D.03.4/1. Problem Analysis and Requirement Specification on Heteroge­
neous Database Systems", September 1994 
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9 Collaboration in Technical-Scientific Bodies 

GI. GME. IIG; 

• Chairman of ITG Technical Commi ttee 5.2 (CAD) (F. l . Rammig) 

• Member orG I Technical Committee 3.5 (CAD) (F. J. Rammig, B. Stci nlllUl ler) 

• Member of Steering Committee for Working Group GI 3.5. 1I1TG 5.2.3 "Methods 
for the Design and Verification of Digita l Circu its and Systems"(F. J. Rammig) 

• Member of Steering Committee for Work ing Group GI 3.5.4I1TG 5.2.6 "CAD 
Umgebungcn ror den Entwurf mikroclck tronischer Systeme" (8. Stei nmu lter, 
F. J. Rammig) 

• VDUVDE-GME Technica l Commi ttee " Inforrnationstcchnik fUr Mikrosystemc" 
(w. John) 

• Member of VDFJITG FG 5.2.2 " Hardwarcbeschreibungssprachcn lInd Model­
lierungsparadigmcn", setup at EURO-V HDL '94 in Grenoble (W. Muller) 

• Memberof G I FG 4.2.1 AK 7 "Produktmodclll Outcnmodellierung" (F. Buijs) 

• Memberof GI FG 2.5. 1 ··O<.lIcnbanken" (G. Kachel. E. Radeke) 

• Member of Work ing Group " Pclrinctze und Informationssysteme in del' Praxis" 
(M. Brie lmann, M. Niemeyer) 

IFIP: 
• Nationa l representative for Germany in IFIP TC I 0 (F. J. Rammig) 

• Member of IFIP WG 10.5 (F. J. Rammig) 

Ql;. 
• CFllnler-Tool Communicat ion Working Group (M. Jooslcn) 

• CFI Worki ng Group Simulation Backplane (M. Niel11eyer) 

Others; 
• Member of Steering Committee of VHOL-Forum fo r Europe (F. J. Rammig) 

• CFI TSC Component In format ion Represen tat ion European Co-chai r (W. John) 

• VHDL Reballo1ing Grou p (C. Oczko, W. MU lier) 

• Balloting Member of ANSIfIEEE Std 1076-1993, VHDL'93 (W. Muller) 

• Contribution 10 the definit ion of EXPRESS Version 2 in the EXPRESS Working 
Group of DIN NAM 96.4.4 (W. Mu ller) 

• Contribution to the definit ion of the SDAI in ISO TCI84/SC4IWG7 "STEP 
Implementation Methods" (F. Buijs) 
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• 

• 

• 

• 

Balloting Member of lEEE Std 11 64-1993 "IEEE Standard Multivalue Logic 
Syslem for VHDL Modellnleropcrabilily (SldUogicU 164)" (W. Muller) 

IEEE Taskrorce on the Engineering of Computer-based Systems, ECBS 
(M. Briclmann. F.-J. Stewing) 

Volunteer IEEE Technica1 Segment Committee on the Engineering of Complex 
Computer Systems, ECCS (F.-J. Stewing) 

Member of CENELEC TC 117 WG I (W. Muller) 

Proeram Comjtlees. Oreanization of Sessions at Conferences; 

• Topic Chair "Design Techniques and Methodologies", EDAC 94, Pari s, 
France 1994 (F. J. Rammig) 

• Topic Chair "System Design with YHDL", EURO-VHDL 94, Grcnoble, France 
1994 (F. J. Rammig) 

• Topic Chair "Design Issues for CAD Systems and Concurrent Engineering", 
EURO-DAC 94, Grenoble, France 1994 (F. J. Rammig) 

• Program Chair IFIP international Conference EDAF 94, Gramado, Brazil 1994 
(F. J. Rammig) 

• PC Member CAD94 (Paderborn/Germany), VIUP94 (F. J. Rammig) 

• PC Member (FIP International Conference EDAF 94, Gramado, Brazil 1994 
(8. Steinmi..iller) 

• PC Member GUITG-Workshop, FZI Karl sruhe, Germany 1994 
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